
CHAPTER 8 

PIPING SYSTEMS 

Abo~rd sh ip the var ious units ol' machlnery 
and equipment are connected by miles of piping. 
Each piping system consists or sections of piping 
o r tubing, !ittlngs for joining the sections, and 
valves !or controlling the flow of fluid. Most 
piping systems ll!so include other fittings and 
accessories such as vents, drains, traps, strain­
ers, relief valves, and various gages and instru­
ments . This chapter covers lnformntlon dealing 
with the car e of piping systems, piping repai rs, 
maintenance of valves, and appliances forplplng 
systems. 

PIPING CARE AND MAINTENANCE 

REASONABLE CARE must be given the 
various piping assemblles, as well as the ma­
chinery connected by tbe plping. All joints, 
valves , and cocks in the lines mus t be examined 
frequently, and kept t ight. Tho piping on any 
ship should not be subjected to sti-alns by being 
used for handholds or footholds, by havingchain 
falls secured to tl1em, or by being used for sup­
porting weights. 

Where piping passes through decks or bulk­
heads, and a possibility exists for movement of 
one with respect to the other, stuffing boxes of 
flexible bulkhead connections are provided- if 
expansion bends or other offsets are not pr o­
vided in the piping-to take up the movement. 
The external surfaces of uncovered and ungal­
variized stee l or iron piping should be kept 
properly painted and free or moisture. Copper 
and brass piping is seldom painted. 

PIPE THREAD LEAKS should be promptly 
corrected. Leaky screwed joints which cannot be 
tightened with a reasonable amount of pullup 
should be taken apart, cleaned, examined for 
bad thread conditions, recoated with the appro­
priate compound, and carefully reassembled, to 
avoid any other thread damage. Poorly cut 

threads are a constant source of trouble with 
threaded pipe joints. The proper use and car e 
of pipe cutter s will prevent such pipe troubles 
as shaved thread, wavy thread, and poor 
shoulders. 

When a ship is in operative status, piping 
should be tested at the frequency and test pres­
sure specified in BuSblps Technical Manual. 
These tests must be carried on for a period of 
time long enough to disclose any leaks or other 
defects in the system. 

Where technical manuals are avallable for 
piping systems and associated equipment, they 
should be Collowed. However, If U1e manufac­
turer's Instructions or manuals are not 
available, BuShips Technical Manual should be 
r eferred to for details of piping maintenance. 

TESTS AND INSPECTIONS 

Maintaining the operational rellabllity of 
ships r equires that a ll piping systems be in 
goocl ope1·at1ng ('.ondition; therel'orc, ea rly de­
tection and correction of plplng defects are of 
the utmost Importance. Fresh water, lube oil, 
fuel oil, aviation gas, jet fuel, and 1·efrigerant 
gas a r e critical items-and any unnecessary 
loss or them must be avoided. Early correc­
tion of leaks, such as r epair of faulty seats and 
disks, will reduce the amount of work, time, 
and material required for r epair s. The fol­
lowing ttems ar c or extreme importance for 
the proper opera tion of valves and plptng 
systems. 

1. Piping systems should be inspected at 
regular Intervals in order to detect and cor­
r ect leaks as soon as they develop. 

2. BuShlps Technical Manual and the manu­
facturer's technical manuals for component 
systems should be referred to for specific ln­
formatlon on a particular piping system or 
component. 
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3. If specific instructions are not available, 
all piping in an operating status aboard ship 
should be tested quarterly under full working 
pressure. In addition, a periodic hydrostatic 
test or t 50 percent or the system designed pres­
sure shall be applied to piping. Tile period be ­
tween tests shall not exceed a maximum of 5 
years; U1c test should be conducted prior to or 
during a scheduled major ovei·haul on the 
ship. 

4. On ships in the reserve fleet, all piping 
not ln use shall be kept thoroughly drained and 
should not be put under prcssuro for test pur­
poses. 

5. Drain holes which are provided in some 
systems to permit continuous drainage, should 
be checked periodically to guard against thei r 
becomir1g plugged v.1th dirt or other foreign 
mattcl'. 

6. Before pressurizing any portion of a 
piping system for operation or for test pur­
poses, ope..ate all val ves except those which 
would pressurize the system from another 
source. 

7. Ensure that all valves and equipment in, 
or connected to, the part of the piping system 
being tested are in the required position or 
condition. Admitting steam to an open boiler 
and opening injection or overboard valves to an 
open condensei· a r e to be p:u·t icularly ~\la rded 
against. 

8. Sudden stoppage or changes In tho now, 
velocity, or direction of liquicls in plphll~ will 
i:encratc high pressur e (water nun) and may 
possibly damage equipment. Pumps should not 
be started when the discharge valve is open to 
a closed piping system, since tho air present 
will bo compressed and could rf'SUlt ln dama.ge 
to equipment. 

9. Sudden temperature cllan~es In a piping 
system can cause uneven contraction and ex­
pansion and can develop streRl<C8 which may 
cause mater ial damage or fall11t'C. Excessive 
temperature chnnges are the primary cause of 
gasket ral!u1·e. 

MARINE GROWTH 

Rapid fouling or the firemalns has been ex­
perienced on many ships, ospoelally ships 
operating in tropical wate rs. Figure 8-1 lllus­
tratcs a Hremaln fouled by marine growth . 
To minimize fouling or tl1e flremain and lo 
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prevent valves from being stuck open orcloscd, 
the following procedure is recommended: 

I. Once each quarter, nush the fl remain 
under full pressure. High velocity now must 
be used to remove marine growth. The fire­
main system may be l ined up to direct the flow 
of watc i· rrom more than one pump in one end 
or the shit>, through a section or the system, 
While cllscha r glng U1r ough an adequate number 
or weather deck fir eplugs. This p1·ocedu1·e may 
be changed to reverse the flow through the pip­
ing. Flushing should be accomplished In areas 
where the sea water is clean. 

2. The Naval Ship Systems Command has 
approved a procedure for acld cleaning or 
flremain piping to remove scale and marine 
growth. This type cleaning can be accomplished 
by a naval sh ipyard or by an approved con­
tractor. Acid cleaning Is satisfactory and ls 
economleal because it can bo done wilhout 
dismantling tho p iping. 

GASKETS 

It Is possible to achieve a tl1tht seal be­
tween flanges of a flanged joint; however, this 
requires perfect mating of m.'\chined or ground 

8.'12 
Figu r e 8-1. -Fi remain fouled by mnrlne g1·owU1. 
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surfaces. Hence this method is costlv, im­
practical, and generally unsatis(actory. To 
eliminate the necessit y for producing and main ­
taining perfect joint-contact surfaces, relatively 
inexpensive and easily replaceable gaskets are 
used as the sealing element . The seal is ob­
tained by causing the gasket material lo yield, 
or flow into the grooves or irregularities on ti1e 
joint-contact sur faces. 

For any flange, the type of gasket to be used 
will depend on seve1·a1 considera tions: opera­
ting conditions, operating pressur es, and me­
chanical features (bolting, shape of Clange) of 
the flanged assembly. Chapter 9950 (95) of 
BuShips Technical Manual contains informa­
tion on selecting the proper gasket for a spe­
cific flange. 

Much of the t rouble experienced with leaky 
joints in piping is due to poor a lignment or to 
improper allowance for expansion. Either of 
these fault s will throw excessive strain on 
joints. When the jo ints do not line up, the pip­
ing should be r ealigned so tlla t the flanges 01· 
unions meet properly without being forced. In 
aligning piping, you must check the pipe sup­
ports adjacent to the joint to be made up to 
determine that tiie hangers are properly sup­
porting the line. Conecting improper hanger 
support can be accomplished by loosening up on 
the supports and then adjust ing them to carry 
their share of ti1e load. In some instances, it 
may be necessar y to r eface the flanges . The 
piping sections must be in a lignment so that the 
flange bolts can be Inserted fr eely without 
forcing either the bolts or piping. 

The most practical way to cut a full-faced 
gasket is to lay the sheet packing over the 
flange and mark the cutting limits by light 
blows with a ball-peen hammer. The bolt holes 
must be cut slightly larger than the bolts so 
ti1at any tendency for the gasket to bulge along 
the bolt circle is eliminat ed. A gasket cutter 
should be used to cut gaskets that fit inside the 
bolt circle. 

Before making up a gasketed joint, all bear­
ing and sealing surfaces must be cleaned thor­
oughly. Surfaces must be checked for signs of 
damage from erosion or steam cutting. Flanges 
showing damage must be refaced o r replaced . 
Bolts and nuts that show signs of corrosion or 
other imperfections should not be reused. All 
bolts should be coated with an approved anti­
seize compound. 

The first time a r emade joint is put under 
pressure, it should be car efully inspectecl. If 

any s ign of leakage is evident, a ll bolts should 
be tightened in small Increments. l( leakage 
continues a fter a new gasket has been used, an 
investigation for other possible causes should 
be made. 

THREADED CONNECTIONS 

Threaded connections have been used in 
piping systems in the past, to a considerable 
extent. Experience has proven that these con­
nections are susceptible to shock damage and 
may become loose due to vibration. In present 
new ship construction, the use of thr eaded con­
nections is not permitted in piping systems, 
except in a few specia l cases. 

UNIONS 

Unions are des lgned to seal against leakage 
under operating conditions; they have a gr ound 
joint, metal -to- metal s ur face, or for high pres­
sure air and oxygen service , Uley have an 
0-ring seal. The threaded union nut is r e­
qui1·ed only to fumish mechanical strength for 
the joint, and does not have any of the fluid in 
the line acting on it . With a union joint, ll1ere 
is no reduction ln pipe-wall thickness as there 
is with a ti1readed pipe joint. 

When insta lling new lines of silver-brazed 
piping, not over 2 inches in diameter, s ufficient 
union fittings and union fitting valves should be 
insta lled to facili tate r epairs or a lterations. 
Union joints may become loose due to vibra tion, 
and IJ1ey should be checked for leakage at regu­
lar intervals. 

FLARE LESS FITTINGS 

FL-ireless fit tings (fig. 8-2) are suitable 
fo r use in hydraulic service and a i r service at 
a maximum operating pressure of 3000 psi and 
250°F . Flareless fittings a r e installed where 
their use will conser ve space, reduce weight, 
and reduce installation time and system clean­
ing time. Flareless fittings should not be used 
where there is insufficient space for proper 
t ightening of the nuts , or where any equipment 
or piping mus t be removed (or access to the 
fittings. One exception to this rule is a gage­
board that is designed so that it may be r e­
moved as a unit for repairs or alte ra tions. 
Flareless fittings should not be used where 
piping cannot be deflected easily to permit as­
sembly and d isassembly. 
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Sl.EEVE Oil '1CIOl.Ul8 

9S.34 
Figure 8-Z.-Typical nare!ess fitting. 

Before assembly, the tubing end must be 
square, concentric, and free of burrs. In order 
for tJ1e fitting to be effective, tlle cutting edge 
of t he sleeve 0 1· ferrule mus t bite into the 
periphc 1-y of tho tube; this is accompllshod by 
presetting U1e ferr ule on the tube using either 
the Jitting body lnte11ded ror inst.'lllatlon, or a 
presetting tool which bas tl1e same dimensions 
as the fitting body, and which is obtained from 
the manufacturer. The manufacturer's instruc­
tio11s should be referred to for the proper metllod 
of fitting nnd installing Clar eless fittings. 

CARE OF SALT WAT ER SYSTEMS 

Cast l1·on spools have given satisfactory 
service and protection against c:orrosion of 
tinned or bare copper and brass tubing; however, 
such spools have proved too vulnerable to shock 
and are not approved Cor service aboard com­
batant ships. These spools, as well as U1e zinc 
boxes lormerly found in piping systems, have 
been completely eliminated. A s pool or coppe r 
or brass, with a steel or i ron wnste sleeve 
inser ted, may be used . The waste Sleeve gives 
tl1e same protection against galvanic corrosion 
as would be obtained Crom the use or cast Iron 
spools, !'.Ind also provides a source oC waste 
maf€1·ial which Is not a strength member or 
the piping system. 

Piping 10 Inches in size and sml\llci·, used for 
salt-water service, should be of co11pe1·-nlckel 
alloy t\•blng. Where bends arc necessary tbey 
should be made hy cold bending. Brazed tube 
nttings :u-e used with this tubing. 

All tubing For salt-water service piping above 
10 inches In siz.c should be ol coppe1-. This 
tubing should be c03ted on the insi(!(l with wit>ing 
solder, gi-ade D. This application should l>e made 
after all forming and fabricating 01ierntions have 
been completed. Botll the inside "nd the outside 
of the tube must be cleaned thoroughly beiorc 
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the solder coat is applied. ParticularcareshOuld 
be taken to ensure that the solder CO:lt is or 
uniform thickness and that U1e1·c Is positive 
adhesion between the solder and the tube in tlle 
v icinity of the bends, b ranches , a1ld irr egular 
s hapes. Suitable holes may be cut In the Pitling 
at conve nic11t locations to p1·011ide access forlhe 
necessary tools. These openings should be patch­
ed, subsequently, and the solder coat made intact 
with a nusll surface on the Inside. 

In ferrous and nonferr ous piping systems, re­
placement should be made in kind; that ls, using 
the same material and protective coating as 
round in the remainder o f U1e system, witll the 
following exceptions: 

l. When maintenance wox·k becomes 
excessive on wrought iron p\pinp.- in (lush ing 
system1;, replacements may be made with cop­
per-nickel tubing. 

2. nepl:i.cemcnts of machinery salt- water 
service piping, 2 h1cbes and smaller, may be 
made with copper-nickel tubing when main­
tenance becomes excessive. 

3. Individual sections ol salt-wate1· piping 
may be replaced with copper-nickel tubing, by 
r epair ships 01· tender s, when svecirtcally 
authorized by the force commander. 

The Hre ol SALT WATER PIPING may be 
le11gthened b y operating the systems with mini­
mum practical wate r velocities; by eliminating 
grounds from electrical systcms,espociaUyd-c 
circuits; by eliminating air fl·om the salt water 
systems; by promptly correcting :iny leaks; by 
Insulating with sheet rubber the hangers which 
support piping other Ulan th:it made or wrought 
iron or s teel; and by eliminating wire-drawing, 
by fully opening valves wher e th rottling is 
unnecessa r y. 

PIPING REPAIRS 

Most llJ\val ships have all-welded main 
steam and feed piping. Welding-neck flanges 
with broad raised faces a1·e used in U1is type 
of instalbtion. A lap joint nip1)lc is often used 
with smaller piping. Tlle flange on a lap joint 
nipple swivels freely, racllitatlug lining up. 
Slip-on ll:\nges a1·e used with small piplng 
involving low pressur es and tcmpc1·atures. 
These flanges a re usua lly fi llet-welded. 

Brass fittings and valves suitable for naval 
piping a r e often supplied with :i sllve1· brazing 
'<lloy insert in U1e open end. When used wlth 
coppcr-nlck~l <'lloys and brass or co11perpipcs, 
the recessed openings are bored within close 
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tolerances to maintain predetermined clear­
ances. These t.ole rances provide a small clear­
ance area between t.he pipe and the fitting which 
will be entirely filled with silver brazing alloy 
upon completion or the brazed joint. 

Slip-on brass fitt ings not provided w\th alloy 
inserts or t.hreads are brazed to nonferrous 
pipe with t.he stick feed met.hod. The operator 
must be skillful in manipulating the torch flame 
to ensui·e t.hat the heat Is applied at tile proper 
point to cause the alloy to flow from the cooler 
to the hotter sections. 

Temporary Repairs 

Temporary Repairs may be made by simply 
~P,Cll>"ing a patch over t.he leak. The mate rial 
used for the paten depends upon the purpose 
for which the piping is used. A good general 
rule is to make the patch from tile same 
materia l that Is used for flange gaskets In t.he 
piping. The patch i s backed up with a piece of 
sheet metal and secured to the piping with 
bolted metal band clamps. 

Red lead putty w1·apped with canvas and 
served witll marlin or friction tape makes an 
excellent, easily applied patch for low-pressur e 
salt-water piping. A small leak In t.his type of 
piping often may be stopped by driving in a sort 
pine plug. The moisture wlll cause t.he wood to 
swell and remain in place. 

Po1·t1and cement patches can be cast in place 
and secured by the band method. Iron cement 
can be used effectively on iron or steel piping 
carrying low pressures. 

Figure 8-3 shows the details of a soft -patch 
device which can speedily be applied to r emedy a 
defect In practically any size of piping to be re­
paired. This (levicc has been tested on val'ious 
piping sizes ancl has successfully withstood pres ­
s ures up to 300 psi. 

Semipermanent Repairs 

Semipermanent rep~lrs of leaky piping sec­
t ions may be accomplished by serving the 
piping witll wire drawn on tightly, soldc1·ing or 
brazing it as It is applied. Several layers of 
wire secu rely bonded pr ovide a strong, t ight 
repair. 

A casting of soft metal may be formed 
around the piping. The section of piping should 
be removed and the leaks stopped with soft 
solde•". The piping should be placed in a ve1·­
tlcal position and filled with water above t.hc 
level of the leaks. A sheet metal mold made 

t ight with fire c lay should be placed com­
pletely around the piping at the leaks, and a 
molten mixture or a\•ailable soft metals (lead, 
babbitt, 01· zinc) poured Into Ule mold, The 
piping must be filled with water to prevent 
expansion when heated by the casting, and 
then pulling away from the casting when con­
tracting during cooling. 

Reshaping Dented Copper P iping 

Copper piping sections that have been 'badly 
twisted or mangled may be brought 'back to nor­
mal roundness and shape by the following p1·0-
cedure: First , weld or rough patch all breaks or 
cracks and anneal t.he complete section. Then 
mount the piping on supports and close the ends 
with blank flanges. Fill the piping wlth wate r 
under pressure of100to800psi. While the piping 
ls under pr essure rough out the high spots with a 
mallet or for ming hammer unt il t.he rounded or 
finished state has been achieved. This method 
may also 'be used on large seami.d piping. 

P IPING SAFETY P RECAUTIONS 

The following safety precautions should be 
taken whenever you work on steam or hot water 
lines. 

1. To prevent water rams, drain steam pip­
ing of water before admitting steam. 

Z. Before opening large steam valves, open 
bypasses to warm lines and eqtmiize p1·essures; 
If bypasses are lacking, "crack" the valves . 

... -----=- _ ........ 

A 

150.2 
Figure 8-3.--Soft patch for emergency 

r epair o( leaking piping. 
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3. Open trap bypasses whenadmlttingsteam 
to piping. 

4. When breaking a nange joint, par ticularly 
In steam and hot water lines or in those salt 
water lines which have a possibility of direct 
connection with the sea , special precautions 
should be taken to ensure that : 

(a) There is no pressure on the line. 
(bl The valves cutting pressure off the 

part of the Une undergoing repair are secured 
In such a maMer that they cannot be accident­
ally apened. 

(cl The line Is completely drained. 
(dl Two or the nange-secur lng nuts (clla­

metr lcn lly opposlte if posslble) remain in place 
while Uio others are being r emoved. Tho two 
remaining nuts should then be slacked sufficient­
ly to allow breaking the Jolnl. If the line ls 
clear, all the nuts may be removed. This pre­
caution Is necessary to prevent accidents such 
as scaldlng per sonnel or rtoodlng compartments. 

5. After remaking a 11team Jolnt, tighten up 
on the nuts according to presc1·lbed methods. 

6. Do not use piping ro1· handholds or root­
hOlds. 

7. Secure copper and brass piping free from 
contact with bilges. The brackets should be 
lined with electrical Insulating material to pre­
vent direct contact between piping and any or 
the ship's s t ructure. 

8. Take all app1·oprlate precautions to pre­
vent llre and explosion when cutting into lines 
or breaking joints In systems tllat have con­
tained flammable fluids. 

REPAIRING INSULATION 

Piping, machinery, and associated equip­
ment should be Inspected periodically for signs 
of broken, loose, or dam."\ged Insulation. The 
lnsulntlng materials to be used and the methods 
of application vary acco1·dlng to the service 
requirements. The following ln.lormation con­
cemlng the application :uid maintenance of 
Insulation ls general ln nature; for more specific 
details, see chapter 9390 (39), Bureau or Ships 
Technical Manual. 

When replacing Insulation after making re­
pairs to a piping system, use the same kind or 
Insulation that was used ln the o riginal lnstal ­
lntion. 

Insulate all flanges and fittings with rorms or 
Insulation that are easily removable. 

Fill and seal all air pockets and cracks In 
Insulating material. Insulating cement is gen­
erally used (or this purpose. 

Seal the ends or insulation a1id taper them 
orr to make smooth, airtight Joints. At joint 
ends and at 0U1er places where Insulation ls 
likely to be damaged, use sheet metal lagging. 
(NOTE: Lagging serves to protect the piping 
a nd personnel rrom warm lines and acts as an 
Insulation for tMt piping.) 

Do not allow Insulation or lagging to become 
damp. Moisture reduces Uie effectiveness or 
Insulating material and may cause It to de­
teriorate. 

VALVES 

Valves n1·e usually made or bronze, brass, 
cast or malleable Iron, or steel. Steel valves are 
either cast 01· forged , and are made or either 
plain steel or alloy steel. Alloy steel valves are 
used in high-pressure, high-temperature sys­
tems; the disks and seats or these valves are 
usually surfaced with a chromium-cobalt alloy 
known as Stc llltc. This mate.rial ls extremely 
ha rd. 

Brass and 1>1·011ze valves arc never used 
where temperature exceeds 550°F. Steel valves 
are used ror all services above 550°F, and In 
lower - temperature svstems where internal 
or external conditions or high prossu.re, vi­
bration, or shock would be too severe for 
valves made or brass or Iron. Bronze valves 
are used almost exclusively In Bystcms carrying 
salt -water. The se:its and disks or U1cse valves 
ar e usually made or Monet, a metal which has 
excellent corrosion-and erosion-resistant qual­
ities. 

TYPES OF VALVES 

Globe valves are so called because of the 
globular shape of their bodies. A true globe 
valve is a s top valve . The dlsk, which Is attached 
to the valve stom, scats agains t a rlngor seating 
surface and thus shuts o!f Uic flow of !luld. When 
the disk Is raised, fluid can pass U1rough the 
valve. Globe valves maybeusedpartlallyopencd 
as well as fully opened or fully closed. 

Globe valve Inlet and outlet openings arear­
ranged in several ways and are used to suit the 
requ irement or now. In the st raight type, the 
fluid inle t and outlet openings ar o ln line wlth 
each other. In the angle -type, the lnlctand outlet 
openings are at an angle to each 0U1er. Angle-type 
globe valves are mostcommonlyusedwhere it is 
necessary to make a oo• turn In a line. The 
cross-type of globe valve bas three openings. It 
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is frequently used in connection with bypass 
piping. 

Globe valves may be Installed so U1at the 
pressure Is either above or below the disk. 
Figure 8-4 (A and Bl shows pressure and tem­
perature above the disk, and pressure under the 
disk. The metllod al Insta llation Is 11overned , In 
each case, by cons ider a tion of the service 
condition. Clobe va lves mus t be Installed as 
specifled on the appropriate bluc1wl nt. 

Cate valves a1·e used when n sh·aighl-line 
flow of fluid Is desired. These valves operate 
on some what the same principle as globe 
valves, but llave a wedge-shaped gate Instead or 
a disk. Cate valves should never be used as 
throttling valves, Si.nee the flow Of fluid against 
a partlntly opened gate can cause extensive 
damage to the valve. 

The body of a plug valve 18 sha1>ed like a 
hollow cylinder. Holes or ports In the cylinder 
wall line up with the pipe In which tho valve is 
mounted. A solid cylindr ical plug or, ln some 
cases, a plug shaped llke a truncated cone, lits 
snugly In the hollow cylinder. The plug ls attached 
to a handle, with which U>e plug c.in be turned 
within tho cylinder. A passage ls bored through 
the plug. When U1e valve is In the open position, 
the passage ln the plug lines up wlth the Inlet 
and outlet port of the hollow cylinder, and fluid 
is thus permitted to now throurrh the valve . 
\.\'hen the plug Is tur ned crosswise In the cyl­
inder , t he solid pa r t of t he plug blocks the poxt 
and stops lhe flow of liquid . Three- and four­
way cocks which allow selection oC the routing 
of a fluid are usually variations of the plug valve . 

A piston valve Is a stop valve which may be 
thought of as a combination or a gate valve and 
a plug valve. The piston valve consists essential­
ly or a cyllndrical piston operating In a hollow 
cylinder. The piston is attached to the valve 

s tem, and U1e valve stem is attacl1ed to a band­
wheel. When the handwheel is turned, the piston 
is raised or lowered within the hollow cylinder. 
The hollow cylinder has ports In Its wall. When 
the piston Is raised, the ports are uncovered and 
the lluid Is allowed to pass through the valve. 

The tlghtnoss of this type or valve depends 
on the closeness or the flt between the p iston and 
the ins ide or U10 cylinde r . Some piston valves 
have nieta l rlngs on the pis ton; other types have 
fiber rings either on the piston or in the wall or 
the hollow cylinder. The fiber ring can be com­
pressed by an external take-up device, sothatit 
expands and U1us prevents leakage. 

Needle v3tves are stop valves th.'\t are used 
for making relatively fine adjustments 111 U1e 
amount or fluid allowed to pass through an open­
ing. A needle valve has a point with a long taper 
at the end of the valve stem. This needle acts as 
a disk. The longer part of the needle Is smaller 
Uian U1e orifice In U1e valve seat, and tlierefor e 
passes throurrh It before the needle seats. This 
arrangement permits a very gradual Increase or 
decrease In the size or the opening, and thus 
allows more precise control of now Uian can 
be obtained with an ordimry globe v~lve. 

Check valves are used where It Is neces­
sary to permit fluid to now in only one direc­
tion. A check valve opens when the pressur e 
on the inle t s ide Is greate r than the pressur e 
on the outlet side, a nd closes whe n the pres­
sure on the Inle t s ide is less tha n the pres ­
sure on the outlet side. Check va lves us ually 
open and close automatically although they 
may sometimes have a handle or a handwheel 
v.'hich may be used to lock the valve in a 
closed position or to limit the S\7.C Of the 
valve opening. 

Some valves f\lnction either as stop valves or 
as check valves, depending upon the position or 

150.3 
F!gu1·c 8-4.-(i\l PJ'l!SSure and te mperat\lr e above the disk. (Dl Pressur e under U1e disk. 
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the valve st em. These valves are known as stop­
check valves. The valve stem is long enough, In 
a stop-check valve, so that when It Is screwed 
all U1e way down it holds the disk firmly 
against Ute seat, thus preventing a11y now of 
fluid. In thls position, tlie valve acts as a s top 
valve . When the stem is raised, U1e disk can 
he opened by pr essure on the inlet slde. In this 
position the valve acts as a check valve to 
allow the now of fluid in only one dli·ection. The 
amount of Ute opening is controlled by the p0s\tion 
or the valve stem,andtheamountoffluld allowed 
to pass through the valve is thereby regulated. 

Relief valves are spring-loaded valves which 
may be set to open ata predetenntned pressu re. 

Heduclng valves a r e automatic valves which 
are used to provide a steady pressure lower than 
the supplied pressure. Reducing valves are used 

PISTON $TEAM POAT 

PISTON - - -.,. 

on gland seal lines, galley steam lines, heating 
system lines, and on many otJ1e1· reduced pres­
sure lines. A reducing valve can be set for any 
desired discharge pressure within che lim\t of 
the design of the valve. Alter the valve is set, 
the reduced pr essure will be maintained regard­
less or changes in the s upply pressure (as long 
as the supply pressure is at least as high as the 
desired delivery pressure) and regardless of the 
amount of reduced pressure steam that is used. 
Two general types of reducin.g valves are in com­
mon use: the spring-loaded reducing ''•Ive, and 
the pneumatic-pressure controlled (or gas­
loadedl 1·educing valve . 

The principal parts of a spring-loaded re­
ducing v1tlve (fig. 8- 5\ are (ll the malnvalve, an 
upward-seating valve which has a piston on top 
of its valve stem; (2) an upward -seating auxiliary 

_,.--ADJUSTING SPRING 

CONTROLLING OIAPHRAGM 

AUXILIARY VALVE 
SPRING 

47.59X 
Figure 8 -5. - Sprlng-loaded reducing valve, showing fluid now. 
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(or controlling) vall'e; (3) a controlling dia­
phragm; and (4) an adjusting spring. 

High-pressure steam enters the valve on the 
inlet side and acts against the main valve disk, 
tending to close tho m.'lin valve. However, bigh­
pressure steam ls also led through a port to the 
auxiliary valve which controls the admission of 
high-pressure steam to the top of the main valve 
piston. The piston has a larger surface area than 
the main va lvedlsk; therefore, a relatively small 
amount or high-pressure steam acting on the top 
of the main valve piston wlli tend to open the 
main valve and allow steam at reduced pressure 
to flow out the dlscha1·ge side. 

The controlllng dlaplu·agm transmits a pres­
sure downward upon theauxlliaryvalvestemand 
thus tends to open U1e valve. However, reduced 
pressure steam Is led back to the chamber be­
neath the diaphragm; tills steam exerts a pres­
sure upward on the diaphragm which tends to 
close the auxiliary valve. The position of the 
auxiliary valve, t.herefore, is determined by the 
position of the controlllng diaphragm. 

The position of the diaphragm at any given 
moment Is determine<! by the relative strength of 
two opposing rorces: (ll Ute downward rorceex­
erted by the adjusting spring: and (2) the upward 
force which ls exerted on the underside or the 
d iaphragm by the recl11ced pressure steam. These 
two forces a1·e contlnually seeking a state of bal­
ance; because of this, tho discharge pressure of 
the steam ts kept constant as long as the demand 
for reduced steam 11sod ts kept within the capacity 
or the valve. 

Figure 8-6 shows the construction and indi­
cates U1e manner or operation of a pneumatlc­
pressure-controlled reducing valve. A rubber 
diaphragm is Installed ln Ute mlddleofthedome. 
The bottom or the diaphragm Is separated from 
the bottom half of the dome by a fixed-seal plate. 
The area Immediately above the diaphragm com­
municates with the upper part of the dome through 
holes in the shrouding. The upper half or the 
dome carriefl • level Of water for sealing; the 
lower hall or the dome carries a level of glyc­
erine ror Sl'aling. The area above the glycerine is 
charged with air which exerts a downwar d pres­
sure on the glycerine nnd forces some or \t to go 
up the tube toward the dlaphra~m. 1'h\s pr essure 
causes tho dlaphi-agm to move upward , and s ince 
the steam of the valve ls ln contact with the dia­
phragm, the upward movement Of thedlaphragm 
causes the valvo to open. When the valve is open, 
steam c;in pass lhrough. 

From the outlet connection, an actuatingline 

leads back to the upper part of U1e dome, In the 
manner shown In figure 8-6. Steam at the re­
duced pressure is thus allowed to exert a force on 
the top o! the w.tter seal; U1ls fo1-cc ls transmitted 
through the "'"'ter and tends to move the dia­
phragm downward. When the pressure of steam 
from the actuating line exceeds the loodlng air 
pressure In Ute lower half or the dome, the dia­
phragm moves downward sufficiently to close the 
valve. The closing of the valve reduces the pres­
sure o! the steam on the discharge side or the 
valve. When the pressure on the outlet side o! 
the valve ls equalto the air pressure In the lower 
half or the dome, the valve takes a b.•lnnced posi­
tion which allows the passage of su((lclentstcam 
to maintain that pressu1·e. 

tr the steam load Increases, tending to t.'lke 
n1ore steam away from the valve, Ute outlet 
pressure will be momentarily reduced. Thus, the 
pressure or steam on top or the diaphragm be­
comes less U1an the pressure or air below the 
diaphragm, and the valve then opens wldPr to 
restore the outlet pressure to normal. If the 
load Is reduce<!, it causes a momentary In­
crease ln outlet pressure, and this In turn 

ST!A\1 
INllZT 

tl lPHON rvee 

Gl..YCIAIH ll: SIA!.. 
PILI.ING 1•1.UC 

. I 

R€0tJC!O 
PA!t!OURC. 

STCAM 

COOl,ING 
r1N$ 

I\. 323 
Figure 8-6.-l'neumatic-pressurc-con­

trolled reducing valve. 
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increases the pressure on top or the diaphragm 
above that of the air pressure below It, causing 
the diaphragm to be dls(llaced downward. The 
outlet p1·cssuro is again resl.ored. 

Thus, theor etically, lhe valve should deliver 
a steam pressure equal to t he n\r pressure 
pumped into the lower half or the dOmP., Row­
ever , since the valve Itself l\as weigh! and is 
equi pped with a light spring which tends to clos e 
tile valve, it Is neccss:try to Introduce s lightly 
•more a ir pressur e than is tl\eo retlcally requir ed. 
For the higher pressure valve, abOut 10 psi 
additional air pl'ess11re ls required. rr air Is 
pumped in when the va lve Is cold, slightly less 
air pressure will be needed because the air pres­
sure will Increase sllghtly when the valve is 
'\\"arn1ed up. 

The copper shroud exlcndlngoutslde the dome 
from the center flange appears only on the high­
pressure valve. It Is Ins ta lied lo allow ror trans­
mission of heat from Uie upper 11:\H of the dome 
to the atmosphere and to koep heatrrom passing 
into the lower half, where It niay cause an 
excessive rise In the nlr pressure. 

When the reducing valve Is belnft put into op­
eration, the discharge valve should be 01~ened 
firs t. Then if the p1·ope1• air pl'e'lsure ts in the 
dome, the inlet valve should be opened slowly, 
allowing the va lve to heat up. The val ve in the 
actuating line rmist be opened. It will be dHflcult 
to get thes" valves on the line unless some steam 
is being bled away lrom the dischar ge . It is 
desirable to have some steam leaving the va lve 
when cutting it In. 

Constant-pressure (lump i:overnor s operate 
on muclt tile same principle as spring-loaded 
reducing valves. There Is, however, one impor­
tmt difference between U1e pump governor and 
the regular reducing valve. In the reduciflJ:valve, 
the reduced-pressure steam on the discharge 
side is used to exert an upw:trd pressure on the 
diaphragm and so maintains !I const.1nt reduced 
pressur e in the disChat'ge line. In the constant­
pressure pump governor, the discharge pressure 
of the pump fratheJ" tllan U10 dlsch:i.rge pressure 
of the steam) performs Oi is runctlon. The p1tmp 
dischar ge pressure Is the1·efore kept constant, 
because this pressur e l'O(!'ul~tes the flow of 
steam to the pump t urbine. It is lmpoi·tant to 
note that the pressure o( the s team on the dis­
char ge s ide of the governor is not constant, but 
varies as necessary to keep the pump discharge 
pressure constant. 

A constant-pressur e pump governo1· for a 
lubl'icating oil service pump ls shown in figure 

8-7. The governors used on fuel oil se1'\•ice 
pumps and on main feed pum11s are of the sanie 
type, excepl U\al tho 11lze oftl\eupperdiaphragm 
and the amount of sprlnf( tension differ on gover­
nors used £01· dtrrerent sel'v lces. 

The adjusting sprlnl)' exe i·ts pressur e down­
wa1·d on the upper d laphrngm Uirough a cross­
head and mushroom ari•angoment. When ther e is 
no pump discharge twess m·o, the sp1·ing forces 
the uppe r d iaphmgni and Uie upper c rosshead 
down. A pair of rods connects the uppe r cross­
hcad with Ute lower CrOM!lhead so tt\at the lower 
crosshead ls moved down with the upper. When 
this happens, the lower diaphragm is pressed 
downwai-d by the lower mushroom and the au.'<­
iliary valve disk is forced open. The auxiliary 
valve is always supplied with stean1 from the 
inlet side otthe governor. and when the auxiliary 
valve iS open, steam passes through a port to 
the top of the 01>eratlng piston. TI1e steam pres­
su1·e on the to1> or tlle operating piston forces it 
downward and opens tlie main valve, Uterebyad­
mitting more s team to the pump and increasing 
the speed of tile turbine. 

The inc1·ease<l s 1>eed of Oie turbine ls re­
nected In a11 lncl'eased d\schn1.·ge pressure fl'om 
the pump. Thls 1>reasur c ti; exerted against Uie 
under s ide of the uppe 1· diaphragm through an 
actuating line. When tho for ce below the dia­
phragm is greatc1· Oi:m the force 1·ep1·esented by 
the tension of the adjusting spring, the diaphragm 
is for ce<l upwa1·d. This c:auses n J'eduetion in the 
size of the auxlll:\l'y valve opening and allows 
a sp1·1ng to sta.rt closing tl1e ma in valve against 
the now reduced pressur e on the operating piston. 
W!:1'n the main valve s tarts to close, the steam 
supply to the turhhte I.: reduced, the pump 
is slowed, and the dlschar·ge pr essure is de­
creased. 

steam from tho main vah•e outlet is led 
through ports lo chambers above and below the 
sealing diaphragm. A needle valve and a surge 
chamber ue used to delay :\lld minimize the 
effects or the main valve out lel pressul'e changes 
upon tl\e pressur e :ibove tile sealing diaptu·agin , 
thus serving to dampen cxccsslve reactions of 
the auxiliar y v11lvc to variations in pump dis ­
charge pressur e. 

With the unit un<ler cons tant-load conditions, 
tile operating piston t.1ltes n posltlon which holds 
the main valve open by the t•equired amount. A 
change in load condit ions 1·osults In momentar y 
llunt ing by the governor, untll It finds the new 
position requl1·ed to m:ilntaln pressure at the 
new load. 
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38.90 
Figure 8-7. -Constant-pressure pump governor. 

Two adjustments are requir ed on the con­
stant-pressure pump governor: (1) U1eadjusting 
screw must be set to regulate the discharge 
pressure or tJ1e pump; and (2) tile needle valve 
must be set to minimize hunting. The adjustments 
of the needle valve should be made while the 
pump ls operating under a light load at normal 
dlscharge pressure. 
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The constant-pressure pump governor may 
be set ror either automatic control or manual 
control. Under normal operating conditions, the 
automatic setting is use(I. When it is desir ed to 
control the pump manually, the valve stem below 
the maln valve must be set to hold t he main valve 
fully open. In this postion, the valve allows a full 
flow of steam to the turbine, and control or 
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turbine speed mus t, therefore, be achieved by 
means or hand throttling. 

MAINTENANCE OF VALVES 

Valves, like other units of equipment, re­
quire r>roper care and maintenance. Valve 
troubles should be corrected as soon as pos­
sible. 

Internal valve leakage is generally a result 
of the disk and lhe seat falli11g to make a tight 
joint; and this failure may be due to one of the 
following causes: 

1. Foreign substances (scale, d irt, waste, 
or heavy grease) are lodged on U1e seat In such 
a way tlmt the disk cannot be seated. If the ob­
structing material cannot be blown through, the 
valve wlll have to be opened and cleaned out. 

2. Scoring of the seat or d isk Ms been 
caused by attempts to close the valve on scale 
or dil·t, or by corrosion. If the damage is 
slight, the valve may be made tight by gr inding 
the disk together with the seat; ii the damage 
is extensive , a cut wl!l have to be nmde on the 
disk, and the valve seat ring may have to be 
renewed before it is gi·ound. 

3. The disk may not seat properly because 
of a bent spindle guide, or a bent valve stem. 

4. The valve body or disk may be too weak 
for the pur pose for whicll it is used, causing 
d istortion of the valve seat or dlsk under pres­
sure. 

5. In bronze valves fitted with seat rings, 
leakage through the valve may occur as tile re­
sult of leakage around the threads of the seat 
rings. To cor rect this defect, 1·emove the seat 
rings, clean the thr eads, and remake the joint. 
It may be necessary to recut the threads in the 
valve and to renew the seat ring to secure 
tightness. 

6. Leakage may be caused by a loose valve 
disk. When a valve disk comes loose from its 
s tem, tho cause is either fa ilure of the secur­
ing device o r co1·roslon through the stem. The 
(irst cause is infreq\lent in valves of good con­
struction, and recurrence of the failure can be 
prevented by minor adjustments or by greater 
care in reassernbling valve parts. 

Co1-rosion or U1e valve stems occurs mostly 
to valve~ Installed in salt water lines. Stems 
which have shown signs of conosion should be 
inspected periodically so that replacement can 
be made before (allure occurs. Replacements 
should be made with rolled Monel-metal stems. 
ln order to pr event failure caused by corrosion, 

s1>lit pins used in valve d isks in the waterlines 
sho\1ld be of nickel-copper alloy instead ol 
Iron, steel, o r brass. 

When a valve is disassembled tor repairs, 
there are several steps that must be takM to 
ensure that the valve wlll be in pr oper condi­
tion when it is r eassembled. 

During d isassembly every precaution should 
be taken to prevent damage to gasket surfaces 
aud each part or the valve. When U1e valve Is 
disassembled, all parts should be thorougllly 
cleaned and inspected for excessive wear . 
Seating surfaces should be inspected to deter­
mine whethe1· lapping, grinding, or machlnlng 
is 1·equired to resto re them to a tight rtt. Cas­
ket S\lrfaces may be corroded or steam cut. 
The stem must be carefully checked (ll for 
straightness, (2) where t.he packing fits, and 
(3) at the threaded section. 

I( the seating surface has become bnd lycor ­
rocted or is so deeply scored tl1at excessive 
lapping would be r equired to r emove the dam­
aged ar eas , machining will be necessary. A 
r eseating machine may be used. The pr oper 
size cutter must be \lse<I tn the reseating ma­
chine and light cuts must be taken until tl1e 
damaged areas ar e 1·emoved. If the seating 
s urface Is made from a metal that Is too hard 
for a re~eating machine to cut , the work will 
have to be done in a lathe . 

Alter the machining is completed, tJ1e seat 
should be lapped to ensure that it will have the 
smoothest possible {lnish. The lap must be of 
the exact same size and shape as the valve 
d isk so tJ1at the valve seating sur face will be 
true. For more information on lapping valve 
seating surfaces, r e(er to the manufacturer's 
technical manual for the specific unit. 

An inspection should be made of tJ1e disk 
seating surface to determine wheU1er lapping or 
machihing will be r equired for r econditioning. 
If mach!nh1g is r equired, light cuts should be 
taken until the damaged areas are removed. Ir 
excessive wear or severe pitting hns taken 
place, the machining r equired to remove the 
damage may Ix; extensive enough to warrant 
installing a new disk. 

Reassemble the valve using new gaskets aud 
packing. Be sure tlmt a ll pa1·ts move freely as 
assembly progresses. Do not tighten the pack­
ing nut more than is necessary to prevent ex­
cess ive leakage. 

In any instance where new pa..ts are re­
quired for a valve, U1e material must be the 
same as was in the original pa1·ts. 
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Pressure Reducing Valves 

There are several types of pressure r e­
ducing valves installed on Navy ships . The most 
common types are the pneumatic r educing 
valves and the spring-loaded reducing valves. 
Some of the maintenance procedures for these 
valves are discussed in the following pa rag1·aphs. 

PNEUMATIC REDUCING VALVES.-The 
most probable causes of e r ratic operation of the 
pneumatic reducing valves are incorrect pres­
sure in the loading dome or an accumulation 
of dirt or other foreign matter on the surface 
of the moving parts. The condition of improper 
load ing pressure is easily remedied by increas­
ing or decreasing the pressure of the gas or :Ur 
to maintain the proper outlet pressure. 

If the cause of improper operation is the 
presence of dirt or otJ1er foreign matter, tJ1e 
only r emedy is to disassemble the valve and 
clean all parts. The valve may be disassembled 
in place, or removed from tJ1e piping and dis­
assembled. When the valve is disassembled, 
clean all parts with an approved solvent and a 
bristle brush or soft clotl1. NEVER USE AN 
ABRASIVE MATERIAL TO CLEAN VALVE 
PARTS. If the usual cleaning methods will not 
remove hardened deposits of oil or other for­
eign matter, the part may be cleaned by scrap­
ing with a sharp tool; extreme caution is neces­
sary to prevent damage to the surface finishes. 
Particular attention rnust be given to cleaning 
all guide surfaces, to ensure that all moving 
parts will move freely without binding. 

Another possible source of trouble is leak­
age around the seating s urfaces of the disk and 
seat ring and the jo int between the seat ring 
and the body. Ir leakage occurs at these points 
the valve will not operate p1·operly. A careful 
inspection must be made of these surfaces and 
if leakage is present, the seat ringanddisk may 
be reconditioned by lapping or grlndlng. If tJ1e 
joint between t he seat ring and the body is 
leaking, a new seat ring must be installed. 

All parts must be inspected for excessive 
wear; pay particular attention to the valve 
spring and the diaphragm spring. ll eitJ1er is 
broken or permanently set, a new sp1·ing must 
be installed. 

When the valve is reassembled and in­
stalled, it sho\1ld be tested by opening the out­
let valve and cracking the inlet valve to thor­
oughly warm up the vah•e. The dome should be 
pressurized with air or g'lls to about 10 psig 
more than the desired outlet pressure. 

SPRING- LOADED REDUCING VALVES.­
Failure of the spring-loaded reducing valve 
can usually be traced to one or more of the 
following causes: 

1. Ruptured diaphragm. 
2. Leakage through the disk seat or seat 

i·ing threads. 
3. Ports stopped up with dirt or other 

foreign matter. 
4. Grooves in the bore of the sleeve. 
5. Cup leather leaking. 

In the event the diaphragm ruptures , tl1ere 
will be no control over the flow of liquid 
through the valve. The diaph1·agm can be i·e­
newed without removing the valve from the 
piping system. 

All tension must be taken off the adjusting 
spring, and then the diaphragm nuts can be re ­
moved from their bo1ts. Next the spring cham­
ber can be lifted off the valve body. Thls pro­
vides access to the diaphr agm, which can be 
r emoved, then a new one can be installed and 
the valve reassembled. The diaphragm should 
always be renewed when there Is lndicatlon of 
deterioration. 

At any time that disassembly of the valve is 
necessary, all parts of the valve should be 
cleaned and inspected ror excessive wear. 
Cleaning should be done with an approved sol­
vent and a soft brush. 

Particular attention should be given to clean­
ing the guide surfaces between the seat ring and 
wing guides and to tl1e guide sur faces of the 
sleeve. 

The seating surface of the seat ring should 
need little repail· but in the event lt is scored 
or otherwise damaged, it should be lapped in, 
using the same process as described for other 
valves. If the damage to the seating area is 
excess ive or the bore is badly worn, a new seat 
ring should be installed. 

If there are signs of deterioration of tl1e 
disk seat, it should be renewed. If a new disk 
seat is not available, turning the seat ove r will 
provide a new seating surface; however, this 
should be considered as a temporary repair, 
and a new disk seat should be installed as soon 
as it is available. 

If the cup leather shows signs of leaking or 
deterioration, it should be renewed. The bore 
of the sleeve should be inspected for excessive 
wear or corrosion. If there ls excessive dam­
age to the sleeve, it should be renewed. If the 
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sleeve Is only slightly damaged, the damage 
can be corrected by machining the surface In a 
lathe. Use extreme care to ensure Uiat the 
bore Is concentric, has a smooth finish, and is 
not enlarged to the extent that leakage wlll oc­
cur when the cup is installed. 

Relief Valves 

Relief valves are i nstalled on piping and 
units of machine ry where excessive pressure 
may build up and damage equipment or en­
danger personnel. Relief valves are set to lift 
at the proper pressure by Increasing or de­
creasing the tension on the spring. 

Failure of the valve to function properly is 
usually due to an incorrect selling of Uic spring, 
leakage between the disk and seat, leakage 
uound the threads of the seat ring, cocking of 
the disk or stem, or an accumulation of dirt or 
other fore ign 1m1tte r around the working parts. 

In most Instances, t•e lie( valves may be dis ­
assembled in place or they can be removed 
from the piping, when repairs are necessary. 
The first step in disassembling a relier valve 
is to release au tension on the adjusting spring. 
This is accomplished by loosening the locknut 
and then loosening the adjusting nut. {Some r e­
lief valves a r e fitted with a test lever which 
must be removed before the spring tension can 
be released. ) The top assembly can be r e­
moved by either removing the nuts 011 the yoke 
bolts or by llllSc•·ewi ng the top assembly from 
the bocly Of the valve (depending Oil the con­
struct(Oll of the valve). The d isk can then be 
removed and the seating surfaces can be in­
spected. The seating surfaces can be recon­
ditioned by lapping, grinding, or machining in 
the same manner as would be done with a globe 
valve. 

All surfaces used for guide purposes should 
be Inspected for burr s or 0U1er derccts which 
may lnte1·fere with U1e free movement of the 
working parts. Parts which ar e worn exces ­
sively, ar<J bent, or a r c in any wny unfit for 
fu11he1· se rvice must be replaced. When It is 
necessary to replace parts, U1ose supplied by 
Ute manufacturer should be used, It obtainable. 

When a relief valve has been overhauled, It 
is generally tested for leaks before installing 
it in the piping system or on a unit or machin­
ery. It ls far more practical to mount the valve 
on a test stand (if available) and conduct a 
hydrostatic test and then set the relieving p1·es ­
sure :ti the desired amount, than It Is to test 
it a!te1· ins tallation. 

On some relier valves, an adjusting rlng has 
been provided so that blowdown (reseating 
pressure) as well as the relieving pressure can 
be adjusted. The position of the ring may be 
raised or lowered in relation to the disk, by 
removing the adjusting r ing setscrew and mov­
ing the ring to the desir ed position. Raising the 
ring will increase the blowdown pe1·lod and 
lowering the ring wUl decrease the blowdown 
period. 

Constant Pressure Governor Maintenance 

The following paragraphs deal with mainten­
ance of constant pressure governors. For more 
complete details on oper ation and mMntenance 
of these governors, consult the manufacturer's 
tecbnlcal manual. 

The most common cause of \mproperopera­
lion o r these governors is dirt or other fore lgn 
matter being carried into the governor and In­
terfering with the operation of the moving parts. 
The only remedy Is to disassemble Uie governor 
and Utoroughly clean all parts. 

Failure of the governor to pr<lperly reg\llate 
the pump discharge pressure may also be 
caused by one or more of the following reasons: 

1. Leakage around the seating surfaces of 
tl1e control valve, the main valve, or the threads 
of U1eir r espective seat rings. 

2. A main valve spring or a co11trolling 
valve sp1·ing th:tt is broken, is weak, or that 
has taken a permanent set. 

3. A broken, cracked, or excessively de­
formed dlaphragm. 

4. Improper adjustment of the needle valve. 
5. Too little or too great a clearance be­

tween the control valve and Its diaphragm. 
6. Clogged ports in the diaphragm chamber. 
7. Binding of any moving parts . 

This Is not a complete list or r easons for 
failu1·e or consurnt pressure govel'nors, but It 
does cover the most common causes. 

REMOVING FOREIGN MATTER.-When a 
constant pressure governor acts slugglshly or 
erratically because dirt or other foreign matter 
is interfering with the free movement or work­
ing parts, the governor must be completely 
disassembled , and all par ts cleaned. The manu­
facturer's teclmical manual gives a step-by-step 
p1·ocedure ror d isassembly. E><trc1ne care must 
be taken In the removal of all parts, and in the 
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cleaning. The parts may be cleaned with an ap ­
proved solvent and a soft brush . If this cleaning 
method fails to remove hardened deposits, a 
sharpened tool may be used with extreme 
cautlon. 

CYLINDER LINER-Particular attention 
should be given to cleaning the scat for the 
cylinder liner. The cylinder liner must fit 
l>roperly to l>l'event it from projectlng above the 
body flange . The bore of the main valve guide 
must a lso be carefully cleaned. As each part is 
cleaned, it should be carefully inspected for 
excessive V.'ear. If it ls necessary to renew -parts, 
use only parts furnished by the manufacturer. 

CON1'ROL AND MAIN VALVES.-If there 
is leakage through the contt·ol valve or its 
bushing, steam will (low to tl1e top of the main 
valve, and hold it open, even though the r e is ·no 
tension on the adjusting spring. The main valve 
must be able to close off completely or else the 
governor cannot operate properly. The only 
remedy for this situation is to disassemble the 
govemor and stop U1e steam leakage. In most 
instances, the control valve inust l>e renewed. 
IC the leakage is through the bottom o£the bush­
ing and its seat, the seat must be lapped. A cast 
h·on lap ls best for U1is type of work. 

The lap s hould be rotated through a small 
angle of rotation, lifted from U1e work occa­
sionally, and moved to a new pos ition as the 
work progresses. This will ensure that the lap 
will slowly and gi·adually rotate around the en­
tire seat circle. Do not bear down heavily on 
the handle of the lap, and take particular care 
not to bear sideways on the lap. Replace the 
coinpound often, usin~; only clean con1pound. 1£ 
the lap should develop a groove or cut, re­
dress U1e lap. Lapp ing should never be con­
tinued longer than is necessat·y to remove all 
damaged areas. 

When you are installing the cont rol valve 
and its bushing, remember that the joint be­
tween the bottom of tJ1e bushing and !ts seat is 
a metal-to-metal contact. The bushing must be 
installed tightly; and when it is an the way down, 
the wrench should be tapped lightly with a ham­
mer, to ensure a steamtight joint. 

When the controlling valve is installed, the 
clearance between the top or the valve stem and 
the diaphragm must be checked. It is abso­
lutely mandatory that U1is clearance be between 
.001 and .002 inch (rig. 8-8). If the clearance 
is less than .001 inch, U1e diaphragm will hold 

the control valve ope11, allowing steam to flow 
to the main valve at any time U1e throttle valve 
is open. If the clearance is more than. 002 inch, 
the diaphragm will not fUlly open U1e control 
valve-which means U1at the main valve cannot 
open fully, and the unit cannot be b1·ought up to 
full speed and capacity. 

In the event the main valve seating area is 
damaged, lt must be lapped in by the same 
process. AL,WAYS lap in the main valve with 
the piston in the cylinder liner to ensure per­
fect centering. 

If the damage to the seating surfaces is ex­
cessive, new parts must be installed; use only 
parts supplled by the manufacturer , if available. 

TOP CAP.-In the event the top flange of the 
top cap becomes damaged, extr eme care must 
be taken in machining i t. The nlanufacturer 's 
technical manual must be consulted for the 
correct clearances. (See fig. 8-8. ) All seating 
surfaces must be square with the axis of the 
control valve Se>it threads and must have the 
smoothest possible finish. Befor e the r eassem­
bly is started, a ll ports in the top cap and d ia­
phragm chamber must be free of dirt or other 
foreign matter. A check should be made to en­
sure that the piston rings are free in their 
grooves. The cylinder liner must be smooth 
and £rec of g rooves, pits, or rust. 

When installing the cylinder liner, make 
certain that the top of the liner does not extend 
above the top o[ U1e valve) body. The pis ton 
must wor k fr eely in the liner ; if there \s 
binding, the governor wlll 110t operate satis­
factorily. The controlling valve spring and the 
n1ain valve spring should be renewed if they are 
weak, broken, or cor roded, or if they have 
taken a permanent set. If necessary, renew all 
diaphragms; if the old diaphragms are used, 
they should be rever sed. 

The instructions in the manufacturer's tech ­
nica l manual should be followed in reassem­
bling the governor. All clearances must be as 
designed if the governor is to operate satis­
factorily. Each moving part must be carefully 
checked to ensure freedom of movement. 

When U1e gover nor is reassembled, itshould 
be tested as soon as possible so that co rreC·· 
t ions, if necessa ry, can be made. 

Inspection of Sea Valves in Drydock 

When a ship is in drydock, the engineer 
officer should see U1at a ll outboard valves a r c 
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96.35 
Figure 8-8. - Important points in cleaning and reassombllng a top cap assembly. 

inspected ancl entries made In the engineering 
Jog. The Inspection must include the following: 
yoke, yoke rods, securing bolts, and internal 
valve parts (stem, disk, disk securing device, 
tightness or valve, and the threads or U1e valve 
stems or the main Injection and overboard dis­
charge gate valves). 

On each outboard valve, at least two or the 
bolts holding the valve to the sea stool should 
be removed and inspected. The other bolts 
should bo sounded wiU1 a hamme r. If any bolt 
is defective, all the bolts of that valve must be 
removed £or Inspection. In addition, U1e gaskets 
should be Inspected, and renewed If necessary. 

When sea gate valves are assembled, the 
gate should be In the haH-open position before 
the bonnet bolts are tightened. This ensures 
that U1e guides in the valve bonnet align prop­
erly with the i:uldes in the valve body. 

REMOTE-CONTROL OPERATING GEAR 

Remote-control operating mechanisms for 
emergency pm·poses are installecl at various 
control points outside the space where the 
valves are located. In addition, there arc 
remote-control mechanisms fo1· other than 
emergency purposes; these mechanisms are 
generally located at operating stations. On 
board Ship, there are generally three types of 
remote operation: (ll manual, (2) hydraulic, 
and (3) lllleumatic. 

Remote opcl'ating gear is Installed topermit 
operation of valves fr om r emote control points 
when the compartments within which the valves 

are installed are untenable. For this rcnson it 
is impe1·atlve that these valves and their ope1·a­
ting gear be kept in the best possible mechanical 
condition. 

All remote operating gear should be lubri­
cated and valves operated through their full 
travel from remote control points at least once 
each week. This inspection, if not already in­
cluded, should be Incor porated in the weekly test 
and inspection sheet. 

Flood valve and steam smothering system 
control valve operatlng gear shou ld be Inspected 
in accordance with specific instructions. 

Steam smothering system control valve 
operating gear should be operated through the 
full valve travel at the same time that the steam 
smothering system is undergoing Its periodic 
test. 

II the remote control gear jams as a result 
of structural damage, an immediate h1spect1on 
should be made or the installation, to determine 
the advisability of disconnecting the gear at 
the valve. Any deficiencies located during this 
inspection should' be corrected as soon as 
possible. 

APPLIANCES FOR PIPING SYSTEMS 

lmPortanl components or piping systems, not 
covered previously In the chapter, are: strainers, 
steam traps and drains, mete1·s, expansion 
points, and steam whistles. Information concern­
ing maintenance and repair of suclt appliances 
is given In the paragraphs which rollow. 
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STRAINERS 

Strainers are fitted in a ll 1>iping lines to 
prevent passage of for eign matter which may 
obstruct pump or throttle va lves, or damage 
machinery parts to which piping ls connected. 
Strainers a re Installed so that the flow Is into 
and through the perfor ated bas ket . ln some 
places, such as the forced lubrication and fuel 
oil lines, a duplex st1·aine r is Htted so tl1at tlie 
flow is not interrupted when closhigone strainer 
for cleaning. The valves or plug cocks should 
be marked to indicate the direction or flow and 
arrantted so that both strainers cannot be closed 
orr at the same time. 

The Installation of strainers in suction lines 
to the main lubricating o ll pumps and the fuel 
oil se rvice pumps has been discontinued in new 
install~tions. 

Figure S- 9(Al Illustrates a common BILGE 
SUCTION STRAINER This strainer is located 
in the bilge pump suction line between suction 
manifold and pump. Any debris which enter s 
the piping will collect ill tl1e strai11er basket. 

The basket Is removed for cleaning by loosening 
the strong-back screws, r emoving the cover, 
and lifting out the basket hv , it~J•andlP._ '.l'br.se. 

strainers should be c leaned, in accordance with 
pr escribed Instructions, at least every 24 hours 
while in port, and every 4 hours while under 
way. 

figure 8-9(B) illustrates a. DUPLEX OIL 
STRAINEn, used ordinarily in fuel or lube oil 
Hnes, where it is important that an uninte rrupted 
flow be maintained. The now may be diverted 
from one strainer basket to the otJ1er, while one 
is being c leaned. The shutoff device works 011 the 
principle or a four-way cock. 

Figure 8-9(Cl Illustrates a MANIFOLD 
STEAM STRAINER. This type or strainer is de­
sirable where space is limited , since it elimi­
nates the use or separate strainers and their 
fittings. The cover ls located so that the strainer 
basket can be easily r emoved ro1· cleaning. 

A clean SPARE STRAINER bnsket o( correct 
size (pla inly marked or tagged) should be kept 
convenient to eacll straine1· loc!ltlon. If the re­
moved basket is heavily encrusted with foreign 

BASKET 
STRAINER 

4 WAY PIUS COCK B oumr FLING! 

TO PUMP~~ 
SllCTIOK 

A 

F igure 8-9. - (A) Bilge suction stra lner. 
(Bl Duplex oil s trainer. (Cl Manlfold s team strainer. 
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matter, clean the strainer with a steam jet OI' 

boil in a boiler compound solution. 

STEAM TRAPS AND DRAINS 

Steam traps must be located below the low­
est point to be dra ined and should be placed so 
as to be easily accessible for inspect ion and 
repair. A trap must ha\•e sufficient capacity to 
handle the maximum quantity of condensate that 
will reach it at any time. 

Steam t raps a r e installed in steam lines to 
remove condensate. All steam t raps consis t of 
a valve and some device or arran!l;<jment which 
will cause the valve to open a;1d close , as 
necessary, to drain the condensate from the 
line without a llowing the escape of steam. A 
trap that bas been functioning properly can be 
overloaded if additional drains are led to lt as 
a result of piping a lterations. 

Types of Traps 

The four types of traps used on naval ships 
are: (I) thermostatic traps, (2) ball-Hoat or 
open-bucket traps, (3) impulse t raps, and (4) 
continuous now traps (without moving parts). 

THERMOSTATIC TRAPS. These are light­
weight types of traps of compact design. The 
discharge through the thermostatic t rap is 
cont.rolled by expansion of vapor from a vola­
tile liquid enclosed in a bellows- type e lement. 
These traps are primarily used for d raining 
heating systems and auxiliary exhaust dra in 
lines. Use is limited to pressures under 100 

CAP 

SKl[LO 

• (a) TRAP COLO: VMVE OPEil 

RC PLACEABLE 
HCRM[TICAUY 
SCM!O BCllOWS 

psi gage. Inasmuch as this type trap r equir es 
a temperature differential of 10° to 30°F, a 
length of pipe is required for cooling, between 
the unit drained and the trap, A thermostatic 
steam trap is shown in fi1?,11re 8-10. 

BALL-FLOAT OR OPEN-BUCKET TRAPS. 
Compared with the thermostatic or pulsating 
types, these traps are larger, \Vetgh more, 
and have additional working par ts. The ball­
noat trap is occasionally used where the work­
ing pressur es do not exceed 100 psi. The 
inverted bucket traps are suitable for au 
services and pressures. 

IMPULSE TRAPS. These traps are suit­
able for all ser vices where the discharge 
pr essure is not mor e than 25 pc1·cent ol the 
line pressure. They are very compact but 
have a definite steam leak when the condensate 
increases. 

CONTINUOUS FLOW TRAPS (WITHOUT 
MOVING PARTS\. These traps ar e su itable 
\vher e condensate forn1ation is continuous and 
relatively constant. With a la1·ge reduction in 
condensat e, the swam leakage may be too gr eat 
for the system. These traps should not be used 
wher e s lugs or water a re developed. 

A strainer, installed ahead of each steam 
tl·ap, must be kept clean and in good condition 
to pr event scale or other foreign matter from 
getting into the trap itself. If the trap valve 
does not open or close properly, the difficulty 
is pr obably due to scale clogging the control 
orifice, the ori fice in the valve seat, or the 
space between the flange and the cylinder. 

• (b) TRAP HOT: VAIVC CLOSED 

11. 326X 
Figure B-10. - 1'hermostatic steam trap. 
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If either the cylinder or the dlsk IS d:unaged, 
the complete unit should be replaced. Replace­
ment of either part separately mlght result in 
improper clearance between the flange and the 
cylinder. 

lne£Ciclent Operntion of Traps 

The principal causes of faulty operation, 
and U1e l'eJl'led ies, are: 

1. PUNCTURED FLOAT OR BUCKET. 
Remedy: Repa ir leak. 

2. WORKING PARTS ADRIFT. Remedy: 
Secure the parts in place with additional 
securing devices to prevent repetition 
of the trouble. 

3. VALVE DOES NOT SEAT PROPERLY: 
(a) Remedy: Use tile band tripping de­

vice, if provided, to dislodge any 
dl1·t or scale caught under the valve. 

(bl Remedy: Break the trap down and 
clean it. 

4. AIR-BOUND. Remedy: Relieve by open­
ing the air cock. When a cold trap ls to 
be operated, leave the air valve open 
until steam or water issues from it. 

5. SEDIMENT IN BOTTOM OF TRAP. 
This condition may prevent proper op­
era tion. Remedy: Blow out tr possible; 
otherwise, b1·eak the trap down and clean 
It. 

6. OPEN OR LEAKY BYPASS VALVES. 
Remedy: Close or tighten the valve . 

Inspection and Repair of Traps 

All traps should be inspected quarterly and 
those found to be leaking should be repaired 
immediately. L~aky traps waste an enormous 
amount of steam. 

Tr~ps should be adjusted, If po~slble, so 
that steam is never discharged, as U>e passage 
of steam produces er osion. '!'rap valves and 
valve seats which have given trouble as a re­
sult or erosion should be replaced with valves 
and seats made of nickel-copper a lloy, or of 
steel faced with chromium-cobalt alloy. 

Traps should also be inspected to make 
sure that they comply with U1e following: 

l. They should be located at the lowest 
point to be drained. 

2. They should be placed who1·e they are 
accessible for Inspection and repulr. 

3. They should not be subjected to pres­
sures higher than designed pressure. 

4. TI1ey should not be subjected to a dis­
charge head pressure of more than 1 foot of 
water for each 2 pounds of pressure within 
the trap. 

Every trap other than thermostatic ls nor­
mally fitted with a small atmospher ic test 
valve Installed ln the d ischarge llnc between 
the trap and the trap discharge cutout valve. 
To test the operation, close U1e discharge 
cutout valve and open the test \•alve. The trap 
should then be tripped and it should be noted 
whether or not the trap shuts off properly. 
Some steam will accompany U1e discharged 
co11densate because of r eevaporation of a por­
tion or the condensate at a temperature of 
212°F, 11nd atmospheric pressure. However , 
a sizzle of steam after the trap shuts orr Indi­
cates a Lealc. Impulse t raps require about 3 
percent of fu ll cond ensate capacity to p1·event 
U1e discharge of live steam. If the cutout 
valve leaks, a false indication wlll be given 
when the drain line is under pressure from 
some 0U1er leaky trap. To determine the source 
of leakage, close the trap inlet valve. If the 
sizzle stops, the trap is leaking; ii lt continues, 
the discharge cutout valve ls leaking. 

Principal Drain Systems 

All steam systems are drained through a 
c losed system. On the newer ships, the main 
and auxUlary steam lines, Including the 150-
psi lines, are generally drained to the deaer­
ating feed tanks by means or the impulse traps. 
For underway operation the pressure in the 
drain line for main and auxiliary steam lines 
is approximately 35 psi gage. Whistles and 
sirens, also drained by impulse traps, drain 
to tile same tank, but through an lndependent 
line. 

FRESH-WATER DRAIN COLLECTING SYS­
TEM.-Thls system consists or atmospheric 
drains leading from the lowest point of all 
machinery parts where fresh water may col­
lect and from which it ls desirable to remove 
drainage when the machinery Is not operatlng. 
AU such drains should be fltted with drain 
valves and open sight- now devices (funnelsl 
arranged to pr event the entrance of foreign 
matter into the system. Any atmospheric drain 
from a closed fh·eroom dischcnglng to this 
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system should be fitted with a water seal 
{U-bend or ec:p.Jlvalentl which will prevent leak­
age or air from U1e fireroom when the latter 
Is under an alr pressure up to I 1/ 4 times the 
maximum spcclnc<I for the particular ship. 

SALT-WATER AND OTHER CONTAMINAT­
ED LEAKAGE 011AIN COLLECTING SYSTEM. -
Tbls system Is installed to collect .~alt-water 
dralMge and oil leakage from machinery which 
normally operates V<itb le:it<age; Its purpose is 
to keep U1e bllf?eS dry. The system carries this 
leakage to U1e bilge sump bnk, and It Is then 
pumped to a contaminated oil tank, where the 
oil Is allowed to settle out and the water re­
maining Is pumped overboard. 

METERS 

Meters become unr eliable h·om friction, 
leakage, or er osion, and should bo overhauled 
and tested when Utey fail to register properly. 
To prevent r:1pld wear, meters Should never 
be operated al maximum c.~p:1.city for prolonged 
periods or continuous Oow. One-11311 t11e capacity 
Is recommended. 

All meters, except fueling motcr11, a rc con­
sidered satlslaclory if they show er rors of less 
than three percent. Fueling meters should not 
show In excess or a two percent error. 

Sllfnu u1 

CU.lfl 
V!ITICl.L SiCllDrl ll!RU 'f ' 

The ordinary type of meter can be opened at 
the bolted nange without disconnecting the meter 
from the line. Any troubles can US\Ully be lo­
cated In the submerged parts and can be rectified 
by cleanlnit the parts and removing any foreign 
matter. II tile meter is equipped with a hard­
rubbcr disk and the disk Is round to be warped 
or s welled, It must be renewed. If :t meter is 
consistently Inaccurate, the matter sllould be 1'0-

!crrcd lo tho Naval Ship Systems Command. 

EXPANSION JOINTS 

ExpaNJIOn joints of various types are In­
stalled al suitable lnten'als In loni: st~m lines, 
because or the expansion and contraction or 
metal s ubfected lo a wide range or temperature. 
The types Include the slipjolnt, cxp:\11slonbcnds, 
corru1r.1tc<1 Joints, and bellows Joints. 

The SLIP JOINT (fig. 8-l l l Is used for low 
pressures, such as auxiliar y exhaust piping. A 
slit> joint conslsls ol a stuHinp: box, packing 
gland, male sliding tube, female receptacle tube, 
and stop bolts (to prevent separation or male 
and fe male sections of the joint). 

EXPANSI0:-1 BENDS are employed for high 
pressur<> and hlgh temperature stenm piping In 
preference lo the sllp joint. Expansion bends arc 
merely loops of plpllt{! of p1·opor le11A"th and con­
figurntlon to take up the chnni;e11 ln JllJle length 
caused by temperature changes. The cxpomslon 

sm 111 

rms 

47.57X 
Figure 8-11. -Slip type expansion Joints. 
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bends take many shapes-most common a re the 
U-bend, Z-bend and L-bend. 

The CORRUGATED and BELLOWS TYPES 
of expansion joints (fig. 8- 12) are tlSed for both 
medium and high pressures and tempet·atures. 
TM 1n·inclple of t llese joints is obvious : the 
expans ion-contract ion movement is absorbed by 
U1e changing curvature of the corrugations or 
bellows (as wlUl an accordion). The Internal 
sleeves, free to slide axially in these Joints, 
sc1·ve to prevent excessive turbulence and ero­
sion of the expansion parts. Figure 8-13 Illus­
trates a corrugated BULKHEAD EXPANSION 
JOINT, which ls designed to provide for both 
radial and axial movementofplp!ng, with r espect 
to the bulkhead. 

Expansion joints must be kept in effective 
working condition. Indications should be fitted on 
expansion joints so that it ca11 readily be seen 
whether or not the joints are working properly. 

Expansio11 joint bodies must be anchored 
securely so that movement is confined to the 
part designed to slip. The limltlng bolts 1nust 
be kept adjusted to a llow maximum expansion 
an<I contraction without danger o[ the joints 
pulling apart. 

STEM"1 WHISTLES 

The d iaphragm type of steam whistle 
(fig. 8-14) is typical of the type used on modern 

ships. Before testing the whistle, remove the 
diaphragm leaves by unscrewing thebackcover, 
and turn on U1e steam at least 30 minutes, with 
all drains open and traps ope rating. With the 
diaphragm removed, operate the whistle valve 
several times In Ol'der to blow out the pipe 
lines thoroughly. Replace the proper number 
of leaves and tighten the back cove1· befo1·c 
testing. The leaves are marked so that they 
.may be installed properly; all leaves must 
!have the high side facing towards the nozzle. 

lf water cnmes out through the ho1·11 or 
around the ste"' or the operating valve while 
the whistle is being tested, or i( the note Is not 
Cleal' fl'Om the beginning Of the first blast, 
immediately check all associated traps. Ir 
the traps are not functioning properly, they 
should be bypassed until put Into worldngorder . 

The diaphragm of a steam whistle must be 
inspected and cle:lned every three months. Dam­
aged leaves must be removed and r eplaced. 
After the leaves have been cleaned and positloned 
propc1·ly, the whistle must be retested. 

The operating va lve should also be checked 
when the diaphragm is examined. lf the oper­
ating valve is leaking, it should be removed and 
ground in to obtain a good c lean seat. The seat 
is generally locked ln place with a setscrew and 
can be removed only with a proper wr ench and 
a(ter the setscrew has been loosened. 

(0.MPRESSION LIMIT 

[)(f(:tNAl OJIJ OUARO 

I I .315X:38.12'lX 
Figure 8-12.-Corr ug-.ited type and bellows type expansion joints. 
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Figure 8-13. - Corrugated bulkhead expansion joint, showing details of installation. 

OftlAOO ll\'11111111 YAlYl STIAll 
CDllllCTIBI 

JACKO SPACE 

llW COICJl[CTlll 

Figure 8-14. -Sectiona l vie w of a diaphragm type steam whistle. 
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On the installation or a whistle valve, 
the rollowlng factors should be con-
sidered: 

I. Steam supply must be taken either directly 
rrom a boiler or from a point on a steam llne 
where the1·e ls a continuou~ now or steam at 
all times. 

2. There must be no horizontal piping be­
tween the whistle and the point where the steam 
supply line ls connected. 

3. A drain must be installed at the lowest 
point or a long lead or piping below decks. 

4. The drain line from the whistle must be 
connected to a continuous now trap connected 
to the atmospher e (never to the high-pressure 
drainsl. 
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CHAPTER 9 

PUMPS 

The purpose of a pump is to move fluid 
from one point a nd deliver it to a nothel', b y 
pulling, pushing, throwing, or n combination 
or these methods . Eve ry pump has a power end 
which may be a steam turbine, a 1·eclprocating 
steam engine, a steam jet, or an electric 
moto1·. Each pump also has a fluid end, where 
U1e fluid enters (suction) and leaves (discharges) 
the J>Ump; U1is fluid end may be called the liquid 
end, lhe water end, the oil end, or the gas end 
to indic<1 to the nature of the fluid be ing pumped. 

The suc tion head of a pump refers to the 
pressui·e measured at the pump suction ancl is 
the difference in the level or fluid wiU1 respect 
to the pump suction plus any pressure exerted 
on the fluid from an external mrons. The dis­
charge head means the pressure or the fluid 
Jea,•ing the pump, or the level of fluid with 
res1~t to the I eve! or the pump on the dis­
charge side. 

On bOard ship, pumps are used fo1· a numbel' 
of essential ser vices. Pumps reed water to tlle 
boile rs , draw condensate from the conclensers, 
supply soa water to the flrcmaln, c irculate 
cooling w:itcr for coolers a ncl condensers, e mpty 
the bllges, transfer fuel oil, d ischa rge fuel oil 
to the burners, and serve many other purposes . 
The operation or the ship's propulsion plant and 
or almost all nuxilia1·y machiner y depends upon 
the proper operation of pumps. Pump failure may 
cause failure of an entire pawcr plant. 

This cllapte1· dealswiU1 reciprocating pumps, 
variable stroke pumps, centrifugal pumps, ancl 
rota ry pumps. For Information on othe r types oi 
pumps, consult eithe1· the Bureau of Ships 
Technical Manual , chapte r 9470 (47), or appro­
priate manufacturers' technical ma11uals. 

RECIPROCATING PU:-.! PS 

The reciprocating pump moves water or 
other liquid by means or a piston or plunger 
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which r eciprocates (goes back and forth or up 
ancl down) with! n a cyllnc:Ler . Reciprocating 
pumps arc us ually classified as: 

1. Direct-acting or indirect-acting 
2. Simplex (single) or duplex (double) 
3. Single-acting or double-acting 
4. High pressur e or low pressure 
5. Verticnl or hor izontal 

The 1·eclprocatlng pump shown In figure 9-1 
is a dii·er. t-acting, simplex, clouble-ac tlng, high 
pressure, verlical pump. An explanation of 
what a ll these terms mean, with r c fo1·cnce to 
the pump Illustrated, is given in the paragraphs 
which follow. 

The pump Is DffiECT-ACTIKG. because the 
pump rod Is a direct extension or the piston 
rod; and, therefore, the piston in the power end 
is di rectly connected to the plunger in the liquid 
end. Most 1·ecipr ocating pumps used In t he Navy 
are clll·ect-acting, An INDIRECT-ACTING pump 
may be driv en by means of a bea m or linkage 
which is connected to and motiva ted by the 
steam p is ton r od of a separate r eciprocating 
engine; or it may be drive n by a c1·ank-and­
connecting rocl mechanis m which Is operated 
by a steam turbine or an elech'lc motor. An 
indirect-acting pump might appear to have only 
one ond-U1at is, the pump end. However, it 
should be remembered U1al this )lllmJl , like all 
other s,must have a power end as well. The 
separate engi n<l, turhine , or motor which drives 
the pump is the actual power encl or the pump. 

The pump shown In figu re 9-1 ts called a 
SINGLE Ofl SIM PLE:x pump because it hns only 
one iiquld cylinder. Simplex pumps may be 
e ither direct-acting or indirect-acting. A 
DOUBLE on DUPLEX pump Is an assembly Of 
two single pumps, placed side by side on U1e 
same foond.'lliOn: the two steam cylinders are 
cast in a single block, and the two liquid 
cylindc1·s a. 1·0 cast hi another block. Duplex 
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38.98 
F lgu l'e 9-1.-Reciprocating pump. 

reclprocaUng pumps are seldom found In modern 
comba!;1nt shlps but wer e commonly used in 
older shlps . 

In a SINGLE- ACTING pump, the liquid Is 
drawn lnto the liquid cylinder on the first or 
SUCTION STROKE and is forced out of the 
cylinder on Uw return or DISCHARGESTROKE. 
In a DOUBLE- ACTING pump, each stroke serves 
both to draw i n liquid and to cUscllarge liquid. 
As one end of the cyli nder is filled, the other 
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encl is emptied: on the return s troke, the end 
wlllch was just emptied is filled and the end 
which was just filled is emptied . The pump 
shown In figure 9- 1 is double-acting, as are 
most or the reciprocating pumps used in the 
Navy. 

The pump shown ln figure 9-1 Is designed to 
operate with '' discharge pressure which is 
higher th:rn the pressure of the steam oper a ting 
the pistol\ In the steam cylinder. In othe r words, 
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this is a HIGH PRESSURE pump. In a high 
pressu1·e pump, the steam piston Is larger in 
diameter than tJ1e plunger in the liquid cylindet'. 
Since the area or the s team piston is greater 
than the area or the plunger in the liquid cylinder, 
tJie total force exerted b)' the steam against Uie 
steam piston is concentrated on the smaller 
working area of the plunger in tlle liquid 
cylinder; and, therefor e, the pressure per 
square inch is greater in tJ1e liquid cylinder than 
In t he steam cylinder. A high pressure pump 
discharges a comparatively small volume or 
liquid against a high pressure. A WW PRES­
SURE pump, on the other hand, has a com­
paratively low discharge pressure but a larger 
volume or discharge. In a low pressure pump 
U1e steam piston IS smaller tJ1an the pl\lnger 
in the liquid cylinder. 

The standard way of designatlnp; the s ize 
Of a reciprocating pum1) is by glvin(l' three 
dimensions, in the following order: (1) the 
diameter of the steam piston; (2) the diameter 
oC the pump plunge•·; and (3) the length of the 
stroke. For eX!•mple, a 12" x ll" x 18" 
reciprocatlng pump has a steam piston which is 
12 Inches in diameter, a pump plunger which 
is 11 Inches in diameter , and a stroke or J 8 
inches. This des ignation enables one to t ell 
Immediately whether the pump is a high pressure 
or a l0\\1 pressur e purnp. 

Fi nally, the pump shown in figure 9-1 is 
classified as VERTICAL heeause the steam 
piston and the pump plunger move up and down. 
Most reciproc.'\tlng pumps in naval use are 
vertical; however, a HORIZON'tAL pump, \n 
wlllch the piston moves back and forth rather 
than \Ill and clown, may be found aboard some 
ships. 

The following discussion of reciprocating 
pumps is generally concerned with direct­
actlng, simplex, double-acting, vertical pumps, 
since most reciprocating pumps used in the 
Na,•y are of this type. 

The power end of a r eciprocating pump 
consists of a bored cylinder in which the steam 
piston r eciprocates . The steam cyllncltlr Is fitted 
with heads at each end; one heacl has an opening 
to accommodate the piston r od. Steam inlet and 
exhaust por ts connect each end or the steam 
cylinder with the steam chest . D1·ain valves 
are installed In the steam cylinder so that 
water resulting from condensation may be 
drained off. 

Some reciprocating pumps have cushioning 
valves at each e11cl of the s team cylinder. These 
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valves can Ile adjusted to trap a certain amount 
of steam at the end of the cylinder; thus, when 
the piston r eaches the end of its stroke, it is 
cushioned by the steam and prevented from 
hitting the end of the cylinder. When the pump 
is operating at high speeds, the cushioning 
valves should be nearly closed so that a con­
sider able amount of steam will be trapped at 
each end of the cylinder; at low speeds, the 
cushioning valves should be almost open. (The 
steam cylinder shown in f!gtire 9-2 does not 
have cushioning valves .) 

Automatic timing of the admission and r e­
lease of steam to and from each end of the 
steam cylinder is accomplished by various 
types of valve arrangements. Figure 9-2 shows 
tile piston-type valve gear commonly used for 
tills purpose; it consists of a main piston-type 
slide valve and a pilot ~llclc valve. Since the 
rod from the pilot valve Is ~onnected to tile 
pump r od by a valve-oper ating assembly, tl1e 
position of tJ\e pilot valve Is controlled by the 
position of the piston In the steam cylinder. 
The pilot valve furnishes actuating steam to the 
main piston- type valve, which, in turn, admits 
steam to the top or the bottom or the steam 
cylinder at the proper time. 

The valve-operating assembly which con­
nects the pilot valve oper a ting rod and the 
P\lmP r od Is shown in figure 9-3. As the cr oss­
head arm (sometimes called the rocker arm) Is 
moved up and down by the movement of U1e 
pump rod, the moving tappet slides up and down 
on the pilot valve operating rod. The tappet 
collars are adjusted so that the pump will make 
the full designed stroke. 

1'he liquid end of a r eciprocating pump has 
a piston and cylinder assembly similar to that 
of the power or steam end. Tile piston in the 
liquid end is often called a PLUNGER. A 
VALVE CHEST, sometimes called a WATER 
CHES'!', ls attached to the liquid cylinder: It 
contains two sets of suction and discharge 
valves, one set to ·serve the upper end of the 
liquid cyllnde1· and one to serve the lower end. 
The vnlves are so a r ranged that the pump 
takes suction from the suction chamber and 
discharges through the discharge chamber on 
both the up and down strokes. 

An adjustable relief valve is fitted to the 
discharge chamber, to protect the pump and tJ1e 
piping against excessive pressur e. 

Some reciprocating pumps have an ai r cham­
ber anti a snifter valve installed in the liquid 
end. The upper part of the air chamber contains 
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air; the lowe1· part contains liquid. On each 
stroke, the air in the chamber is compressed 
by the pressure exerted by the plunger. When 
the phmger stops at the end or a strolce, the 
air In the chamber expands anti a llows a gradual 
r ather than s udden, dr op in the di scha rge 
pressure. The air chamber . therefore, smooths 
out U1e discharge flow, absorbs shock, and pre­
vents pounding. The snifter valve, if installed, 
allows a small quantity of air to be drawn in 

and compressed with each stroke. If no snifter 
valve is installed, some provision is usually 
made for charging the air chamber with com­
pressed air. 

USAGE IN NAVAL SERVICE 

Rccipl'ocating pumps are used Cor two main 
purposes in the main machinery spaces: (1) as 
fir e and bilge pumps; and (2) n.s emergency reed 

STEAM PORT 
FOR PILOT 
VALVE 

PILOT 

38.99 
Fl~1·c 9- 2.-Piston-type valve gear for steam end of reciprocating pump. 
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38.l 00 
Figure 9-3. -Valve operating gear. 

pumps. Reciprocating pumps are very good for 
emergency use beca\1se they are relatively 
s imple, reliable, and easy to start and operate 
under cold concllttons. 

The FIRE AND BILGE PUMP is sometimes 
called the STANDBY FIRE PUMP. In emer­
gency, it is used as a fire and flushing pump. 
The fire and bilge pump is designed to operate 
on 1·elatively low pressure steam (usually about 
150 psi 01· a little higher). 

Procedures for the operation, maintenance, 
and repair or the fire and bilge pump arc, in 
general, the same as for any other reciprocating 
pumps. With the fire and bilge pump, however, 
special precautions must be taken to see that the 
suction strainers are kept clean. Clogged suction 
strainers and the presence of foreign matter 
in the water chest suction and discharge valves 
are the most frequent causes of trouble In the 
liquid end Of the fire and bilge pump. 

The EMERGEI\CY FEED PUMP is a direct­
acting, simplex, double-acting, high pressure, 
vertical pump of the type shown in figure 9-1. 

The pump is oper ated from the auxiliary steam 
line. It Is used for filling idle boilers, for 
transferring reserve feed wate1-, for applying 
pressure to boilers undergoing hydrostatic test, 
and In some cases for regular boiler feed 
service for in-port (auxiliary) steaming. This 
pump does not have sufficient capacity for 
high firing rates, and its use is therefore limited 
to eme1·gency or auxiliary service. 

It should be noted that the main feed pump Is 
almost always of Ute centrifugal type (discussed 
later In the chapter), 1·equiringaposltivesuction 
head. If the feed bOoster pump fails, therefore, 
the main feed pump cannot operate. Recipro­
cating pumps, on the other hand, do not require 
a positive suction head and are therefo1·ecapable 
of taking suction directly from reserve feed 
tankS. It is primarily for this reason that all 
emergency feed pumps are of the reciprocating 
type. 

The emergency feed pump must be kept in a 
standby condition whenever the flreroom is 
steaming. Some emergency feed p\lmps are 
provided with a discharge check valve so that 
the discharge valve may be kept open while the 
pump ls in standby condition. 

When an emergency feed pump is used for 
in-port s teaming, another pump must a lways 
be used for s tandby. This precaution is necessary 
in order to avoid a serious engineering casualty, 
in the event or failure of the emergency feed 
pump. 

The emergency feed pump ts also used to 
add boiler compound to the water in the boiler, 
and an open suction connection Is p1·ovided for 
this purpose. After the compound has been 
taken In, enough additional water must be 
pumped to ensure that all the boiler compound 
is carried through the pump and the lines to 
the boiler. CAUTION: If the emergency feed 
pump has been taking a hot suction, It must be 
cooled down before it is used to pump boiler 
compound into the bOiler. 

OPERATION Al'<'D OPERATING TROUBLES 

The general procedure for starting a re­
ciprocating pump is as follows: 

I. Check to be sure that the steam cylinder 
and steam chest drain valves are open. (They 
should always be opened when the pump is shut 
down.) 

2. Oil the pins of the steam valve operating 
gear and set up on any grease cups which may 
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be fitted. (Some modern reciprocating pumps 
do not have grease cups.) 

3. Open the liquid end suction and discharge 
valves. 

4. Open the exhaust and steam line root 
valves. 

5. Open the steam exhaust valve at the 
pump. 

6. Crack the steam throttle valve and ad­
mit steam SLOWLY so that the steam cylinder 
will warm up gradually. 

7. Close the steam cylinder drains after 
the pump has made a few strokes. Do not 
close these drains until the steam cylinder 
Is clear of water. 

8. Open the throttle valve slowly to bring 
the pump up to the desired operating speed 
or discharge pr essure . 

In general, t he steps to be followed In 
stopping and securing a reclprocatingpumpar e: 

1. Close the steam throttle valve. 
2. Close the steam exhaust valve at the 

pump. 
3. Open the steam cylinder drains. 
4. Close the liquid end suction and dis­

charge valves. 
5. Close the steam and exhaust root valves. 

Sometimes the pump may not kick over when 
It Is being lined up and the throttle valve is 
cracked open. If the throttle valve i s opened 
wider and nothing happens, the starting pro­
cedure should be repeated to ascertain that 
everything has been done correctly. If the 
pump still doesn't run, it is necessary to: 

1. Follow the approved securing procedure. 
2. Examine the discharge line and the ex­

liaust line. The trouble may be a closed valve, 
or a valve in which the disk has become de­
tached from the stem. 

3. Check the rod packing glands atthe steam 
end and at the water end; if someone has set up 
on them too tightly, the pump may be locked so 
•.hat it cannot move. 

4. If the ti·ouble c.arniot be located, report 
the fact to the proper authority. 

From time to time operating troubles with 
reciprocating pumps are likely to occur. Some 
of the most common causes of trouble, together 
with their symptoms and remedies, are de­
scribed in the paragraphs which follow. 

LACK OF PROPER SUCTION will cause 
jerky or irregular operation of tile pump, or It 
may cause the pump to race wl tliout any appre­
ciable increase in discharge pressure. Loss 
of suction may be caused by a number of 
different co11dltions, including: 

1. Obstructions in the suction line. 
2. Loss of suction head, which causes the 

pump to become vapor-bound. 
3. Air in the system, which causes the 

pump to become alt·-bound. 

Obstructions in the s uction line frequently 
cause trouble in the case of fire and bilge 
pumps. The suction line must be clear and all 
stop or check valves in the lines must be open. 
The suction line strainer and the bilge strainer 
should be cleaned. 

The emergency feed pump may become 
vapor- bound due to loss of suction head. U this 
occurs, and a s tandby pump is not available, it 
will be necessary to cool the pump rapidly. In 
this case, the general procedure is to shift 
to cold water s\lctlon-that Is, (1) shift to a 
reserve feed tank, (2) open the vents on the 
liquid end valve chest, (3) cool the pump by 
turning a hose on It, or by pouring buckets of 
cold water over it, (4) continue cooling mea­
sures until a steady flow Of water comes from 
the vents, and (5) continue feeding cold water 
until the head pressure is restored. 

A pump can lose Suction by becoming air­
bound-that is, by having air tr apped in the 
system. The remedy for this condition is to 
open the aircocks and vents on the liquid end 
valve chest and to leave them open until water 
flows out. 

Insuffici ent prime often causes loss of suction 
In pumps which have a considerable suction 
mt. The fire and bilge pump can usually be 
primed from the sea by opening the sea suction 
valve for a short time. 

LOSS OF DISCHARGE PRESSURE and LOSS 
OF CAPACITY are closely related operating 
troubles . They may be caused by various con­
ditions, including: 

1. Low steam pressure. 
2. High exhaust back pressure. 
3. Insufficient speed of the pump. 
4. Excessive s uction lift. 
5. Air leakage into the pump. 
6. Entrained vapors in the pumped 

liquid. 
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7. Excessive fr iction resulting from im­
properly packed stuffing boxes or from binding 
of the packing in the liquid end. 

8. Excessive wear of packing on the pump 
plunger. 

If a reciprocating pump races without an 
appreciable loss of discharge pressure, the 
trouble may be caused by l eaky, br oken, or 
stuck valves in the water end; leaky valves in 
the suction line; a leaky piston; or other con­
ditions . If a pump which has been running 
prope1·ly suddenly loses dischar ge pressure on 
one stroke, the trouble is very likely to be a 
broken valve in the water encl. Whenever a re­
ciprocating pump l oses discharge pressure or 
capacity, or whenever it begins to race without 
increasing the discharge pressure. it shOuld 
be stopped as soon as possible so that the 
trouble may be found and corrected. 

POUNDING IN THE WATER END is most 
likely to be caused by improper adjustment of 
the steam cushioning valves; a pump plunger 
which is slightly loose on the rod; a rod which 
has come loose at the crosshead; loose water 
chest valves or a loose valve plate; or loose 
zinc plates . Water hammer or r am effect in the 
suction piping may cause pounding in the water 
end of a pump which has a conside1·able suction 
lift; this pounding wlll usually s top when the 
pump is run at a slower speed" Pounding in the 
liquid end may also be caused by insufficient 
charging of the air chamber (if installed). If 
pounding occurs in the liquid end of a pump 
which is not fitted with an air chamber, the 
installation of a snifter valve may take care of 
the trouble. However, snifter valves or air 
chambers must NEVER be installed on the 
emergency feed pump, since these devices would 
tend to draw ai r into the feed water . 

GROANING IN THE WATER END is most 
often caused by packing that is too tip;llt. Other 
causes include misalignment Of the pump, a 
broken or damaged follower plate, and other 
broken parts. The pump should be stopped at 
once and the trouble s hould be found and 
corrected. Continued operation of a pump which 
has any of these defects may cause a scored 
cylinder or even mor e serious damage . 

KNOCKING IN THE STEAM END may be 
caused liy too long a stroke, by the presence of 
water In the steam cyltnder, by loose pis ton 
rings, by a loose pis ton assembly, by the piston 
being loose on the rod, or by some difficulty 
in the piston-type valve gear. The pump should 

be stopped at once and the trouble should be 
found and corrected. 

GROANING IN THE STEAM END may in­
dicate that the packing is too tight; that the 
piston or a piston ring is broken, that rust 
has formed in the cylinder, or that the pump 
Is out of alignment. The pump should be stopped 
so tllat the difficulty maybe found and corrected. 

MAINTENANCE AND REPAIR 

Reciprocating pumps requi re a certain 
amount of routine maintenance and, upon occa­
s ion, some repair work. All the pertinent 
blueprints, drav.'ings, and available data sh6uld 
be examined befor e a pump is repaired. These 
drawings and data fur nish the required clear­
ances, measurements and i11forn1ation regarding 
materials to be used. In acldltion, the complete 
histor y of the pump being repaired should be 
available so that it can be determined what has 
been done previously, when repai rs were made, 
and what kind of trouble has been encountered 
with this particular pump. 

Whenever l'eciprocating pumps ar e opened 
for repairs, micrometer or callper measure­
ments should be taken of the main cylinders and 
the valve chest cylinders. These measurements 
are made on the fore and aft and athwartships 
diameters at the top, middle, and bottom. 
The results s hould be recorded, wlth an accom­
panying d iagr ammatic sketch sho\\'ing the mea­
surements obtained and the date on which they 
were made. 

The steam end of a r ecipr ocating pump 
should NOT be dismantlecl \tntil a thorough 
check reveals that the wate1· end is satisfactory. 
Most l·eciprocating pump tr oubles r esult from 
fouled water cylinders, worn valves, or from 
faulty condi lions In the pipe connections external 
to the pump. 

Some of the most impor tant factors con­
cel."ni.ng the inaintenance and repair of pumps ate 
discussed in the sections which follow. Adclltlonal 
information can be obtained from either the 
Bureau of Shi s Technical Manual, chapter 
9470(47 , or applicable manufacturers' technical 
manuals. 

Adjustment Of Stroke 

In order for a steam-dr iven reciprocating 
pump to operate properl y, the steam piston must 
t ravel a little beyond counterbore (fig. 9- 4); this 
means that. the pump must operate with a full 
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38.lOi 
Figure 9-4.-P!ston at upper end of stroke. 

stroke. A full stroke wlll result in more even 
wear tlu·oughout the cylinder. 

The length or the s troke ls adjust.."<l by mov­
ing the two adjustable tappet collars on the 
threaded poi·tion of U1e valve rod l\nk. The tappet 
moves between the tappet collar s as the lever is 
moved by the l\CtiOn Of the piston rod. 

The stroke of the pump is shortened by 
turning the tappet collar in the direction that 
moves it toward the tappet. The stroke oft.he 
pump is lengtJ1ened by turning the tappet collar 
in the direction that moves it away from tJ1e 
tappet. Once the tappet collars have been set 
propedy, they shO\lld be left alone. If it becomes 
necessa1·y to adjust the tappet collars frequently 
while the pump Is operating, Uie pump should be 
stopped and disassembled as soon as possible. 
The trouble may be in the operating linkage, the 
auxiliary piston valve, or the main piston valve. 

Properly adjusted tappet collars will ensure 
a full stroke for the various pump loads and 
speeds. Rerer to nlanuracturer's drawings and 
technical manuals !01· detailed information as 
to the method to be followed for specific types 
of valve gear. The following method maybe used 
for a general guide if the appropriate informa­
tion is not available. Place the steam piston 
and auxiliary piston valve on tl1e center or half 
stroke. Then move each tappet collar so that it 
will be one-half the width of the steam port away 
from the tappet. Next start the pump. If the 
stroke is too short, move the tappet collar s 
further apart. If the stroke Is too lotlg, move the 
tappet collars closer together. Make certain 
Uiat the tappets a1·e moved an equal amount, or 
tlle stroke will be longer on one end than on tJ1e 

other. When final adjustment has been made, 
lock the tappet collars securely ln place. 

Run tlle pump slowly, with Uie throttle 
cracked, against little or no pressure, and with 
the cushioning valves wide open. The piston 
should be striking on Uie cylinder heads (if it 
cloes not, tJ1ere is friction at some point}. Close 
down on the cushioning valves \lntll the pump Is 
ruDlling at full stroke and with smootJ1 reversal 
and no striking. H it Is Impossible to obtain 
smoothness o( 1·eversal, it may be necessary to 
adjust the tappet collars. 

Pump Alignment 

Improper alignment ls one of the most fre­
quent sources of trouble with pumps. Pumps wiU1 
mountings secured to a bulkhead are more sub­
ject to misalignment than thosewit11 hldependent 
bases. A pump may have been properly aligned 
in the shop and then pulled out of line when 
bolted to the bulkhead mounting; or after the 
pump mounting was secured, the ship may have 
changed shape sufficiently to warp the bulkhead 
and cause misalignment. 

Operation of an Improperly aligned pump 
usually scores tJ1e rod and cylinders, and breaks 
the followers. The 'tllgnment of pumps should be 
tested occasionally by removing tJ1e piston and 
plunger and running a line through Uie ste,tm and 
water cylinders. This s hould be performed as a 
routine test within the first year after a ship is 
commissioned; and aiso for a pump that is 
scoring rocts or cylinders, or breaking followers. 

Before a line is run through the cylinder or 
any adjustments are made, the roundatlon m\lst 
be lined up and the centerline must be deter­
mined. The centerline must divide each cylinder 
equally (see Cig. 9-5). Fasten one en<I o!the line 
to a temporary beam at Ulc end or one o! the 
cylinders. In figure 9-5 the beam is rigged above 
Ule steam cylinder. R\ln t11e line down the center 
of botll cylinders, and center It at the top a.nd 
bot.tom of the steam cylinder, so that it becomes 
the axis of that cylinder. Then align the water 
cylinder with the steam cylinder. If realignment 
is necessary, the water cylinder may be moved 
and centered on Ute line without affecting the 
centering of the line on the steam cylinder. 

To make a rough check of alignment of a 
pump, pull the steam and liquid end rod packing 
and check the cl ea ranees between U1e piston rocts 
and the cylinder throatbushlnp;s. Make this check 
with the pistons in each of three positions-top, 
center, and bottom of uie stroke. If clearance is 
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Figure 9-5.-Centerlng a line through two 

cylinders. 

not unl!orm, realign the pump as soon as 
possible. 

In some cases, when steam cylinder founda­
tion pad bolls are slacked off, the cylinder pads 
pull away from the foundation as much as 1/2 
Inch, indicating settling of foundations and bulk­
heads. Correct this by fitting shims betweenthe 
foundation and the pump. 

A frequent cause of misalignment Is the 
piping. The piping should line up naturally with 
the pump connections and s hould not be forced 
into position. Provision must be made In steam 
and exhaust lines to allow for expansion. All 
piping should be supported independently of the 
pump. hnp1·operly Installed piping puts a strain 
on the pump and forces It out of alignment. Spe­
cial care should be taken to avoid vapor pockets 
when installing suction piping. 
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Gland Leakage 

Care should be exercised when setting up 
on the glands. If the two sides are set up un­
equally, the gland becomes tilted and scores the 
rod, and sometimes breaks the gland Itself. 
Ir a gland is set up too hard, the packlng will 
probably score the rod. U a gland continues to 
leak after the nuts have been given a few turns, 
it will be best to leave it alone until U1e pump 
can be shut down. Then an examination stiould 
be made to sec if the bushing is too large, pos­
sibly because the roct has been tu1·ned down, 
01· if a new packing is requlre<l . Partlcultu· 
attention should be given to packlnit for cyl­
inders operating at low pressure, or below 
atmospheric pressure, to prevent not only loss 
ot vacuum, but the admission of grease Into the 
cylinder and air into the feed system. 

Loose Pl stons 

Pistons in the water end of pumps (flg. 9-6) 
are generally constructed of bronze and are 
of the body and follower type. The piston Itself 
Is not a tight flt, but depends upan several rings 
of packing to prevent leakage. These rings of 
packing are placed between a shoulder at one end 
of the piston and a foUower plate at the other end. 

Loose water pistons and steam pistons a1·e 
sometimes a source of t rouble in recipt·ocatlng 
pumps. A piston s hould always be properly 
l'efitted after it has been r emov-.d from tho 
rod. The taper ed part of the rod and the 
opening In the piston must be free of fo1·elgn 
matter beCore the piston is fitted . Even n small 
amount or foreign matter will prevent tile piston 
from giving the proper bearing surface to the 
tapered part of the rod. The piston should be 

47.51 
Figure 9-6.-Liquid end piston, rod, packing, 

and follower. 
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fitted onto the tapered part or tho roe! and the 
securing nut should be set up h:lndtifl(ht. There 
should be a uniform clearance of 1/ 32 to 1/ 8 
oi an Inch between the piston and the rod 
shoulder, the size Of the clearance depending 
on the amount of taper of the rod. After the 
piston IS properly placed, the securing nut 
should be tightened to Co1·ce the piston tightly 
against tho shoulder of the rod. Piston ti·ouble 
will usually disappear when the piston Is properly 
r enttecl to the rod. 

IC a lock nut or split pin Is not fitted, one 
should be Installed. Pump rods are sometimes 
screwed into the plunger and secured by a lock 
nut, with a fiat plate secured on the top of the 
plunger to prevent the nut from backing off. 
However , this arrangement will still allow the 
nut and the plunger to turn together, permitting 
the plunger to back off and carry away. This 
co1ldition Is correcled by sccurlnR the nut to 
the rod wlUi a setscrew. 

Piston Too Small 

Pistons may be built up by nowlng on metal 
by tne oxyacetylene method or by electric 
welding. nie piston Is then ma~hlned to the 
proper m. 

It sometimes happens that In 1·eborlng a 
water cylinder so mucll clearance Is lnt.roduced 
that the piston and t'ol1owe1· requl re renewal. 
Until :t new piston nod follower can be obtained, 
one of the rollowlng procedur es may be employed: 

1. Install upper and lower rings or metal 
pa.eking and insert soft packing between the 
rings. 

2. The piston and the follower may be 
turned down and threaded, and a ring with the 
same thread screwed on tightly. The outside 
diameter or the rlng IS then machined to fit 
the cylinder. 

If the pistons a r e so m\1ch \llldersized that 
tile preceding procedures a r e not irntlsCnctory, 
the pistons may be built 111> by flowing on metal, 
and then turned to the correct diameter. 

Breaking of Followers 

The breaking of followers and bolts may re­
sult from misalignment, \Jul i~ r;enerally caused 
by a weak follower. A new :md he:< vi or follower, 
or one of better material, should be tried on a 

pump to sec If It s tops the trouble. The break­
ing of followers can be prevented by drilling 
the piston for through bolts for securing the 
foJJower. 

When the follower is too s mall in diameter, 
soft packing wlll frequently roll up between 
the piston and the cylinder, causing the follower 
to jam and lir eak. 

Renewing Packing 

When packing n pump with nax or other 
soft packing, Uie !Xl<'klng Is soaked In hot water 
approximately 12 hours before titting and In­
stalling. U an urgent demand for the pump makes 
this impracticable, the packing should be in­
serted to flt loosely and allow for swelling. 
Failure to do this wlll c.'\use the pump to groan 
or result ln a scored cylinder. 

Laminated phenolic packing type rings are 
increasing in usnge, partlcularly for boiler reed 
service. The Naval Ship Systems Command is 
conducting laborator y and service tests on 
various types of pumps to determine their 
suitability and to develop data as to their proper 
application and Installation. The use ortaminated 
phenolic rings as a substitute for soft packing 
may be authorized by the Naval Ship Systems 
Command upon request, provided the design of 
the piston Is s:1ttstactory for or can he alt.ered 
to accommodate the phenolic type r ings. 

Metal rings are sometimes very narrow 
and cut the cyl!ncle1· . ff wider rings nre filled, 
tlle troubl e gener ally stops. Sharp edges of 
rings should be rounded with a rile. The use 
of white mctnl rings ls considered obsolete 
and w>Satlsfactory. 

Worn or Broken Piston Rings 

Troubles In Uie steam cylinder result mainly 
fl'om faulty piston rings. Wearing of piston 
rings can cause a pump to lose power, and even, 
in some cases, to stop. If a pump stoi>s, while 
operating slowly, ln the middle or a s troke, the 
trouble may \le due to worn rings . [n this case, 
the pump s hould be secu red and the condition or 
the rings and the cylinder checked. Piston rings 
must be renewed when necessary. 

Figure 9-7 shows a steam pi~ton assembly 
of a reciprocating pump. The piston rings are 
cast iron. IJ the piston rings a r e broken or worn 
or have been poorly fitted so that there Is ex­
cessive leakage by the piston, new 1·ings must 
be installed. Figure 9-8 illustrates the fitting 
of piston rings. 
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47 .52 
Figure 9- 7.-nemoving piston r ings. 

SNUG SLIDl~G f!' IT 
HERE WHEN RING 
1$ ROLL ED IN GAOOve 

PISTO~ ROO 

47.53 
Figure 9-8.- Fitting piston t·ings . 

Overhauling Water End Valves 

All valves in the water end of the pump mus t 
be kept tight to ensure satisfactory and economi­
cal pump operation. Valves may be faced in a 
laU1e and then ground in on thei r seats by a 
simple device wllich consists or a length or rod 
slotted to fit a piece of metal wh\ch seats ac 1·oss 
the top of the valve. 

It is sometimes desirable to take a cut off 
the valve seat without removi ng it. A simple 
cutter can be made wiUi an e·xtension for a bit­
stock, sin1i.lar to the grindin.g-in device. When 
n:it valves a r e fitted, the s eats may be trued 
up by using a SnJall surface plate ancl spotting- in 
the section on the surface plate. 

After the valves have been g round in , the 
valves can be tested by closing the suction valve, 

opening: the dischal'ge valve, stal'ting the pump, 
and noting the vacuum that the pump is capable 
of attaining . 

At each examination, all metal valve disks 
should be checked with a straightedge to see if 
U1ey ;we true. The life of rubber valves can be 
lengthened by trimming and turning the valves 
and by Inserting brass backingS. 

Tension on tile valve springs should be great 
enough to ensure a quick closing of the valve, 
but not so great that t he valve cmuiot be lifted 
easily by hand. The sprln!(s should be secured by 
split pins, and the valves adjusted to give U1e 
proper lift. Lill should be such that the circum­
lerenti~l opening is slightly greater U1an the 
clear opening thro\lgh the seat, but NOT greater 
than 1/ 4 t he diameter of Jhe clear opening. 

Valves m\lst be kept clean. A light minel'al 
oil makes a good c leaner, and a lye or soda 
solution Is satisfactory fo:r removing caked 01· 
gummed oil from the valves . 

!ti pllnJPS having valve sc;~ts secured only \ly 
a tape1· fit, the seats should be fc>rced home by 
a jack resting on the end of a r eseater which In 
turn rests on the face of tile valve seat. tr tile 
seat works loose, the edge of the seat should 
be peened slightly. In pumps that 11:\ve the valve 
seats screwed into the pump diaphragm, the valve 
seats nJust be inser ted with white lead; other­
wise ii will be difficult to l'emove them. 

In some pmni>s, discharge valve seats in the 
water end are secu1·ed to the pun\p diaphragm 
by shoulders on the valve stems, where the 
stems scr ew i nto the suction seats. These seats 
have small flanges under which gaskets ar<J 
fi tted. Hu\lber gaskets supplied by the manu­
factw·er are soon squee-zed out, causing the 
seats to leak. Hard sheet packing will give better 
pel'formance than l'ubber; and If cold water is 
to be ll\lmped, sheet lead will give the best per ­
formance. When flanges cause n great deal of 
trouble, it will be necessary to fit new scats 
\\

1itl1 a ground joint . 
Frequently, valve stems shear orr. This can 

be r emedied by cutting Uie stem olf Uievalve and 
turning a groove in the top of the valve for the 
spring· to 1·est in. The stem is pinned to the guard 
a t a sufficient height to allow proper opening of 
the valve; it tllen acts merely as a guide for tile 
spring alld as a limiting device for the valve. 
It will be necessary to fit a new s tem because 
the old one will not be large enou~h to make a 
close fit i n the gua rd. 

Extreme care should be taken in assembling 
pumps after ovel·h:tul. Valves . valve seats. 
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stems, and springs must be mal'kecl before 
removal, to ma.kc it easiel' to replace them in the 
proper ordel'. 

SAFETY PRECAUTIONS 

The following safety precautions mustbeob­
servcct In connection with reciprocating pumps: 

1. Never attempt to move a 1·eclprocating 
pump by hand while the steam valve to the pump 
is open. 

2. Do not use tile emergency feed 1"J11P for 
purpOSes 0U1er than tltose connected with tile 
service or boilers or the use or Ceed water, 
except In cmcl'gency. 

3 . Before opening a s team cyllnder or a 
steam chest, be sul'e that all dl'alns are open 
ancl the steam and exhaust root v:l lvesarewired 
closed. 

4. Bef'Ol'e opening tl1e water cylinder or the 
valve chest of a pump handling water at a tem­
perature higher than 212."F, be sure that the 
suction a11d discharge valves are wl1·ed closed 
and that the cylinder an<h-alve chestaredrainecl. 

5. Always open the steam cylinder drain 
val\'eS and the steam chest drain valves when 
the pump is s hut clown; leave them open until 
U1e pump Is agai n in operation and has been 
clear ed ot condensate. 

VARIABLE STROKE PUMPS 

Aboard ship, variable stroke pumps are 
used prlma .. ily on el ectrohydraulic stee .. ing 
gear, elevato .. s, cranes, and anchor windlasses. 
In tltese applications, tile variable stroke pump 
is r eferred to as the A- end or the drive system; 
and the hydraulic motor wi11ch ls ddven by the 
A-end ls l'efened to as the 8-cnd. By controlling 
the pumping actlon of the A-end , the motor can 
be ope l'a ted in eitl1er dir ection oncl the speed 
varied from zer o to t he maximum l'ate. 

Variable stroke pumps are a l soused on some 
ships as In-port or cruising ruel on service 
pumps. AIU1oogh they ar e often classified as 
rolnry pumps, variable st .. oke pumps ar e ac­
tu.illy reciprocating pumps. Variable stroke 
pumps operate on a principle similar to Uiator a 
single-acting reciprocating pump. A rotary 
motion is imparted to a cylinder bal'l'el or cyl ­
inder block in the pump by means of a constant­
speed electi"ic motor . But the act\1a l pumping 
is clone by a set of pistons reciprocating Inside 

cylindrical openings in the cylinder barrel or 
cylinder block. 

There are two general types or variable 
stroke pumps ln common use. In the axial­
plston type, the pistons are arranged parallel 
to each other and to the pump shaft; in the 
radial -piston type, the pistons nre arranged 
radially from the s haft. 

Tho i\XlAL-PISTON VARIABLE STROKE 
PUMP, s hown in fi~ure 9- 9 usually has either 
seven or nine single-acting pistons which are 
evenly spaced around a cylinder barrel. (Note 
tllat the term CYLIJllDER BARREL, as used in 
this coru1ectlon, actually refers to a cylinder 
BLOCK which holds all the cylinders.) Tile 
piston rods make a ball-and-socket connection 
v.1th a socket rlng. The socket ring rides on a 
thrust bearing carried by a casting called the 
TILTING l30X OR TlLTING BLOCK. 

When the tilting box is at a right angle to 
the shaft, and lite pump is r otating, tile pistons 
do not reciprocate; therefore, no pumping takes 
place. When the box is tilted away from a right 

$Ht.rT 'TRUNNION 
OLOCt< 

FOR.WA.RO 

SOCKC:T AINO 

REVEO~ 

36.103 
Figure 9-9.-Axial-piston variable s troke 

pump. 

286 



Chapter 9 - PUMPS 

angle, however, the pistons reciprocate and the 
liquid IS pumped. 

lf the tllting box is desigi1ed to be moved in 
only one directio11, the liquid can flow In only 
one direction. In some pu1nps , however , the 
tilting box is so arranged that it may be tilted 
in either direction, thus a llowing the liquid 
to be pumped in either direction . The position 
of the lilting box controls both the direction or 
now nnd the amount of flow. 

The RADIAL-PISTON VARIABLE STROKE 
PUMP is similar in gener al principle to the 
a>.ial-piston type just desc ribed, but the ar­
rangement of component parts is different. In 
the radial-piston pump, the cylinders are ar ­
ranged radially in a cylinder bOdy which rotates 
aromld a nonrotating central cylindrical valve. 
Each cylinder communicates with horizontal 
parts in the cent ral cylindrical valve. Plungers 
or pistons, which extend outward h·om each 
cylinder, a r e pinned at their outer ends to slip­
p~rs which slide around the inside of a rotating 
floating ring or housing. 

The flo.~ling ring Is so ~.onstructed that it 
can be shifted off center from the pump shaft. 
When It is centered, Or In the neutral position, 
the pistons do 11ot r eciprocate and the pump 
does not function, even though the electr ic 
motor is still causing Uie pump to rotate. If the 
floating r ing is for ced off center to one s ide, 
tl1e pistons reciprocate and the pump operates. 
II the floating ring Is forced of! center to the 
otlier side of the pump shaft, the pump also 
operates but the direction of flow is reversed. 
Thus It can be seen thnt the direction of now 
a11d the amount of now ar e both determined by 
tl1e position of the cyl111der body relative to ti1e 
pasition of the floating l'ln()'. 

The shipboard application of reversible type 
variable stroke pumps is round in S11ch hydraulic 
transmission gear as steering mechanisms. For 
infon11ation on tl1ese mech3nisms, refe1· to 
chapter 15 of this publication. 

When used for fuel oil s ervice, variable 
stroke pumps are desig11ecl to lle nonreversing. 
They operate at constant speed, with a constant 
discharge pressure, but witi1 varying capacity. 
Spring tension is often used to control Uic po­
sition of the tilting box or the fio.'lting ring, and 
so to maintain constant pressure while varying 
U1e amount of liquid which is pumped. When this 
type of ~onstant. pressure control is fitted, It is 
usually adjustable rrom 150 to 300 psi. Most 
varit1bie stroke pumps have, in addition, a lmnd­
opel'ated capacity control device which can he 

used instead of the spring tension to adjust the 
capacity of the pump. 

Variable stroke pumps require very little 
maintenance . When they ar e properly Installed 
and conectly operated, they may run for years 
witl1 practically no trouble. The most common 
causes or trouble with variable stroke pumps 
are (l) air in the system, which may cause 
jerky or Irregular operation, and (2) imput·ities 
in the pumped liquid, which may cause damage 
to the pump parts . 

If foreign matter scores the valve plates, 
pistons, or cylinders. these parts may neecl to 
be reg l'Ound or replaced. The cause or the 
scoring must, Of course, be found and corrected 
or the entire repair job will be wasted. lr 
pistons are Improperly fitted, they may seize; 
replacing or r egrind ing U1e pistons may be 
r equired. 

When a variable stroke pump Is disassem­
bled, each piece should be carefully ma1·ked so 
U1at the pump can be reassembled correctly . Jt 
is particularly important to mark tile pistons. 
The desiglled clearances are so small U1at U1e 
pistons will work properly only if U1ey are 
replaced In the right cylltlders. 

CENTRIFUGAL PUMPS 

There are many types of centrifugal pumps, 
but all ope1·ate on the same principle. 1'he 
operation of centrifugal pumps depends upon 
centrifugal force (which Imparts a high velocity 
to the liquid pumped) prOduced by the t·otatlon 
of the impeller at high speed. The liquid Is 
sucked in at the center 01· EYE of the impeller 
and discharged at the outer i·im of the impeller. 

By the time the liquid leaves the impeller, 
it has acquired a high velocity-and its potential 
energy has been changed to kinetic energy. The 
liquid IS slowed down by being led U1rougfl a 
volute or tl1rough diffuslon\•anes . As the velocity 
of the liquid decreases, Its pr essure increases; 
in this way the kinetic energy of the liqutcl Is 
changed to potential enel'f1;)'. 

The two types of centrifugal pumps generally 
found aboard ship are the volute pump and tl1e 
volute turbine pump. 

Jn U1e VOLUTE PUMP, shown infigure9-JO, 
tl1e impeller discharges into a volute- that is, 
a gradually widening channel in the pump caslnp;. 
As the liquid passes t hr0\1gl1 the volute and into 
the discharge nozzle, a co11siderable portion of 
it kinetic energy is converted into pote11tlal 
energy. 
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23.18.0 
Fir,u1·c 9-10. - Simple volute pump. 

In the VOLUTE TURBINE PUMP, shown in 
figure 9-11, the liquid leaving the impeller is 
first s lowed down by the stationary vanes which 
b"Urround t he impeller . The liquid is forced 
through the gradually expanding passages of the 
di1fuse1· ring before entering the volute. Since 
both the diffuser vanes and the volute reduce the 
velocity of the liquid in the volute turbine pump, 
practically all the kinetic energy is converted 
to potential energy . 

Centrifugal pumps may be classified in sev­
eral ways. For example, they may be e ither 
SI1'GLE STAGE or MULTISTAGE. A single­
stage pump has only one impeller. A multi­
stage pump has several impeller s housed to­
gether in one casing; each impeller functions 
separatel y, discharging to the suctionofthenext 
s tage impeller. Cent rif11gal pumps are also 
classified as HORIZONTAL or VERTICAL, de­
pending upon the positio11 of the pump shaft. 

The impellers used on centt'if\lgal pumps ma.y 
be classifled as SINGLE SUCTJON or DOUBLE 
SUCTION, The Single- suction impeller a llows 
liquid to enter the eye from one direction only; 
the double-suction type allows liquid to enter 
tl1e eye from two d irect ions. Impellers are also 
classified as CLOSED or OPEN. Closed impel ­
lers have side walls which extend from the eye 
to the outer edge of the vane tips; open impellers 
do not have tliese side walls. Most centr ifugal 
pumps used by the Navy have closed impellers. 

USAGE IN NAVAL SERVICE 

Centrifugal and axial tlow pumps ar e used 
for most nonviscous liquid servi ces on naval 
ships. They have largely supplanted di rect­
acting s team pumps for such services. The ad­
vantages of centrifugal pumps include Si mpli city, 
compactness, weight saving, and adaptablllty to 
a high-speed prime mover. Centrifugal pumps, 
however, have the disadvantage of a lack of sue-

~--REVOLVING lf!APELLER 

STAf10UAR't DIFFUSER VANES 

23.19 
Figure 9-11.-Volute turbine pump. 

t ion power and must be primed to operate on a 
suct ion lift. They are also sensitive tovarlatlons 
in the head and in the speed. They are usually 
designed for a specific set of operating conditions 
and may give unsatisfactory per formance when 
subjected to oper ation at gr eat variancewlthtl1e 
designed rating. 

Centrifugal pumps may be an anged to oper­
ate In series when the i·equired pressure exceeds 
tl1at of one availabl e pump. They may also be 
installed to oper ate in parallel when sever al 
smaller units to handle varying capacity de­
n1ands over a \Vide ral,ge are des ired, so \Vhen 
a maximum reliability is required. For satis­
factor y oper ation in parallel , pumps should have 
a constantly r ising head fr om r ated capacity 
to Shut off. Wher e pumps of different capacity 
ra tings a r e to operate in parallel, the shut 
off head of the smalle1· pump s hould be slightly 
in excess of the shut off head of the larger 
pump. This is essential; 0U1erwis e, tJ1e smaller 
uni ts would be blocked off the line by the 
higher pressure developed by one of the la r ger 
pumps. 

Boiler feed pumps ar e of the high speed, 
mil ti stage type and are usually drl ven by a 
steam turbine. The maln feed pump, shown in 
figur e 9-12, may be i nstalled either i.n the 
fireroom or in the enginer oom. The feed pump 
r equires recirculation from the dis charge to 
the source of s upply to prevent t he fluid from 
turning t o s team which causes the pump to 
cavitate when oper ating at low capacity. The 
main feed pump oper ates at a discharge pr es­
sur e consider ably above tl1e maximum steam 
drum pressure; it operates at varying speeds 
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38.109 
Figure 9-12.-Maln feed pump. 

in order to maintain a constant discharge pres­
sure under all conditiom1. Main feed pumps are 
lilted with constant- pressure pump governors. 

Feed booster pumps are usually verttcal, 
Single- or two-stage pumps driven by a steam 
hlrblno or elect.l'ic motor. Feecl boos ter pumps, 
normally Installed In the cngincroom, have low 
suction and impeller eye velocities and operate 
at low speeds because or Ule low suction heads 
available. These pumpg shouJd be fitted with 
S\ICtlon vent connections and with a recirculation 
system. The recirculating line should be opened 
when starting or sccurlnit and when the pump Is 
dischorrrlnr; to a r eciprocat ing feed pump. At 
otho1· times, the recirculntlon from the centr H­
ugal main feed pump wlll provide sufficient 
protection against overheating or the booster 
pump at low capacities. 

Main condensate pumps are vertical, one- or 
two-stage pumps dr i\'en by steam turbines or 

clecb·lcal motors. Condensate pumpg take suc­
tion under extremely low submergence from the 
hot well or U1c condenser. The llrst-stage im­
pellers are usually of the slngle. top-suction 
type, and the suction nozzle and piping are so 
arranged that there is a continuous downward 
slope from U1~ condenser to the Impeller eye. 
The Impeller n1ust be submerited even at the 
maximum angle or the ship's roll or a se,·ere 
water hammer may occur. Figure 9-13 shows 
a two-stage condensate pump. 

Pumps !or main circulating service on high­
speed combatant ships are generally of the verti ­
cal propeller type an<I are driven by steam tur­
bines . Theso pumps have capacities of from 
10,000 to 40,000 gallons per minute nttotal head 
of approximately 30 feet. For such Installations. 
circulating pumpg are usually arranged to oper­
ate when maneuvering, backing, or 1tolng ahead at 
low speeds. At high speeds the scoop circulation 

is9 



ENGINEERING, OPERATION AND MAINTENANCE 

150.4 
Figure 9-13.-Two-stage condensate pump. 

ls adequate. In auxiliary ships, the main cir­
culating pumps are usually of the vertical, cen­
trifug-.tl, double-suction type and are driven by 
electric niotors. 

The majority of pumps for miscellaneous cir­
culating and supply applications are or the singlc­
inlet, centrifugal, volute type, and are close­
coupled to the driving unit . Electric power is 
generally used as the motive force. F igur e 9-14 
illustrates this type of pump. 

OPERATION ANO OPERATING TROUBLES 

The operating instructions for centrifugal 
pumps vary somewhat from one type to another. 
Before attempting to operate any pump, one 
should read the posted operating instructions 
and the valve labels , and check the piping 
markings . 

If a centrifugal pump DOES NOT DELIVER 
ANY LIQUID, tbe trouble may be caused by 
(1) lnsufrlclcnt priming; (2) insufficient speed 
Of the pump; (3) excessive discharge pressure, 
such as might be caused by a p.'lrtlally closed 
valve or some otl1er obstruction in the dis­
charge line; (4) excessive suction llft; (5) 
clogged Impeller passages ; (6) the wrongcUr ec­
tion of rotation; (7) clogged suction screen (if 
used); (8) ruptured suction li ne; or (9) loss of 
suction pressure. 

If a centrifugal pump delivers some liquid 
but operates at INSUFFICIENT CAPACITY, Uie 
lrouble may be caused by (1) air leakage Into 
the suction line; (2lair leakage Into the stuffing 
boxes, In thecaseofpumpsoperatlngatless than 
atmospheric pressure; (3) insu!ftclcnt speed of 
the pump; (4) excessive suc tion ll!t; (5) insuffi­
cient liquid on the suction side; (6) clogged 
impeller passages; (7) excessive discharge 
pressur e; 01· (8) mechanical defects such as worn 
wearing rings, Impeller s, stuffing box packing, 
or sleeves. 

If a pump DOES NOT DEVELOP ENOUGH 
DlSCHARGE PRESSURE, the trouble may be 
caused by (1) insufficient speed of the pump; 
(2) air or gas In the liquid being pumped; or (3) 
mechani cal defects such as worn wearing rings, 
i mpellers, stuliing box packing, or sleeves. 

If a pump WORKS FOR A WlULE AND THEN 
FAILS TO DELIVER LIQUID, thetroul>le maybe 
caused by (1) ai r leakage ln tho suctio11 line; 
(2) air leakage In the s tuffing boxes; (3) clogged 
water seal passages; (4) insufficient liquid on the 
suction side; or (5) excessive heat In the liquid 
being pumped. 

I! a motor-driven centrifugal pump TAKES 
TOO MUCH POWER. the trouble will probably 
be indicated by overheating of the motor. Tiie 
basic cause or the difficulty maybe (!)operation 
of the pump at excess capacity and insutricient 
discharge pressure; (2) excessively high viscos­
ity or specific gravity of the liquid being 
pumped; or (3) misalignment, a bent shaft, ex­
cessively tight stuffing box packing, worn wear­
ing rings , or other mechanical defects. 

VIBRATION of a centrifugal pump ls often 
caused by (I) mlsallgnment; (2) a bent shaft; 
(3) a clogged, eroded, or otherwise unbalanced 
Impeller; or (4) lack of rigidi ty in the foundation. 
Insufficient suction pressure may also cause 
,;bration, as well as NOISY OPERA TI ON and 
FLUCTUATING DISCHARGE PRESSURE, par ­
ticularly In pumps handling hot or volatile 
liquids. 
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150.5 
Figure 9-14.-Cross-sectlon of a motor-driven cent rifugal pump. 

II the pump fails to build up pressure when 
tJ1e discharge valve is opened and the pump 
speed increased, it will be Mcessary to: 

1. Secure the pump. 
2. See that the pump is primed and that all 

ah· is expelled t hrough the air cocks on the 
pump casing. 

3. See that. all valves on the pi.imp suction 
line are open. 

4. Start the pump again. If the discharge 
presimre Is not normal when the pump is up 
to its proi:.er speed, the suction line may be 
clogged, or an impeller brOkcn. It is also 
p0sslble tJ1at air Is being drawn Into the suction 
line or Into the casing. If any of these condi­
tions exist, stop the pump, try to find the sour ce 
of the trouble, and correct it, if possible. 

MAINTENANCE AND REPAIR 

The following discussion of maintenance and 
repair applies In general to most centrifugal 
pumps aboard ship. However, a number of 
different designs or centrifugal pumps a1·e 
In use; for s1ieciflc information on any particular 
pump, study the manufacturer's technical man\lal 
furnished with the unit. 

Inspections or Operating Pumps 

As a routine maintenance procedure, fre­
quent and regular inspections s hould be made 

or each pump that is in operation. At least once 
an hour, it should be ascertained that nil 
tempe1·ature and pressure gages are Indicating 
pr oper conditions and that ther e is proper 
leakage from the stuffing boxes. 

Lubri cating Systems 

Lack Of hibrication or improper lubrication 
is a major cause or pump failure. Bclore a pump 
is started, the level of oil in the sump should 
be checked-not only for the amount of oil, but 
also for quality or oil it contains. If water is 
found in the oll sump, a check should be made 
for leakage from turbine glands, " lellky oil 
cooler, or any other possible source of water 
contamination. The oil fil ters or sh·ainers must 
be checked frequently; in those "~th edge fil­
tration (such as in the Cuno type filter), the 
sediment, which will collect in the bottom of 
the mter, must be cl eaned out frequently. 
Housu1gs of grease-lubricated bearings should 
be checked occasionally to ensure that they arc 
free or water, dirt, and other foreign matter. 
If water Is round in the bearing hOuslng, it 
should be traced to its source. Wilen water or 
other foreign matter is found in a lube oil 
sy~tem, the unit should not be opel·ated until 
the system h~s been drained, clea11ed, and filled 
with the proper quantity and quality of oil. The 
frequency with which grease Is added to a 
bearing must be determined by the type of 
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service and the effectiveness of the gr ease 
seals. 

When a pUmp is started, It will be necessary 
to determine if: 

1. The lube oil pump is discharging at the 
designed pressur e. 

2. There Is oil now to all bearings. 
3. Cooling water is flowing through the ai r 

cooler. 
4. All air is vented from the oil cooler. 
5. It Is necessary to vent the lube oil system. 

If the system needs venting the vent at the 
highest potnt In the system should be opened 
until Oil appears, and then closed. 

Renewing Stuffing Box Pac.king 

The packing in centr ifugal pump stuffing box­
es shou ld be r enewed about once every 2 months . 
When packing Is r eplaced, the specified material 
and the correct size should be used. The joints 
in the packing rings must be staggered so that 
they will fall at different points around the shaft. 
The stuffing box should be packed loosely and 
set up lightly on the gland, allowing a liberal 
leakage. With the pump in operation. the gland 
should be tightened and the packing compressed 
gradually. It Is Important to do this gradually 
and evenly, in order to avoid excessive friction 

LIQUID 
SEAL 

which would cause overheating and possibly 
scoring of Ute shaft or the shaft sleeve. It ls 
usually necessary to put in more p.'leldng rings 
after the n rst ones have been compressed. 

On some centrifugal pumps, a lantern ring 
is Inserted between the rlngs of the packing. 
When stuffing boxes on such pumps arc replaced, 
the packing beyond the lantern rl ng should be 
replaced. The s tuffing box should be packed i n 
such a way that the packing will not 'block off 
the liquid seal connection t o the lantern ring 
after the gland has been tightened . 

Figure 9-15 shows a stuffing box on a cen­
trifugal pump. Notice that the P<'1Ck1ng is so 
arranged that the lantern ring will line up with 
the liquid seal connection when the gland is 
tightened. 

Care of Shaft Sleeves and Water Fl!ngers 

On most centrifugal pumps, the s haft is 
protected at the stuffing box by sleeves which 
ar c cl th er screwed or keyed to the shaft. 
Sleeves should be examined whenever the pump 
is opened for Inspection or repair. The sleeves 
must be properly fitted to the shaft to keep 
water from leaking between the shaft and the 
s leeves. U leakage does occur, a fiber or 
asbestos washer must be fitted between the 

SHAFT 
'----~/\ S~EE VE 

28.35 
Figure 9-15.-Stuffing box on centrifugal pump. 
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encl or the sleeve and the shalt shoulder and all 
clearances filled with white lead or red lc:td. 

The outer surraec of the sleeve must be kept 
smooth nod free from scores, in order to pre­
vent exccasive wear of the packing. A sleeve 
whlch is only slightly wol'n or scored should be 
~nt to the shop ror a Unlshlng cut to smooth 
tho surface. A badly worn sleeve should be 
replaced. 

Water lingers are fitted on shafts outboard 
of the stuf11ng box glands to prevent water from 
nowlng along the eha!t and entering the bearing 
hOuslng. The water flingers must be tightly 
ntted to the shalt. 

tnspecl:lon and Rencw:tl of Wearing n!ngs 

Most centrilupl pumps have both impeller 
wearing rings and casing wearing rings, similar 
to tliose shown In figure 9-16. The smaller ring 
rtts over the hub or the impeller and turns wlth 
It; the larger ring Is stationary, being attached 
to the casing and prevented Crom turning by the 
semlclrcula1· flange or shoulder on one side. 

A close clearance must be maintained between 
the two wearing rings in order to prevent 
excessive leakage Crom the high pressure side 
to the low pressure side of the impeller. Son1e 
pumps h~ve wearing rings only on the casing; 
in this design, the close clearnnce must be main­
tained between the Impeller Itself and the casllll( 
wearing ring. 

Wearing ring cl earance must be checked 
frequently and must be malnlalned wltllln tho 
specified tolerances. Tile allowable wear In 
these rings varies nccordln~ to the type of 
pump and the s ervice for which the pump Is 
used. If it isnecessarytoreplacewearlng rings 
(whon clearances exceed the specified figures) 
the manuracturer's Instructions must be Col· 
lowed car e!\1Uy. Impr oper Clttlng of lhe wearing 
rings or incorrect assembly of the pump can re­
sult In serious damase. On most ships, this Job 
can be done by the Ship's forco but It requires 
Ilic complete disassembly of the pump. All 
necessary Information on disassembly of the 
unit, dimensions or the wearing rings, nod 
reassembly of the pump can be round in the 
manufacturer's technical manual. 

lMPa.uR 
Wint IMPEIUR 
WEARING RING 

IMPBlER AND 
CASING WEARING 
RINGS 

'15.281 x 
Figure 9·16.-Centrifugal pump impeller and wearing 1·1ngs. 
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96.15 
Figure 9-17.-Mal n condenser circula ting pump, s howing 

interna l water-lubricated bearing. 

than Ule oil film; however, lubrtcatlon still 
plays an Important part in the operation because 
it dlsstpates heat and prevents corrosion. The 
oil film also helpS prevent rorelgn matter rrom 
entering tile bearing. Enough grease or oil 
should be supplied to provide a protective film 
over the bearlnr; parts; using an excessive 
amount of lubricant will cause it to chur n and 
the bea1·lng will overheat. 

When a roller or ball bearing falls in serv­
ice, it must be renewed as it cnnnot be r epair ed. 
The replacement bearing must be ca rcf\1lly in­
stalled If It is to give satisfactory service. 

Replacing Pump Rotors 

Pumps, like all machinery, in time, will need 
overhaul1ng. Much of the work on pumps Involves 
removing the rotor from the casing. To renew 
wearing rings, bearings, packing, s leeves, or 
impelle rs, the casing must be removed and the 
rotor li fted out . 

When tho rotor parts are disassembled, the 
shaft should he checked carefully. The journal 
surfaces should be checked ror burrs or nicks. 
Ir a lathe ls available, the shaft can be swung 
in the lathe, and wiU1 a dial \ndlcMor, it can 
be determined whether U1e shaft Is bent or the 
journals are out of r ound. The journal surfaces 
can be measured will! an outside micromete r 
to determine whether there is wenr. If the 
joul'llals a r e worn or out of round, they can be 
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built up and machined to the designed diameter , 
at a rep.'\lr activity. If the wearing rings arc to 
be renewed, they will have to be fitted either in 
the ship's machine shop, or at a repair activity. 

All parts of a rotor must be clean and free 
of burrs (especially tl1e faces of the Impeller and 
the sleeves) when the rotor is 1·cassembled. 
The oil clearances of the jou rna l ancl thrus t 
bearings, the 1·mming c learance or the wearing 
rings, the clearance between the illl))eller and 
diaphragm bushing, and clearance between the 
shaft sleeve and stuffing box bushing should be 
within the limits indicated in the manufacturer's 
technical manual. 

Before a rotor is lowered. it Is necessary to 
roll In the lower half of the journ:il bearings 
ru1d clean a ll foreign matter from the lower 
half or the casing. A new parting flange l)'asket 
should be used to avoid leaks, as inle1·11nl leaks 
will lower the e fficiency and maximum capacity 
of tho pump. The·n the lifting gea1· sl\ould be 
attached and the r otor lower cd into the casl ng. 
A check shOuld be made to see tllatall stationary 
rotor parts (diaphragms, casing rings, and 
stuffing box bushings) enter tl1ei1· respective 
fits in the casing without binding. Ir rorce h.~s to 
be applied to tile rotor parts so that they can 
entel' tl1e casing, the rotor should be 1·emoved 
and a ll parts checked for dirt and burrs. 

When the rotor is in place, the upper half of 
the casi ng should be lower ed. The casing must 
nt over the rotor e<tsily. If It does not, the uppe r 
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casing hall should be removed and examined for 
dirt and burrs. When the upper and lower casing 
halves contact each other properly, the casing 
dowels should be inserted. Next, the parting 
flange nuts should be tightened evenly by going 
over them several times. Then the th1·ust bear ­
ing should be assembled, the upper half of the 
bearing placed in position, and the two halves 
of each bolted together. The flingers sh0\1ld be 
adjusted so that they are close to the face of 
the bearings, however, t11ey MUST not rub. 
Then U1e flinger setscrews are tightened, the 
bearings closed up by placing the caps over 
them, the bolts tightened, and a reading should 
be taken on t11e tltrust bearing clear ance. 

The pump shaft and turbine shaft MUST be 
in correct alignment. For information on pump 
alignment, refer either to the manufacturer's 
technlcnl manual for the specific pump or to the 
Bureau ot Shi~s Technical Mamml. 

All water I nes MUST be In place and tightened 
before attempting to align the unit, otherwise 
tightening the lines may cause misalignment of 
the unit. The stuffing boxes should be packed 
with tJ1e proper 1>acking: then the unit Is ready 
to be tested. 

The pump should be rotated several times, 
by hand, before steam is cut Into the driving 
unit. There must be no w1dueblndlng or friction. 
If all conditions are satisl'actory after repairs 
have been completed, the pump should be 
brought up to operating speed and pressure. 
When the pump is used for the first time, it 
should be kept under close observation for 
several hours and should not be considered 
ready for unlimited operation until It has carried 
tl1e requl red load with the ship underway. 

SAFETY PRECAUTIONS 

The following safety precautions must be ob­
served in connection with the operation of centri­
fugal pumps: 

I. Seo tlmt all relief valves are tested at the 
appropriate intervals. De sure that r cllcfvalves 
function at the designated pressures. 

2. Never attempt to jack over :1 pump by 
hand while the steam valve to tJ1e pump ls open 
or while the power Is on. 

3. Do not tie down the overspeect trip, U1e 
speccl-llmltlng governor, or the speed-regula­
ting governor . Do not in any way attempt to 
r ender these devices inoperable. De 8u1·e U1at 
speed-limiting and specd-regul:ttlng governors 
aro properly set. 

4. Do not use any boiler feed system pump 
for an)' service other than boiler or feed water 
service, except In emergency. 

ROTARY PUMPS 

All rotary pumps work by mttans or rotating 
parts which trap the liquid at the suction side 
and force It thr ough the discha rge outlet. Gears, 
screws. lobes , vanes, and cam-and-plunger ar­
rangements a r e commonly used as the rotating 
elements In rotary pumJ>.5. Rotary pumps, like 
r eciprocating pumps, oper ate on the positive­
displacement principle-that is, each rotation or 
each stroke delivers a definl te quantity Of liquid. 

Rotary pumps are particularl y useful for 
pumping oil and other heavy, viscous liqulds. Jn 
U1e fi r eroom this type of pump Is used for fuel 
oll servlco, fuel oil transfer, and lubricating oil 
service. Rotary pumps are al$0 used for non­
viscous liquids, such as water or gasoline, where 
the pumping p1·oblem involves a high suction l!ft. 

The power end of a rotary J>Ump ls usually 
an electric motor or a steam-driven turbine. 
The main fuel oil service and transfer pumps 
are generally steam-driven. A smaller fuel oil 
service pump driven by an electrtc motor is 
often used for in-port steaming or for steaming 
at low flrlng rates. In addition, most flrcrooms 
have a hancl-d1·iven fuel oil servlcc pump which 
can be used either for lighting off bollers in a. 
comple tely cold plant or for emergency fuel oil 
service In the event of complete power failure 
of tJ1e ship. A hand-driven fuel oil servlce pump 
is shown tn figure 9-18. 

Rotary pumps ar e designed with very small 
clearances between rotating parts, and between 
rotating p.vts and stationary parts, In order to 
minimize sllppage from the dischar ge s ide back 
to the suctlon side. Rotary pumps arc designed 
to operate at relatively low speeds In orcler to 
maintain these <:lear ances; ope1·atlon at higher 
speeds would cause erosion ancl excessive 
wear, which would result in increased clear­
ances. 

Classlfieation of rotary pumps is generally 
made according to t11e type of rotating element. 
Jn the following paragraphs we will discuss 
briefly the main features or p;ear pumps and 
screw pumps. 

The S™PLE GEAR PUMP has two spur 
gears which mesh together and r evolve in op­
posite cUrectlons . One i s the DnJVING GEAR, 
and the other ls the DRIVEN GEAR. Clearances 
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between the gea1· teeth and the casing and be­
tween the gear faces and the casing are only a 
few thousandths or an inch. The action of the un­
meshing gears draws Uie liquid into the suction 
side of the pump. The liquid Is then trapped in 
the pockets formed by the gear teeth and the 
casing, so that It must follow along with Uie 
teeth. On the dischuge side, the liquid Is forced 
out by the meshing of the gears. 

The HERRINGBONE GEAR PUMP lsamocli­
flcation of the simple gear pump. In the her­
ringbone gear type, one gear type, one discharge 
phase begins before the previous discharge phase 
is entirely complete; and this overlapping tends 
to give a steadier discharge pressure t han is 
found in the simple gear pump. The hand-driven 
fuel oil service pump shown in fig\1re 9-18 jS a 
herringbone gear pump. Power-driven pumps 
of this type are sometimes used for low-pressure 
iuel oil senice, lubricating oil service, and 
Diesel oil service. 

The HEUCAL GEAR PUMP is still another 
modification oC the simple gear pump. Because 
Of tile helical gear design, the overlapping of 
successive discharges from spaces between Uie 
teeth is e'•e11 greater than It is in tJie her1·lng­
bone gear pump; and the discharge flow is, ac­
cordingly, even smootJ1er . Since the dischar ge 
flow is smooUi in the helical gea1· pump, the 
gea1·s can be designed with a small number of 
teeth, thus allowing increased capacity without 
sacrificing smooth11ess of flow. 

The pumpl11g gears in Ulis type of pump are 
driven by a set or ti.ming and driving gears, 
wbicll also function t.o maintain the required 
close clearances while pr eventing actual metallic 
contact betwee11 Uie pumping gears. As a matter 
of fact, metallic contact between the teetJi of the 
pumping gea1·s would provide a tighter seal 
against slippage; but it would cause rapid wear 
of the teeth because foreign matter in the pumped 
liquid would be present on the contact &'Urfaces . 

Roller bearing at both ends of the gea r shafts 
maintain proper alignment, and so minimize the 
friction loss ill the transmission or power . 
Stuffing boxes are used to prevent le:ikage at the 
shafts. The helical gear pump is used to pump 
nonviscous liquids and light oils at high speed. 
It can also be usccl to pump heavy, viscous ma­
terials at lower speed. 

The LOBE-TYPE PUMP is still another vari­
ation oC the simple gear pump. The lobes are 
considerably lat•ger than gear teeU1, but U1ere 
are only two or three lobes on each rotor. The 
rotors are drh•en by external spur gears on 

38.104 
Figure 9-18. -Hand- driven f\Jel oil 

service pump. 

the r otor shafts. Some lobe pumps are made 
with r eplaceable i nserts (gibs) at the extremities 
of the lobes. These inserts take up the wear 
which would otherwise be sustained by the ends 
of the lobes; and, in addition, they maintain a 
tight seal between the lobe ends and the casing. 
The inse1·ts ar e usually seated on a spring, and 
are thus able to automatically compensate for 
conside1·able wear of both Uie glbs and the cas­
ing. Replaceable cov<ir plates (liner plates) ar e 
fitted at eacli encl of the casinc-, where the lobe 
faces cause heavy wear . 

Ther e are several types of SCREW PUMPS. 
The main points or difference between the vari­
ous types are the numbe,. or intermeshi ng 
screws and the pitch of Ute screws. A OOUBLE­
SCREW LOW-PITCH PUMP is shown in figure 
9- 19. This type of pump is widely use<lon board 
ship as a fuel oil service pump. Figures 9- 20, 
9-Zl, and 9-22 show various views of a THIPLE­
SCREW HIGH-PITCH PUMP. 

In the s<ii·ew pump, the liquid is trapped and 
forced Uirough the pump by the action or rotating 
scr ews . Screw pumps have few moving parts 
and 110 valves to get outoforder. They may have 
two or tJ1ree screws, and are divided tnto high­
and low-pl tch types. 

The ti·lple-sc .. ew, high- pitch pump has three 
screws or roto1·s tliat revolve within a close 
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1110.lUl 

38.105X 
Figu1·e 9-19.-0ouble-screw low-pitch pump. 

fitting housing. The power rotor, in the center, 
Is In mesh \\1th, and drives, tl1etwoidling rotors 
(idlers). As t11e rotor turns, the liquid nows In 
between the threads at the outer end or each 
pair of screws. TI1e threads carry the liquid 
along within the housing to the center of the 
pump, where ii is discharged. 

ROTATrNG- PLUNGER PUMPS are used In 
tJ1e naval service for Ille following applications: 
fuel oil and Diesel oil service, fuel oH bOOster 
and transfer service, fuel oil tank drains and 
lubricating Oil service. 

Figure 9- 23 illustrates the main operating 
parts or the rotating plunger pump (sometimes 
classified as a "cam-nnd-plunger" pump). The 
plunger ls shown in three positions, (1) to (3), 
Illustra ting the pu111pinp; process . The main 
body of U1e pump is a cylinder witl1 tJ1e suction 
por t entering through the slde, as shown, in tbe 
upper left-hand corner. The drive shaft, con­
centric with the pump cylinder , C.'lrries an ec­
centric strap which bas a slightly smaller diam­
eter than the pump cylinder. This eccentric 
strap operates as a piston or " plunger." The 
eccentl•ic arm plus the rndl\1s or tbe plunp;e1· Is 
cqul valent to the radlu~ of the cylinder less t11e 
necessary operating clearances. Therefore, with 
each revolution or the eccentl·ic, the point of 
nearest contact of tlie plunger on the cylinder 
wall rotates completely around tbe cylinder. 
Motion of the plunger about its own center ls 
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38.106 
Figure 9-20.-Trlple-screw high-pitch pump. 

constr ained by a hollow arm, or s lide, which 
extends from the plunger through a slot in the 
top of the cylinder, and above that point, thr ough 
a slotted pin carried in a bea ring which seals 
the cylinder space from the d!sel1arge space. 

Referring to (1) in figure 9-23 It may be 
seen that liquid trapped in U1e right side of the 
cylinder will be [arced through the hollow arm 
to the cllschnrgc line as the eccentric rotates 
countercloclcwlse. View (2) shows tho next phase 
with the space on the left side opening, t11ere­
by creatil1g a vacuum which causes liquid to 
now in from the suction line. The next stage, 
shown at (3), Illustrates the discharge port, at 
the bottom oI the hollow arm, beginning to close. 
The discharge port is closed by the slide pin, 
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38.107 
Figure 9- 21.-Internal parts of a triple-screw high-pitch pomp. 

during tlle suction portion of the stroke. When 
the eccentric turns slightly furtJ1er, the point of 
contact of the plunger on the cylinder will pass 
over tJ1e suction port and trap tlie new charge 
on the discharge side, as shown in View (1). 

In order to reduce the tendency to pulsate, 
rotating-plunger pumps usually employ two 
plungers whose driving eccentrics are 180° 
apart on the shaft. The plungers are separated 
by a diaphragm through which tJ1e shaft extends. 

The MOVlNG-VANE TYPE PUMP, illus­
trated in figure 9-21, consists of a cylindrically 
bored housing with a suction inlet on one side, 
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and a discharge outlet on the oilier side. A cyl­
indr ically shaped rotor of less diameter than 
tile cylinder is driven about an axis placed above 
t11e center line of the cyltnder so that cleat·ance 
between the rotor and cylinder, at the top, is 
s mall, and is at a maximum at the bottom. 

Tbe rotor carries vanes which move in and 
out as it rotates to maintain sealed spaces be­
tween the rotor and the cylinder wall. The vanes 
trap liquid on the suction side and carry it to 
the discharge side where contraction of tl1e 
space expels liquid through the clischarge line. 
The vanes may swing on pivots, as shown in the 
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47.80 
Figul'e 9-22.-Cutaway view of triple-Sc!'ew 

high-pitch pump. 

illustration, or they m:.cy slide in slots in the 
rotor. This type of pump, as well as other vane­
type pumps, is used for l\tbricating oil service 
and transfer, and in general for handling lighter 
viscous liquids. 

USAGE JN NAVAL SERVlCE 

Positive displacement rotary pumps have 
largely supplanted reciprocating pumps for 
pumping all viscous liquid. They are also used 
for gasoline or other low viscosity volatile 
liquid where a high suction lift is required. 
Rotary pumps are suitable for handling liquid 
over a wide range o[ viscosities. The power re­
quired increases with the viscosity due to the 
increased friction within the pump. The speed 
of the pump should be reduced when handling 
increased viscosities so that the rotors are 
allowed sufficient time to fill . Rotary pumps 
are not suitable for handling corrosive liquids 
or liquids containing abrasive solids. 

Rotary pumps are used by the Navy for tJ1e 
following types of services: 

1. Boiler fuel oil. 
2. Fuel oil booster and transfer. 
3. Diesel oil and transfer. 
4. Fuel oil tank draining. 
5. Lubrlcating oil and t ransfer. 
6. Fuel oil, gasoline, or water cargo. 
7. Cargo stripping. 
The screw-type pumps are extensively used 

for boiler fuel oil service. The gear-type pumps 
are used for this application to a lesser extent. 
Other types, such as tile lobe-type pump, are 
not suited for high pressure fuel oil ser vice be­
cause of their larger rotors. The large rotors 
cause excessive shaft deflection and heavy bear­
ing loads. 

Two types of in port fuel oil service pumps 
are in current use. Most combat.mt ships have 
motor-driven, axial piston pumps installed. 
This type of pump is designed to operate with 
varying capaclty at constant motor and pump 
speed. This is accomplished by means of a con­
st.ant pressure governor which adjusts the st roke 
mechanism in response to tJ1e burner demand. 
This control is usually augmented by a manually 
operated capacity control. Some ships are 
equipped with pumps of a constant delivery 
type. These pumps are similar to those used for 
mahl fuel oil service. 

Fuel oil booster and transfer pumps often 
encounter severe operating conditions. These 
pumps are usually driven by multispeed motors 
or steam turbines to ensure a wide range of 
capacities. 

Most of tile pumps previously described are 
suitable for diesel oil service. Gear pumps are 
often \tsed for tllis service due to their economy 
Of space and weight . 

Main lubricating oil pumps for surface ships 
are subjected to severe operating conditions 
because of entrained air in the lubricating oil. 
This has been particularly noticeable in lubri­
cating oil pumps which must run at their maxi­
mum capacity regardless of the operating 
conditions . The pumping of these air- oil 
mixtures results in pulsating discharge pres­
sures and vibration of the pump and tJ1e pip­
ing. Screw-type rotary pumps are used for this 
service. 

Pumps used for cargo stripping must main­
tain a suction lift, or act as a continuous prim­
ing pump for the centrifugal main cargo pumps. 
Vane •pumps, similar to tllat illustrated in fig­
ure 9-24, are used for this service. 
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47.46 
Figure 9- 23.-0peratlng parts or the rotating plunger pump. 

OPERATING TROUBLES 

The oporatiog instructions ror rotary pumps 
can be obt:tlned from either Chapter 9470 (47) 
of the Bureau of Ships Technical Manual 01· the 
manufacturer's technical manual tor the s pe­
cilic unit. Some rot;u:y pump operating troubles 
and causes are considered In the paragraphs 
which follow. 

Pump Falls to Deliver Liquid 

Sometimes a rotary pump falls to deliver 
liquid or delivers some liquid but ts unable to 
reach the required capacity. A pump may de­
liver llquld for a while and then lose suction or 
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fail to deliver. Under some condition.~, " rotary 
pump wtll require excessive power In order to 
operate at tl>e proper capacl ty. Ir any or these 
troubles occur, or if the pump opcratos at ade­
qmite capacity but 1~ noisy l11 oper ation, t11e pump 
should be s topped as soon as practicablo and the 
source or the trouble located. Somo common 
causes or faulty operation in rotary pumps are 
discussed here. 

Insufficient Priming 

Rotary pumps are generally self priming. 
However, a pump operating under a high suctlon 
li!t may become alr -boun(l or vapor -bound and 
may not be able to prime itself. 
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SIVINGING TYPE 
MOVING VANES 

47.47 
Figure 9-24.-Moving vane type pump. 

Clogged Suction or Dischar ge Lines 

All valves In the suction and discharge l!nes 
should be checked to be si1re they are open. A 
check s hould be made tq see If a broken valve 
spring or a detached or damaged valve disk is 
causing Ute trouble. The suction strainer (if 
fitted) should be checked to be sure It is not 
clogged. 

Air Leakage 

Air leakage Into the suction side of the pump 
or Into any part or the suction piping or the suc­
tion manifold will cause Improper operation of 
the pump. 'the pump s tuffing box and the packing 
on all valve stems in the suction line and s uc­
tion manifold should be checked to ensure that 
air Is not leaking into the suction side Of the 
system. The end o! the suction pipe must be 
properly submerged in the liquid supply. 

Vapor Or Alt· Lock 

Excessi\<e suction lift or excessive tempera­
ture of the p11mped liquid may cause partial 

vaportza ti on of the liquid and ther eby cause 
vapor lock in the s uction piping. Vapor lock is 
most likely to occur in long suction lines U1at 
have a good many loops and bends (fig. 9-25), 
particularly if the pump is handling oil which 
has recently been taken on or oil which bas 
been heated. Vapor lock is Indicated by noisy 
operation and by pounding In the pump. To 
r emedy this condition, another tank should be 
lined up, using another manifold If possible, and 
suction shifted. When the pump operates properly 
from this tank, a s hift shoi1lcl be made back to 
the original tank, and the pump operated slowly. 
Reducing the speed of a rotary pump may help 
to prevent the development or vapor lock. 

Entrained Gas 

Air or other gas which ls entrained In the 
liquid being pumped affects Ute capacity or U1e 
pump even at zero suction liCt; and, as the pres­
sure in t he suction line decreases, the effects 
of entl'ained gas become even more pronounced. 
Entrained gas causes the same kind of noisy 
ope1·ation and p0unding in the pump as is caused 
by vapor lock. Ileducing the speed of the pump 
or heating the oil being pumped may help to 
remedy the Situation. 

It should be noted that air or other gas which 
Is dissolved in the pumped liquid does not affect 
the capacity or the pump at zero suction lHt. As 
the pressore in the suction line decr eases, how­
ever, t he dissolved gas is freed from the liquid 
and U1ereby becomes entrained. 

• •• • • ~o 
0 

I I> FT. 

104.5 
Figure 9-25.-Type of piping arrangement 

likely to cause vapor lock. 
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Excessive Viscosity 

If the liq\lid being pumped is too heavy or too 
viscous for the design of the pump, an exces­
~ive amount of power will be requi1·ed to operate 
the unit. To con·ect this tro\lble, the viscosity 
Of the pumped liquid should be r educed by heat ­
ing and the speed of the pump should be reduced. 

Improper Direction of Rotation 

If a motor-driven pump fails to develop dis ­
charge pressure when it Is first operated after 
major repairs have been made to the motor, a 
check shOuld be made to see that the pump is 
rotating in the proper direction. 

MecMnlcal Defects 

'!'here are a number or mechanical defects 
which may cause serious operating difriculties 
lo rotnry pumps. If a pump does not operate 
properly, it should be cheeked for mls:tlignmcnt, 
tight packing, binding of tile rotors, a bent shaft, 
an improperly adjusted relief valve, and other 
defects. 

Additional information conceming- operating 
dimcultles can be obtained from the manufac­
turer's technical manual for the specific pump 
Install,, ti on. 

MAJNTENANCE AND REPAIR 

The information in this section Is supple­
mentary to that given earlier in the chapter. 
For more detailed informatio11 concerning any 
pClrticular unit, consult the manufacturer's tech­
nical manual. 

Shaft Packing 

The triple-screw high-pitch rotar y pump, 
which ls widely usecl in the Navy, has only one 
stuffing box. It is located in the upper casing 
head and IS subject only to suction pressure. 
Au extemal pipe connects the pump discharge 
and the st\1ffing box, allowing the pumped oil 
to seal the stuffing box and lubricate the bush­
ing which forms the seat for the packing and 
acts as an upper bearing. A valve in the liquid 
seal line is factory adjusted to provide the cor ­
rect amount of oil now. The adjustment of this 
valve should NOT be changed. If the setting ls 
disturbed, the valve should be reset so as to 
allow a slight leakoff from the gland when the 

pump is operating under the conditions Convhich 
it was designed, with the packing in good shape 
and the gland stud nuts tightened just enough to 
seat the packing firmly. Under no circumstances 
should the pump be operated with this valve 
closed. 

The procedure Cor repacklng the stu!!Lng box 
ls the same as U1e procedure for repacking 
stuffing boxes on centri!ugal pumps. 

In addition to stuffing box type packing, U1e 
packing around the shafts of rotary pumps may 
be or t.he l:>.byrinth type, the rotar y seal type, 
or a combination or these types. If the shaft 
packing is not supplied with sealing and lubri­
cating liquid, the paclctng will become !lot from 
excessive friction, seriously damaging the pack­
ing, and scoring the shaft or sleeve. 

Renewing Wearing Plates and Liners 

The clearances between pump rotors and 
casing wearing plates and cylinder liners should 
be maintained as shown on manufacturers' 
plans. On a low pressure, low suction ll!tpump, 
such as lubx·icating oil, diesel oil supply, and 
tank drnin p\1mps, the drop in pressure across 
the clearance spaces does not usually exceed 50 
psi. and the clearnnce between parts, with this 
type pump, may wear to as much as 0.005 to 
0.010 inch without appreciable effect upon the 
capacity of the pump. Therefore, wearing plate 
and liner renewal shOuld not be undertaken for 
this type pump until wear or increased clear­
ance has exceeded these figures, or in tlle case 
of 1\tel oil tank di-ain pumps, until tile pump will 
not pull a vacuum of at least 16 inches me1·cury 
with the suction valve closed. The engineer 
officer should decide in each case wheU1er or 
not the amount of wear of clearance parts dic­
tates i-enewal. For boiler fuel oil service pumps, 
however, the effect or increased clearance makes 
itself felt by reduction in the efficiency and in the 
maximum caJl'lClty of · the pump. For this class 
or service the wearing parts should be renewed 
when the clearances exceed the designed clear­
ances shown on manufacturer's plans by about 
l 00 percent. 

Whenever the pump casing Ls opened, the 
clearance between the casing liner s and plates, 
and various parts of the rotors and shaft, should 
be measured to see If excessive wear has taken 
place and If renewal is necessary. If the beai-lngs 
are woro excessively, it will be nece~sa1·y to 
renew the liners. However , they should not be 
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renewed unless the pump bearings, that may be 
down, are first restored to their original read­
ings. The required oil clearances for bearings 
is usually given on the manufacturers• plans. 
In the absence of such Clata, the table of toler­
ances and clearances in the Bureau of Ships 
Manual should be followed. 

Timing Gears 

Timing, or synchronizing, gears are fitted to 
the 1·otor shafts to maintain correct clearances 
between the two pumping rotors during opera­
tion. To accomplish this, the gears must be 
securely locked to the rotor shaft in their exact 
position to maintain a clearance between the ro­
tor elements as the shafts make a complete revo­
lution. Therefore, no lost motion is permissible 

in way of keys or pins holding the rotors and 
gears in position on the shafts. 

SAFETY PRECAUTIONS 

Tbe following precautions must be observed 
in the operation or rotary pumps: 

1. See that all relief valves are tested at the 
appropriate Intervals. Be sure that relief valves 
function at tlie designated pressures. 

2. Never attempt to jack over a pump by 
hand while the ste.i.m or power Is on. 

3. Do not tic down the overspeed trip, the 
speeel-limitlng governor, or the speed- regu­
lating governor. Do not in any way render these 
devices inoperable. 

4. Never operate a positive displacement 
rotary pump with the discharge valve closed, 
unless provision Is made for adequate discharge. 
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CHAPTER 10 

HEAT EXCHANGERS AND RELATED EQUIPMENT 

Al1y device or apparatus designed to allow the 
transfer of heat from one fluid (liquid or gas) to 
another is a heat exchanger. Boiler s, distilling 
plants, and deaerating feed tanks are primary 
examples of heat exchangers; however, these 
large and r elatively complex pieces of equip­
ment are seldom r eferred to as heat exchang­
ers . 

ill order for heat to be transferred from one 
substance to another, a temperature diffe1·ence is 
required. Heat flow or heat tr ansfer can occur 
only from a substance that is at a higher tem­
perature to a s ubstance that is at a lower tem­
perature. When two objects at different tempera­
tures are placed in contact with each other, 01· 
near each other, heat will flow from the warmer 
object to the cooler one \U1til both objects are at 
the same temperature . Heat transfer occur s at a 
faster rate when there is a large temperature 
difference than when there is only a slight 
temperature difference. As the temperaturedif­
ference approaches zero, the rate of heat flow 
also approaches zero. 

In some heat exchangers it is desirecl to 
RAISE THE TEMPERATURE of one fluid. F\tel 
oil heaters, combustion air preheaters, lube oil 
heaters, and many other heat exchangers used on 
board sh;p serve this function. 

In some heat exchangers it is desired to 
LOWER THE TEMPERATURE of one fluid. 
Lube oil cooler s , boiler water sample coolers, 
and desuperheaters are examples of this type 
of heat exchanger . 

In condensers, LATENT HEAT MUST BE 
REMOVED from a fluid in order to make it 
change from a gas to a liquid. Ve17 often, it is 
necessary to r emove the latent heat without 
removing any sensible heat - that ls , It is desired 
to change the state of the fluid but not to lower 
its temperature. For example, the purpose of the 
main condenser is to r emove the latent heat 
from the turbine exhaust steam sothatthesteam 
will condense. ln this process, however, it Is 

NOT desil·ed to lower the temperature of the 
condensate. Since any heat removed from the 
condensate must be r eplaced In thP. deaerating 
feed tank or In the boilers, lowering the tem­
perature of the condensate is wasteful of heat 
and therefore wasteful of foe!. 

In some heat exchangers, LATENT HEAT 
MUST BE ADDED to a fluid in order to make It 
change from a liquid to a gas. The generating 
part of a boiler is a good example of this type of 
heat exchanger. Since it is impossible to raise 
the temperature of the steam as long as it is in 
contact with the water from which it Is being 
generated, the steam does not increase in tem­
perature tmtil it has been drawn off into another 
heat exchanger (the s uper heater}. 

This chapter deals with the important heat 
exchangers and associated equipment located ln 
the engineroom. This group of equipment includes 
the main and auxiliary condensers, the air 
ejectors, and thedeaeratingfeedtanks. Worma­
tion concerning other heat exchangers may be 
obtained from either the manufacturer's tech­
nical manual or the Bureau of Ships Technical 
Manual. 

CONDENSERS 

Since the main condenser of a steam plant is 
one of the most important units in the plant, the 
operation of the main condenser is discussed 
here in some detail. 

A typical main condenser system Is Illus­
trated in figure 10- 1. There are two separate 
circuits invol ve<l in the condensation of steam 
in a condenser of this type. The first is the 
vapor-condensate circuit, in which the s tear.i 
exhausted from the turbine enter s the condenser 
at the top of the shell and comes into contact 
with the outside s urfaces ofthecondensertubes. 
The latent heat of the steam is transferred 
thNugh the tube walls to the sea water that is 
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Figure 10-1.-Schematic arrangernent of a main condensing system. 

flowing inside the tubes. As its latent heat of 
vaporization is removed, the steam condenses 
on the tube surfaces. The condensat e t hen falls 
to the bottom of the condenser and drains into 
the hot well, from which it is removed by the 
condensate pump. Ah· and other noncondensable 
gases which enter with the exhaust steam ar e 
drawn off by the air ejector through an AIR 
EJECTOR SUCTION OPENING in the shell, above 
the condensate level. The second circuit in the 
condenset· is the cooling water circuit . During 
normal ahead operation, sea water flow th1·ough 
ihe condenser is provided automatically by 
means of the INJECTION SCOOP. The scoop is 
located below the water line, and the forwar d mo­
tion of the ship (5 knots or above) causes sea 
water to flow through the condenser . STRAINER 
BARS are installed in the sea chest to st.rain out 
debris which could foul the piping and the con­
denser tubes. The injection and overboard dis­
charge lines are providecl with expansion joints 
to prevent undu~ strains as a result of either 
change in temperature or working of the hull. 

A main CIRCULATING Pl.IMP pr ovides a 
flow of water through the condenser at times 
when scoop injection is inadequate- as, for 
exan1ple, \Vhen a s hip is stopped, ha.eking; dov1n, 
or moving ahead at a very slow speed. A 
large SWING-CHECK VALVE OR NONRETUR N 
VALVE, which prevents backflow of water, is 

installed in the main injection line; another one 
is installecl in the main circulating pump dis­
charge line. When water is flowing into the con­
denser through the main injection line, the 
nonreturn valve in the main circulating purnp 
discharge line prevents the backflow of water 
through the pump. When the circulating pump is 
in operation, the non.return valve in the main 
injection line prevents backflow of water through 
that line. 

The main circulating pump, usually of the 
propeller type, must have a large capacity (as 
high as 30 ,000 gpm against a very low head). 
The main circulating pump is provided with a 
bilge suction line so that it can be used to pump 
water overboard in case of serious flooding of 
the engineroom. 

Main condenser circulating pumps (provided 
with b ilge suct ion connections) generally con­
stitute the lar gest potential capacity available for 
pumping enginer oom bilges; it is important that 
respon.c;il>le personnel lo\O\\I ho'v to 1nake neces ­
sary connections to these suctions in ~in eine r­
gency. It is usually necessary only to turn the 
bilge suction line stop or stop-check valve one­
fourth to one-third open, to obtain maximum 
bilge suction capacity. 

To ensure proper maintenance of a con­
denser, there are certain installation and con­
struction features '"hich you should understand. 
Modern installation practice is to suspend the 
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condenser Crom the turbine rather than to have 
the condenser suppor t the turbine. This allows 
for a i:reatly 1·educed weight, and maJ<es it un ­
necessary to use an expansion joint between the 
turbine and the condenser. 

All main co1idcnsers that have scoop injection 
are of the straltht-tube, single-pass type; they 
are usually of thO general construction shown 
in figure 10-2. 

A main condenser may contain from 2,000 to 
10,000 copper-nlckle alloy tubes, usuallyor5/ 8-
lnch diameter. The length or the tubes and the 
number of tubes depend up0n the s ize of the 
cond~nser; the size depends upon the capacity 
requh·ements. The tube ends at·e usually ex­
panded Into the tube sheet at the inlet end and 
are flared after expansion. The outlet tube ends 
are either expanded or else packed or ferruled 

THERMOMETER CONNECTION 

RECIRCULATING 
CONNECTION 

TUBE SUPPORT 

TUBE END DETAIL 

into the tube sheet. Condensers having tubes 
ferr uled into each lube sheet arc found in some 
older s hips. 

The tube sheets serve as partitions between 
the salt water circuit and the vapor-condensate 
circuit. Access to the tube sheets is by way or 
manholes in each water chest. Zinc plates are 
attached to each manhole cover. 

Val'ious methods of construct ion are us ecl to 
provide for relative expansion and contraction of 
the shell and tubes In main condensers. Packing 
the tubes at the outlet end is sometimes surrt­
cient. Where the tubes are expanded into each 
tubo sheet, the sholl may have an expansion joint. 
In some condensers the tubes nre orranged to 
bow upward about one- half inch at the middle; 
this provides for expansion and contraction and 
also makes it easier to drain the tubes. On some 
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,.....-- CONNECTION 
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CONNECTION 

LUBE OIL 
COOLER 

CONNECTION 

CIRCULATING 
PlJMP 
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SCOOP INLET 

47. 70X 
Figure 10-2. - Cutaway view o! >1 main conclensor . 
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installations, a flexible support foot or lubricated 
sliding feet are provided to compensate for ex­
pansion and contraction differentials between the 
shell and the tubes. 

As the steam ls condensed on the tubes, the 
condensate drips down and collects on a receiving 
tray. Because of tho arrangements made for 
steam flo\v in a main condenser, some steanl 
flows down through the steam lane between the 
the tube bundles and under the t11be bundle where 
it reheats the condensate. From the r eceiving 
tray, the condensate drains to the hot well, where 
the condensate pump takes suction. 

Main condensers have various int ernal baffle 
anangements for the purpose of separating air 
and steam so that the air ejectors will not be 
ovei-Ioaded by having to p11mp large quantities of 
s t eam with the air. One arrangement that pro­
vides separate air-cooling sections is shown in 
figure 10-2. The air baffles are extended up the 
side of the condenser shell. Figure 10-3 illus­
trates a cross-sectional view of a typical 
condenser. 

AIR 
OF FT AKE 

AIR COOLING 
SECTION 

HOT WELL 
GAGE GLASS 

AI R OFFTAKE CROSSOVER PIPES 
(IH EXHAUST OPEHINC STRUTS) 

I 

Additional information on specific construc­
tion features of main conclensers ls available in 
the manufacturer' s technical manual for the 
condenser concerned. 

OPERATION 

Under conditions of warming up, standing by, 
getting underway, cooling down, and securing the 
main engines, the condenser vacuum shoulcl be 
regulated in accordance with information given 
in chapter 9460 (46) of the Bureau of Ships 
Technical Manual, the manufacturer's technical 
manual, and any orders Issued by the engineer 
officer. 

Two basic rules that apply totheoperat ionof 
single-pass main conclensers should be kept in 
mind. The first is that the OVERBOARD TEM­
PERATURE should be about 10° higher than the 
INJECTION TEMPERATURE. The second rule 
is that the conden.sate discharge temperature, 
should be within a few degrees of the temper ature 
corresponding to the vacuum in the condenser. 

STEAM LA.NE 

I CONDENSER TUBES 

CONDENSER 
SIDEWALL 

STIFFENERS 

AIR BAFFLE 

CONDENSATE OUTLET 

98.33 
Figure 10-3.- Cross-sectional view of a typical condenser. 
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The accompanying char t lists vacuums (based on 
a 30.00-lnch barometer) and corresponding 
temperatures. 

Inches or Mercury 

29. 6 
29.4 
29. 2 
29.0 
28.8 
28.6 
28.4 
28.2 
28.0 
27.8 
27.6 

Corresponding 
Temperature (°F) 

53 
64 
72 
79 
85 
90 
94 
98 

101 
104 
107 

Scoop Injection systems '1re cleslgnc<l to pt·o­
vide a s u!Cicient amount of cooling waler at 
speeds or 5 knots and above, with the injection 
and overboard valves wide open. Ordinarily It is 
not necessary to control the circulating water 
flow by throttling the valves. U throttling be­
con1es necessary because the ship Is in cold 
waters or because of other unusual operating 
conditions, the proper valve to use ls the over ­
board valve; the valve should never be more 
than three-fourths clos ed. Using the inlet valve 
to th1·ottle the flow of circulating water would 
cause turbulence and conseq\tent erosion of 
the tubes. 

Tl the condenser vacuum is not as high as it 
should be In relation to the condenser load and 
the cooling water over board temperature, some 
part of the condensing system is not functioning 
properly. You may find, for example, that the 
air ejectors are not properly removing air from 
the condenser, that the condensate pump is not 
keeping the right condensate l evel, or thatther e 
i~ au air leak In the condenser or In some other 
part of the system 1mder vacuum. 

Tho c<mdensate level should be kopt as low as 
po,ssible. It s hould not rise lnto the condenser 
shell. Allowing ttle level to rise sUghtly higher 
than the top of the bot well causes the condensate 
temperature to be lower than nor mal because the 
path for the n ow of reheating steam is partially 
blocked by the condensate. (Reheating steam is 
the steam which enters the hot well by way of tile 
central steam lane. The cent ral steam lane 
extends completely through the tube bw1dlc and 
provides for longitudinal clistributlon or steam 
from the exhaust inlet directly to tho condenser 

hot well. ) lf the condensate level ls rulowed to 
rise to the bottom row of tubes, the now of 
reheating steam Is fur ther restricted, causing 
an even greater drop in condensate temperature. 
At this point, also, the high condensate level 
begins lntel"ferring with the now of air toward 
the air removal areas, thus causing a g1·adual 
toss of vacuum. A rapid loss of vacuum, accom­
panied by a 1·apid increase in condense1· shell 
temperature and exhaust trunk temperature, 
results H the condensate level r ises to the lower 
end of the air batfles . This results not only 
because air removal ceases but also because a 
large part or the tube bundle is submerged and 
not available for cooling and condensing the 
incoming steam. Tl the condensate level rises 
and cannot be brought down to normal Imme­
diately by speedit1g up the condensate pump or by 
cutting in an additional pump, the speed of the 
main engine must be reduced to avoid serious 
damage to the engine and conclenser. 

An adequate flow of circulating water must 
be provided continuously to an operating con­
denser . This circulatillg water cools the steam 
and causes it to condense. Failure oC the cir­
culating water supply causes overheating of the 
condenser and loss of vacuum. Unless the situa­
tion is corrected Immediately, steam pressure 
will build up to the point where it might cause 
the condenser shell to rupture. 

Causes of Ins ufficient circulating water are: 

I. Condenser tubes clogged with foreign 
matter s uch as fish, seaweed, or mud. 

2. Obstruction of injection or discharge sea 
chests, strainers, piping, or vruves. 

3. Injection or overboard valves not properly 
adjusted. 

4. Inefficient or inoperative circulating 
pump. 

5. Obstructed air vents (condenser vapor 
bow1d). 

6. Faulty non return valves In scoop Injection 
lines or in nrnin circulating pwnpdiscltnrge lines. 

Steam or air connections are provided to 
clear foreign matter from sea chests. Some­
times, however, thick accumulations or marine 
growth on or around sea valve openings cannot 
be blown clear. Whenmaximumpressurefailsto 
clear a strainer, the obstruction must be re­
moved by a diver. 

Air vents must be kept open under all op­
erating conditions where air is vented ove1•board 
through the hull or where the Inlet water chest 
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is vented to the discharge water chest or piping, 
to minimize air erosion of the tubes and to avoid 
arr-binding. Vents that are piped to the bilges 
should be kept slightly open at all times when the 
condenser Is in use. As long as a trickle of water 
escapes, tile iuiit will not become air bound and 
the circulating water flow will not be obsh'ucted. 

Auxllial'Y condensers (units intowhlchturbo­
gencrato1·s exhaust) operate on the same prin­
ciple as main condensers. In an nuxiliary con­
denser, however, the cooling water Is pumped 
through the condenser at all times instead of 
being scoop injected. Also, most auxHlary con-

densers are or two-pass rather than single-pass 
construction. Figure 10-4 shows a two-pass 
auxiliary condenser ; the sea water chest is 
divided into an inlet chamber and a dJscharge 
chamber. In other construction features, includ­
ing the metals used, atL'<iliary conclensers are 
similar to maln condensers. 

Auxiliary exhaust steam, beyond thah·equired 
for units such as t he deaerating recd tilnk and 
the distilling plants, may be cllrectod either to 
the auxill:u·y condenser or to the main condenser. 
ht port, the auxiliary exhaust goes only to the 
auxiliary condenser. When getting underway, tbe 

GENERATOR TURBINE EXHAUST INLET 

THERMOMETER CONNECTION 

------- -._.__.._ 
. ...- ·- .. 
------ -----

DETAii OF TUBE ENDS 

EVAPORATOR DRAIN 

47.71 
Figure 10-4.-Auxiliary condenser (turbogenerator ). 
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exhaust goes to the auxiliary condenser Wl!il 
vacuum in the main condenser Is sufficiently 
high. 

Vacuum llei;ulatlon 

Compared with the nwnber of casualties that 
occur to some units or naval machiner y, r ela­
tively few casualties occur to main condens ers. 
The most frequent casualty to a main condens er 
is a reduction In vacuum. Inadequate vacuum or 
any other casualty to a main condenser will 
result ln failure of tile propulsion turbines to 
produce Cull power or in complete failure of tile 
main engines. Condensers should be operated to 
obtain a vacuum in accordance with design re­
quirements and to obtain maximum service life 
and reliability or the equipment. 

Under no1·mal operating conditions, con­
densers fitted with scoop injection should be 
operated to maintain the maximum vacuum ob­
tainable and with the ma.in injection and over ­
board v:llves wide open, except w1der the 
following conditions. 

When making full power or speeds closely 
approaching Cull power, under cold injection 
conditions, the condenser will usually be capable 
of obtaining a higher vacuum than can be effec­
tively used by the low pressm·e turbine. ln the 
average Installation, as the FULL POWER 
vacuum becomes higher than about one Inch of 
mercury above the vacuum f01" which the low 
pressure turbine \lfas designed, the extra steam 
that is required to heat the condensate will out­
weigh the added economy of tw·blne operation 
that is gained by the higher vacuum. TI1edesigned 
full power vacuwn Cor any turbine installation 
may be obtained from the manufacturer's tech­
nical manual. Most turbines served by scoop 
injection condensers are designed for an exhaust 
vacuum 0£ about 27 1/ 2 inches of mercury. U 
the injection temperature becomes low enough so 
that the full power vacuum tends to increase 
above 28 1/2 inches or mercm·y, the overall 
plant economy may be improved by using the 
overboard discharge valve to throttle the now 
of circulating water to limit the vacuum to 
28 1/2 inches of mercury. 

When operating at cruising speeds, the tur­
bines can generally make effective use of the 
maximum vac\lum which the condensing plant is 
capable of maintaining. However, with cold injec­
tion at low powe1-, the condenser becomes 
capable or producing a vacuum higher tlum that 
produced dm·ing normal ope1·ating conditions. 

Under standby conditions when very little steam 
is being discharged to the condenser, most 
installations fitted with properly fWlctioning air 
ejectors will prOduce a maximum vacuum or 
approximately 29 1/ 2 inches of mercury, with 
COLO injection temper ature. 

As the condenser vacuum appronches the 
n1axin1urn, when cruising at low or n1 edi t.1n1 
power, and with cold inject ion tempe1·atu1·c, the 
air r emoval ec1uipment tends to become unable 
to free the condenser of nor mal air leakage. The 
air collects in the condenser, and tends to 
insulate the tubes from the condensing steam and 
to settle In the hot well; and there Is usually a 
noticeable Increase in theconclensatodopression 
(cli[ference between the temperature or the con­
densate discharge and the temperature corre­
sponding to the vacuum maintained). To avoid the 
loss of economy >md the absorption oC air into 
the condensalo t1nder these conditions, it ls good 
practice to throttle the flow of circulating water, 
as necessary to limit the vacuum to about 0.2 
inch of mercury less than the maximum obtain­
able with full now of circulating water, or as 
necessary to reduce the condensate depression 
to norm:ll. 

Under low power operations at medium in­
jection temperature, if the condensate depression 
remains between O and 2°, it may be assumed 
that the air removal equipment is r idding the 
condenser or air, and therefore throttling the 
cir culating water ls unnecessary. 

Circulating Water Control 

When the overbOard discharge (gate) valves 
in the clrculatlng water piping are used to regu­
late the water now through the condenser, these 
valves should be kept at lea.st 1/ 4 open. If a gate 
valve used for throttling is closedmorethan3/ 4, 
the gate Is likely to pound against theseat r ings 
and damage tho valve so that it will not be water­
tight when closed. Some erosion of the valve gate 
and s eating rings may take place if valvos ar c 
continually used for throttling. Whenever a ship 
is dryclocked, a careful inspection of injection 
and overboard valves s hould be made In order 
that the valves may be kept in good working 
condition and watertight. 

JI, while an overboard v:llve Is throttled, a 
sudden increase in power is needed, a slight loss 
in vacuum will occur butthe loss wlll not usually 
be s erious and can be corrected by opening the 
over boal·d valve. In the event of an unexpected 
demand for full power astern, the overboard 
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valves should be opened wide as quickly as 
possible. 

Loss of Vacuum 

When a substantial or complete loss of 
vacuum occurs in a condenser, it means that the 
units of machinery exhausting Into the condenser 
are out of commission. Maintaining proper 
vacuum is one of the more important duties of 
engineroom watcbstanders. This chapter cannot 
cover all of the reasons for loss of vacuum; 
however, since air leakage into the vacuum sys­
tem is the most common cause of vacuum loss, 
it is discussed in the paragraphs which follow: 

Air leakage into a condenser decreases the 
vacuum obtainable and increases thecondensate 
depression. If ah· leakage becomes excessive, 
the 1.mits of machinery exhausting into the con­
denser will have to be secured. 

There are many ways in which air can leak 
into a system under vacuum. Every flange, 
gasket, connection, packing gland and valve 
bonnet that connects to the vacuum system can 
be a source of air leaking into the condenser. 
Air leaks can be very difficult to locate; they 
can be searched fo1· in various ways . One method 
is by filling the condenser and the connected 
piping which is normally under vacuum, with 
fresh water-then using compressed a:lr, to build 
up pressure of 5 to 10 psig in the turbine casing 
and checking the condenser and piping for water 
leakS. A water l eak indicates an air leak. 

Another method of locating an air leak is by 
making the candle flame test. With the system 
under vacuum, bold a lighted candle to all areas 
where leaks are suspected. lfthecandleflameis 
held close to a leak, the vacuum will draw the 
flame toward the leak. 

A mor e reliable method of locating leaks is 
to apply soapsuds to areas where leaks are sus­
pected. The soapsuds solution should be prepared 
so that it has the consistency ofllquidhand soap 
and will work up lather on a brush. (NOTE: 'l'he 
system must be under pressure.) The l ather 
should be applied all the way a.round the joints, 
then the joints should be carefully checked for 
bubbles; doubtful spots should be lathered a 
second time. 

Another method of testing a vacuum system 
for leaks is by usi11g the air test. If the test is to 
be conducted on a main condenser, the procedure 
is as follows: 

Start a lube oil service pump; engage and 
start the turning gear. Cut in gland sealing steam 

to the main turbines. Next, build up a pressure of 
5 to 10 psig throughout the vacuum system. 
Listen carefully for air leaking out of the system. 
This method is more effective if all the vents 
and machinery in the engineroom, except the 
lube oil pump and turning gear, can be secured, 
since this method depends entirely on detecting 
the sound of air escaping. 

When testing for air leaks, all places where 
it is possible for an air leak to exist must be 
investigated. Condensers have many fittings and 
joints which should be examined as far back in 
the lines as vacuum exists unde1· any operating 
conditions. 

Leaks at flanged joints and in porous castings 
can usually be stopped with an application of 
shellac when the condenser is wider vacuum. If 
shellac is used, this should be considered a 
tempornry repair-and permanent r epairs 
should be made as soon as time and the ship's 
operation permit. 

Main exhaust trunk flanges are generally 
fitted with a flange grooving system to provide 
for pressure pumping with a suitable sealing 
compound. If the shell relief valve (or its con­
nection to the condenser shell) is s uspected of 
leaking, it can, In most installations, be tested 
in place. Most shell relief valves are fitted with 
a small gage glass to permit introduction of 
water above the disk as a test for tightness. 

MAINTENANCE 

Heat exchangers and associated equipment 
should be periodically inspected to ensure that 
tbey are operating efficiently. Preventiven1ain­
tenance is much more economical than cor­
rective maintenance. 

Inspecting and Cleaning Condensers 

. Under normal operating conditions, the salt 
water side of a main condenser should be in­
spected once each month or immediately after 
an extended cruise. The steam side of a main 
condenser should be inspected each quarte1· when 
the inspection covers are removed from the low 
pressure turbines. 

Conditions may arise which will necessitate 
more frequent inspections of main condensers. 
The ship may operate in shallow water, or may 
operate in waters where there are large amounts 
of seaweed, schools of small fish, or large 
amounts of oil. When any of these conditions 
occur, the condenser should be opened for 
inspection and cleaning. 
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The s ea water side of condensers must be 
carefully maintained to prevent failures due to 
deposits on tubes and also to prevent loss of heat 
transfer due to accumulations of these deposits. 
The sea water sides of condensers rnust be 
inspected and cleaned at the following times: 

1. Once each month if permitted by ship's 
operations. 

2. At any time the condenser is opened for 
inspection or the replacement of zincs. 

3. During drydocking or at any other time 
the salt water side of the condenser is drained. 

4. Before initial sea trials and before full 
power trials. 

5. After an extended cruise. 

Before opening the salt watel· side of a con­
denser, read and observe all precautions listed 
in this chapter and in chapter 9460 (46) of the 
Bureau of Ships Technical Manual. 

Some of the more important condenser parts 
which require periodic inspection and cleaning 
are zincs, tubes, and steam sides. 

ZINCS-If dissimilar metals immersed in an 
electrolyte (such as salt water} are connected, · 
a simple galvanic cell is fo1·med and an electric 
current flows from one rnetal to the other 
tm·ough the electrolyte. The rnetal from which 
the current is flowing to the electrolyte will tend 
to corrode rapidly, and the metal to wP,ich the 
current is flowing from the electrolyte will tend 
to be protected from galvanic corrosion. The 
direction in which the current will flow depends 
on the composition of the metals or the alloys 
exposed to the electrolyte. 

Since condensers and other heat exchangers 
using salt water have all the requirements of a 
simple galvanic cell, electrolytic action will take 
place. This action cannot be stopped, but the 
metal parts of the condenser can be protected by 
using zincs. Because of its characteristics, zinc 
will cause the electr ic current to flow from the 
zinc plates to the metallic parts of the condenser. 
The effect of the electrolytic action will be to 
gradually destroy the zincs, but they can easily 
be replaced. 

Zincs installed in the salt water side of con­
densers and other heat exchangers should be 
inspected and cleaned at least once a month. 
They should be renewed (replaced} when 50 
percent destroyed. 

A casual inspection of a badly scaled zinc, 
especially while it is still wet, may lead per-

sonnel to believe that zinc metal instead of s cale 
is exposed. The zinc, even though it appears to 
be in good condition, should be tested v.'ith a 
chipping hammer to learn the true condition of 
the zinc metal. Whenever zincs are inspected or 
cleaned, the condition of the metallic contact 
between the zinc and its support should be 
checked. Figure 10-5 illustrates how a badly 
scaled zinc plate appears before and after the 
cleaning process. 

WATERSIDE- Deposits which lodg" within a 
condenser tube (sea water side) are likely to 
cause failure of the tube, unless promptly re­
moved. Particles of mud, sand, or other foreign 
matter which lodge in the tube, cause corrosion 
pits to start under the particles. Once a pit' is 
started, it will widen anc\deepen, eventhoughthe 
foreign matter is removed. Larger particles or 
such foreign matter as stones, shells, metal, anc\ 
wood, will result in the formation of corrosion 
pits where the foreign matter touches the tube 
surface, and will cause an increase in velocity of 
the sea water (flowing past the obstruction) which 

47.72 
Figure 10-5.-Badly scored zinc plate. 

A. Before being cleaned. 
B. After being cleaned. 
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will 1·esult in breaking down the protective film 
on the tube. 

The r esistance of condenser tubes to cor­
rosion depends on a thin, adherent, continuous 
film of corrosion products on the surface ex­
posed to sea water; ther efor e, e:dreme care 
must be taken when cleaning the tubes not to use 
abrasive tools capable of marring or scratching 
the surface of the tube. Wire brushes or r ubber 
plugs having metal parts sMuld never be used 
inside condenser tubes. Any scratch Ol' perfora­
tion of the corrosion-resisting film will form a 
pit which will widen and deepen and eventually 
result in tube failure (through corrosion pitting), 
in the same ntanner as occurs \vhen foreign 
matte r lodges on the tube surface. Any cleaning 
equipment must be carefully used to avoid 
damaging the protective film, which will cause 
tube failures . 

For ordinary cleaning, an ah· lance should be 
pushed th1·ough each tube, the tube sheets should 
be washed demi, and all foreign matter should 
be removed from the water chests. In installa­
tions where there is severe fouling, a water 
lance should be pushed through each tube to r e­
move foreign matter. In installations where tl1ere 
is extr eme fouling, a rotating bristle should be 
rw1 thr ough each tube-or soft rubber plugs, 
available at shipyards, may be driven through 
the tubes by the use of air or water pressure­
then this procedure should be followed by water 
lancing. Figure 10-6 illustrates t:fl)eS of 1·ubber 
plugs used for cleaning condenser tubes. 

STEAM SIDE-Whenever the manhole plates 
are removed from tile low pressure turbine for 
inspection or n1a.intenance, the steant side of the 
tubes should be inspected. The entire steam side 
should be checked for grease and dirt. If gr ease 
and dirt are found, they can be removeclby boiling 
out the condenser, using a solution of boiler 
compouncl. Normally, condensers which serve 

RUSSER PlUG FRANKLIN 
RUOOER PLUG 

RUBBER PLUG 
WlfH FABRIC BACKING 

47. 73 
Figure 10-6.- Types of rubber plugs used for 

cleaning condenser tubes. 

turbines should not require boiling out more 
frequently than once every 2 or 3 years. In­
structions for the boiling out process may be 
fOlll\d in chapter 9460 (46) of the Bureau of Ships 
Technical Manual. 

Tube Leakage 

Any tube leakage, however s light, will cause 
serious damage if neglected. The condensate 
system will become contaminated ancl this will 
result in serious damage to the boiler tubes . It 
is not unusual for a newly tubed condenser to 
develop leaks due to defective tubes or tube 
sheets, or to improper ;nstallation. Howeve1-, if 
the defects are corrected, the condenser will 
give years of satisfactory service. 

The most common cause of tube leakage is 
deterioration which starts at the sea water side 
of the tube and proceeds through the tubewall to 
the steam side. However, leakage may also 
be caused by deterioration starting at. the fr esh 
wate1· side of the tube wall, by a defective joint 
between the tube and tube sheet, or by cracking 
of the t ube wall or t ube sheet. 

IMPINGEMENT EROSION- Sea water flowing 
into the condenser tubes at high velocity tenets to 
remove the thin protective fi lm of corrosion 
products adhering to the tube walls. This pr o­
tective film is replaced at the expense offurther 
conosion of the tube wall. As the protective film 
is cont inually removed and is replaced by cor­
rosion products, the tul)e wall is gradually 
thinned and the joint between the tube ancl the 
tube sheet is weakened, so that a salt wate1· leak 
ultimately occurs, through the fajh1re ofthetube 
joint or by perforation of the tube wall beyond 
the tube sheet. This type of attack is generally 
continued to the region of the tube at or near the 
inlet end and is 101ov111 as irnpingen1ent erosion, 
inlet encl attack, or bubble attack. The occurrence 
and rapidity of the attacl< is influenced mainly by 
water velocity through the tubes. It is also in­
fluenced by the amount of air entrained with the 
circulating water, and by the design of water 
chests and injection piping. 

Tube deterioration l:esulting fro1n i111pinge .. 
ment erosion of the tube ends can be minimized 
by proper regulation of ciJ·culating water through 
condensers and by proper venting of water 
chests . 

Figure l 0-7 shows a tube which has been 
badly damaged at the inlet end by impingement 
erosion. 
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Figure 10-7. -'I'ube damaged by impingement erosion. 
96.26 

H wet steam is permitted to impinge on con­
denser tubes al high velocity, the surface of the 
tubes will rapidly erode; and this erosion will 
eventually result in perforation of the tube wall 
and leakage of sett water into the con<lensatc. 
Bames or distribution pipes are Installed within 
the conclensor shell to prevent direct Impinge­
ment of water and steam from the auxiliary 
exhaust line, the recirculating line, and tJ1e 
makeup toed line. 

These bafOes must be installed in such a way 
Uiat they do not touch the tubes, since vibration 
will cause tube failure. If frequent tube leaks 
occur In Ute vicinity of a steam or water con­
nection to the condenser shell, It Is evidence that 
the battling system is defective or that the plant 
is not being operated properly. 

Jn order to prevent tube erosion from auxil­
iary exhaust lines, it is essential th~t the line 
be continuously and thoroughly dralnc~cl . Before 
shifting the auxil iary exhaust to a condenser, all 
drain valves on the exhaustline s hould be opened 
and every precaution taken to ensure that the 
exhaust iino is drained properly. U there is a 
pocket In the exhaust line which will allow con­
densate to collect, a drain should be installed 
to ensure complete drainage or the auxlliary 
exhaust line. 

TESTrNG FOR LEAKS-Several mcthOds for 
testing a conclenser for tulie leakage are de­
scribed in chapter 9460 (46) of the Bureau or 

Ships Technical Manual. The most common 
methOd Is as follows: 

1. Drain the salt water sldo of the main 
condenser and remove the manhole plates. 

2. Ventilate the condenser. 
3. Wash the water box, tube sheets, and 

tubes, and dry them by using compressed air. 
4. Fill the steam s ide of the conclenso1· with 

water of feed water quality', being C:trcful 11ot to 
flood the low pressure turbine. 

5. Ins1>cct the tube ends, since at this point a 
large leak may be detected. 

6. H the detected leak is small, an air pres­
sure of about 5 psig may be applied to the steam 
side or the condenser. (The test pressure must 
NEVER exceed 15 psig.) 

7. Even If a leak ls detected, continue tho 
test. There mny be more than one leak. CAUTION: 
Before starting any test procedures, review the 
"PRECAUTIONS TO BE OBSERVED WHEN 
TESTING OR CLEANING CONDENSERS" given 
in chapter 9460 (46) of the Bureau of Ships 
Technical Manual and those given later L1 this 
chapter. 

Salt water leaks into the condensate system 
cannot always be detected by the use or salinity 
indicators (mentioned in chapter 1 I) alone. The 
fir st indication of a salt water leak may be a 
choride buildup in the boiler or In the condenser 
hot we ll whon ther e is no flow of co11dcnsate 
through the condenser. 
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PLUGGING TUBES.-Mai~ condenser tuhcs 
that ta il in service s:tou lcl be pluggedat each end 
with the type of tube plugs or iginally furnished 
by the manufacturer of the condenser. ·Tile 
manufacturer's instructions should be followed 
in plugging condenser tubes. Plugs should be 
driven firmly into the tube ends by light hammer 
blows. lf a metal plug is used to plug tube sheet 
holes afte r a tube has been r emoved, a short 
section of tube shou ld be installed a l each end 
and expandecl into the tube sheet to protect the 
tube sheet holes from damage. 

Tubes that leak at the tube joints but are 
otherwise in good condition should NOT be 
plugged. Such t.ubes should be rer olled or re­
packed rathe r than plugged. 

When several lu!Je leaks occur c lose together 
and in such a location that steam-side erosion 
may be suspected as the cause of tt-ouble, steel 
r ods should be inser ted into the damaged tubes 
befor e encls are plugged. These r ods will serve 
as a sort of baffle or shield to protect a(ljacent 
tubes from s imilar damage from erosion. The 
steel rods should be slightly smaller in diameter 
than the tubes . b1 order to minimize lengthwise 
working of the rods, that would tend to loosen 
the plugs, rods should be installed in the follow­
ing \\1ay: 

1. Cut each rod so that it is as long as it can 
be without inler!ering with the tube plugs. 

2. Cut two or three grooves in each end of 
the r od. The gr ooves sho11ld start about. 2 inches 
from the end, and should be spaced about 1 inch 
apart. They should be deep enough anrl wide 
enough to lake a standard condenser tube fibe r 
packing ring. 

3. Cut a segment from one floor p.~cking 
ring for each groove in the rod. Cut the packing 
ring in such a way that when the ends anl brought 
togethe r the t·esulting r ing will fill a g roove in 
the stee l rod and make n snug fit in the tube . 

4 . b1sert the rods, together with the packing 
rings, in the tubes that are to be plugged. Center 
the rods properly; spray the )>acking with fresh 
water so that it will swell; and then plug the 
tube ends . 

:'.>fain condenser tubes that have been plugged 
should be renewed at the fi.rsl naval shipyard 
availability if the water chests ai-e to be re ­
moved for other work. If mor e than 10 per cent 
o! the tubes are pluggecl, a retuhlng request 
should be submitted, via the type commande r, to 
the Naval Ship Systems Command . Tubes that 

have had steel r ods inserted lo protect othe1· 
tul>es against e r osion should NOT be replaced 
unless the cause of the er osion has been found 
and corrected. 

Retubing Condensers 

Because of modem materials and manufac­
turing me thods, condensers selc;tom need re­
tubing . When tlley do, special tools and equip­
ment are necessary, and the work is performed 
by tenders, r epair ships, or a shipyard. 

h1 general, specimen lubes should not be 
drawn from a condense1· 01· heat exchanger, for 
examination purposes, except when r emoval Is 
$pecifica lly directed by the Nava.I Ship Systems 
Command, or by a Board of Inspection and 
Survey. E!owever, tubes MAY be dra\\11 without 
authorization f1·om the Naval Ship Systems 
Comninnd, under the following conditions: 

J . When frequent teaks have been caused by 
tube failures. specimen tubes should be drawn 
from widely separated 1>arts o! the unit in order 
to establish the general condition of the tubes. 

2. When several tubes have failed in the 
viciJ1ity of a ste:tm or water inle t to the con­
densel' shell. specimen ttibes should be drawn 
unless the cause of the failure can be deter­
mined by visual Inspection of the steam side 
of the unit. 

Samples from the most b:\dly dete r io1·ated 
rubes should be car e fully marked to show the top 
and the bottom of each sample, and the location 
from which the sample was drawn. The samples 
should be cut into lengths of about 12 inches. 
identified as to position along tile length of the 
tube, split lengthwise. and opened to permit 
r eady examination. These samples are then 
forwarded to the Naval Ship Systems Command, 
together with a compl<>tc repo1·t of U1e conditions 
found. 

Retubing or auxiliary condensers and other 
small heat exchangers may be accomplished by 
forces afloat or by a shipyard without obtaining 
authorization from the Naval ShipSystemsCom­
mand. Only the type commander need. approve 
this type of retubing. Complete 1·eporls of such 
r etul>ing must be forwarded to the Naval Shi)> 
Systems Commancl and are lo include the same 
information tha t is r equi.red for requests for 
retubing nlain condensers. 
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Tube Replacement 

When a main condenser ls to be retubed, lhe 
most etrlclent way of removing the old tubes is 
to cut them inside the shell by use of a power­
driven saw, or other suitable cutting tool and 
tl1en drive the ends of the tubes out Of the lube 
sheets with n drift , Figure 10-8 shows a drift 
suitable for tubes which have a 5/8-inch outside 
diametel' and a wall thiclmess or 0.049 inch. If 
serious dirrtcully is encountered In removing 
expanded tubes. il may be nccessal'y to ream the 
expanded ends so that only a thin shell remains 
at the outer surfaces of t11e tube. 

I! a reamer is used, it should be provided 
with a pilot which closely fits the inside bore of 
the tube, and extreme care must be taken to 
ensure that the reamer does not touch or mar 
the surfaces of the tube holes in the tube sheet. 
Figul'e 10-9 s hows a r eamer suitable for this 
type of wo1·k. 

Regardless ot the mettlod used to1·emovc the 
tubes, the tube holes in ttle tube sheets must not 
be damaged in any way. 

Before lnslalling replacement tubes, a very 
careful examination of the interior parts or the 
condenser shell must be conwcted. I! there is 
any r eason to believe that the joints between the 
tube sheet and the condenser shell are not in 
perfect condition, the tube sheets should be 
removed, the flanges trued, and new gaskets 
insta lled. Joints between the stay-1·ods and the 
tube sheets should be remacte anct the stay-rods 
repacked. Should any defects be rour1ci alter the 
new tubes are installed. il may be necessary to 

cut out the newly installed tubes to correct 
the defect (s) . 

Only copper-nickel tubes conforming to the 
Naval Ship Systems Command specUlcatlons are 
to be used in condensers that are salt-water 
cooled. These tubes are furnished in stock 
lengths an(! must be cut to proper length by the 
installing activity, The usual pr actice Is to cut 
the tubes in lengths about 1/8 inch longer than 
the distance between ttle outside races or the tube 
sheets. After installation, the tubes a i·e finished 
lo the exact lengttl, by using an air-ctrlven end 
mill or surface grinder. 

EXPANDING TUBES.-Nearly all condensers 
installed aboard naval ships have the Inlet tube 
ends expanded ln the tube sheet, forming a met al­
to- metal joint. In many installations, the outlet 
tube ends ar e also expanded. 1f the condenser 
tubes are expanded at both ends, it ls commor1 
practice to p1·ovlde one or mo1·e gr ooves, or 
serrations, in the tube holes in order to increase 
the holding power of the expanded tube joint. 
Such grooves stiould be ttloroughly c lennect out 
and any burrs removed prior to tho Installation 
of new tubes . 

Tube expanders used in relubing condensers 
and other heat exchangers must meet Navy 
specifications. No type of tube expander should 
be used by forces afloat or shipyards, except the 
expanders fUrnlshcd to the ship by the manufac­
turer and r.pproved by the Naval Ship Systems 
Command. The tube expander rolls should be 
tapered to correspond with the taper or the ex­
pander mandre l to ensure paralle l expansion of 
the tube walls. The inner ends or the r olls should 
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Figur e 10-6.-Dl'ift for driving tube ends from tube sheets. 
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( • ·b 
98.35 

Figure 10-9.- Reamer for removing 
expanded tube ends. 

be suitably rounded of! to form a torpedo-shaped 
end in order to prevent ridging and cut! ing of the 
tubes al the inner end of the expanded joint. In 
order ror a tube expander to be properly set for 
a given Job, ii is generally necessary that the 
overall length or the rolls be not less than 3/16 
inch greater , and not more than 5/8 lnch gr eat.el' 
than the thiclmess of the tube shee t Into wh ich the 
tube ls expanded. The expander sl1ould be ad­
justed so that the expanded portion or the tube 
does not extend complete ly through the cyl­
indrical portion of the tube sheet hole; about l.8 
inch of the tube at the inner end of the tube hole 
is ten unexpanded. If the tubes arc expanded 
completely through the tube sheet, Ute part oflhe 
expand.:id Joint which extends into the condenser 
and beyond the i.upport of the tube hole. will 
bulge and the subsequent remova l or tubes will 
be extremely difficult. 

After the tubes are expanded, the inle t ends 
of the tubes should be bcllecl or flared to an 
outside cllameter of not more than 3/4 inch for 
5/ 8-inch OD (outside diameter) tubes, and not 
more than 7/8 inch for 3/4- inch ODtubes. 

" 

Flaring tools must not be driven lntothetube 
end so hard that the wall or the tube is appre­
ciably thinned or cut. Figure 10-10 shows a 
flaring tool that is suitable for 5/ 8-lnch OD 
tubes which have a wall thickness or 0 .049 inch. 
It is good practice lo mill or grind the projecting 
flared ends of the newly installed tubes flush 
with the tube sheet surface in order to provide 
a s mooth entrance for the cil'culating water 
flowing Into the inlet ends of the tubes. It is not 
necessary to flare the outlet ends or the tubes; 
the tube outlet ends may be allowed to project 
1/ 16 inch from theraceofthetubesheet surface. 

PACKING TUBES.-Flexible metallic pack­
ing, in accordance with Navy specifications, 
should be used to pack the outlot ends of packed 
condenser tubes. The inlet ends of the tubes 
should be expanded into the tube sheets before 
the oullet ends are packed. The old pacltlng must 
be completely removed and the threads and 
serrations of the glands thoroughly c leaned of all 
foreign matter. 

When stuCCing box glands are 3/ 4 Inch deep, 
the proper packing consists of two fiber rings 
and two metallic rings. To facilitate lhe installa­
tion oC packing, a loading pin (fig. 10-11) should 
be inserted into the outlet ends of the tubes. 

Aner the loading pin is Inserted, a fiber 
packing ring is placed on the pin and driven to 
the bottom of the stuffing box. Next, a metallic 
packing ring ls placed on the loacllng pin and 
calked Into the packing box with three or four 
light hammer blows, to cause the metal to flow 
into the threads of the gland. Then these opera­
llons arc repeated, another fiber ring and 

[·- - - 6!-
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Figure 10-10.-Tool for flaring main condenser tubes. 
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96.27 
Figure 10-li.- Loading pin for packing main condenser tubes . 

another rnetallic ring are inserted in the sarne 
manner; each ring is calked in place separately. 
If the depth of the stuffing box is gr eater than 
3/ 4 inch, an additional metallic ring should be 
installed and calked into place in order to com­
pletely fill the stuffing box with packing". 

If the stuffing box is 5/8 inch deep instead of 
3/4 inch deep, only three rings of packing can be 
used; one metallic ring is calked in place , fol­
lowed by a fiber ring and a second metallic 
ring. The outlet ends of packed condenser tubes 
are never flared, expanded, or belled. 

When a condenser is retubed, the tubes should 
be tested for leaks. The test is made by filling 
lhe shell with warm water. {Warm water must be 
used to avoid condensate forming on tubes and 
tube sheets and giving a false indication of 
leaking.) If any leaky tubes at·e found, they can 
be recalkecl with light hammer blows applied 
lo the calking tool. 

The amount of force used in striking the 
calking tool with the hammer is extremely 
impor tant., If too little force is used, the joint 
will leak. If too much force is used, it will 
"neck" the tube end so that the tube end will be 
held too tightly in the packing g land to allow 
proper movement during normal expansion. When 
the necked tube cloes move through the packing, 
leakage al the jo int will result. 

Care of Idle Condensers 

Most condensers on naval ships have con­
denser tubes e ither at b<)th ends, or expanded at 
the inlet end and packed at the outlet end . These 
units should normally be drained and kept empty 
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\\lhen secured. 'However 1 if the condenser is to 
be used within a few days, it may be completely 
filled with water (which should be c irculated 
daily) unless the ship is lying in highly polluted 
water . When in polluted water, the condenser 
should be drained and thoroughly washed out 
\Vhenever it is secured. 

Whenever the sea water side of a condenser 
is drained, special care should be taken to ensure 
that the lubes do not have water anywhere along 
their lengths, Tubes frequently become sagged 
and water trapped in these pockets at one or 
more points a long the tube length, if a llowed to 
remain in a drained condenser, will gradually 
evaporate . The im pur it ies left behind (after the 
water has evaporated) will corrode the tubes at 
these points, and in time will result in tube 
failure. Th is ac tion is particular ly acute when 
condensers arc drained of highly polluted water. 
The best method of avoiding this type of tube 
deterioration, when an ample supply of fresh 
water is available fron1 a pier, is to water-lance 
each tube with fresh water in order to wash out 
the polluted water and remove foreign matter 
from the tubes. k'o llowing the water-lancing 
operation. the tubes ·s hould be a ir- lanced and 
left dry until the condenser is again put in 
service . 

If sufficient fresh water is not available for 
water-lancing, each condenser tube should be 
a ir- lanced and left completely dry; then the con­
denser s l1ould be inspected daily. If any water 
tends to collect in the tubes, through condensa­
tion from the atmosphere, the air-lancing opera­
tion should be r epeated, as necessary, to avoid 
the formation of water pockets at low points 
a long the tubes. 
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When a condenser is secured. the steam side 
should be kept empty. · 

Safety Precautions For Condensers . 

When opening a main condenser for cleaning 
or inspection, or \vhen testing a n1ain condenser, 
there are sever al safety precautions that must be 
observed. The following procedur es and pre­
cautions , when carried out properly, will he lp 
prevent casualties to personne l and machinery: 

1. Before the salt water side of a condense r 
is opened, all sea connections, including the 
main injection valve, circulating pump suction 
valve, and rnain overboard valve, are to be 
closed tightly anct secured against acc idental 
opening with wire, and tagged, DO NOT OPEN, 
and signed by the person tagging the valve. This 
is necessary to avoid the 11ossibility of flooding 
an e nginero1lm. Safety gales, wher e provided, 
are to be installed. 

2 . On condensers having e lec trically op­
erated injection and overboard val\1es , the 
electrical c ircuits ser vu1g these moto1·s are to 
be opened and tagged to prevent acc identally 
energizing these circuits . 

3. Before a manhole or handhole plate is 
r emoved, drain the salt water s ide of the con­
denser by using the drain valve provided in the 
inlet water box. This is done to make sure that 
all sea connections are tightly closed. 

4. If pr acticable , inspection plates ar c to be 
r eplaced and secured before work is d is ­
continued each day. 

5. Never subject condensers to a tes t pres­
sure in excess of 15 psig. 

6. When testing for teaks, cto not s top be­
cause one leak is found. The e ntir e sm·face of 
both tube sheets must be checked, as other leaks 
may exist . Determine whether each leak is in the 
tube joint or in the tube wall, so that the proper 
r epairs can be made. 

7. 'f here is a l\vays a possibility that hydro­
gen or other gases may be present in the steam 
or the salt water side of a condenser. No open 
flame 01· tool which might cause a spark should 
be brought close to a newly opened condenser. 
Personnel are not to be per mitted to e nter 
a newly opened condenser until il has been 
thoroughly blown out with steam or air . 

8. The salt water side of a condenser must 
be dr ained befor e flooding of the steam side and 
must be kept drained until the steam sicle is 
emptied. 

9 . The relief valve (set al 15 psig) mounted 
on tJ1e inlet water chest is to be lifted by hand 
v1heneve r condenser s are secured. 

10. If a loss of vacuum is accompanied by a 
hot or flooded condenser, the units exhausting 
into the condenser must be s lowed or s topped 
until the casualty is corrected. Condensate inust 
not be a llowed to collect in condensers and over­
flow into the turbines or engines . 

11. Condenser shell r e lief valves are to be 
lifted by hand before a condenser is put into 
se1·vice. 

J 2. No per manent connection which could 
subject the salt water side to a pr essure in 
excess of 15 psig, is to be retained between any 
condenser and a water sys tem. 

13. No pe rmanent connection which could 
allow salt water to enter the s team side of the 
condenser, is to be retained. 

14. Test the main c irculating pump bilge 
suction, when so directed by the engineer office1·. 
To conduct th is te st, it is gene rally necessary 
only to s tar t the main circulating pump, ope n the 
bilge suction line stop or check valve .. and then 
close down on the sea suction line valve to about 
3/4 c losed, or until the maximum bilge suction 
capacity ls obtained. 

AIR EJECTORS 

In most ships, the firs t and second stages of 
the air ejectors and their condensers have been 
combined into one complete assembly, such as is 
shown in figure 10- 12. In many ships, the gland 
exhaust condenser has been incor porated within 
the she ll of the after condenser. The shell is 
rectangular , and is divided by a longitudinal 
plate into the inter - condenser and the after 
condense•~ sections. A baffle a t the gland vapor 
inlet deflects the air and vapor downward ove r 
the lower bank of tubes in the after condenser 
section. 

In order to provide for continuous operation, 
two sets of nozz les and diffusers are furn ished 
for each stage of the a ir ejectors. Only one set 
is necessary for operation of the plant; the other 
set is maintained ready for use in case of 
damage or unsatisfactor y operation of the set i11 
use . The two sets can be used simultaneously 
when excessive air leakage into the condenser 
necessitates additional pumping capacity. 

An inter s tage valve is provided be tween the 
discharge of each first- stage ejector and the 
inter condenser so tha t the p1·essure built up by 

320 



+ 
WATER OUTLET 

TUBE EHD DETAIL 

·- \ 

AFTER COND'R. 
SECTION 

ATMOSPHERE DRAIN 

Figure 10-12.-A main air ejector and condenser assembly. 

NOZZLE 

!ST STAGE 
DIFfUSER 

SECTION 

VAt DRAIN 

98.40 

0 

"" .. 
~ .. 



ENGINEERING, OPERATION AND MAfNTENANCE 

tile first-stage jet, in operation, will not be lost 
back to the condenser through the idle first 
stage. For a similar reason, a cutout \•alve is 
located between each second-stage suction 
chamber and the inter condenser. By means of 
diaphragm plates in the inlet and outlet heads, 
the cooling water (condensate) is forced to make 
several passes through the u11lt before being 
discharged. 

The atmospheric vent is usually connected 
to the suction of a small motor-driven ran 
(gland exhauster), which provides a positive 
discharge through piping lo the atmosphere 
above decks. This is necessary to avoid filling 
the engineroom with steam should the air ejector 
cooling water supply fail, thereby allowing the 
steam to pass through the Inter condenser and 
after condenser without bei11g co11densed. 

OPERATION 

With each air ejector assembly installed, the 
manufacturer rurn ishes technical manuals to 
provide Information on operation and mainte­
nance. General information on slarting, shilling, 
and securing air ejectors is given in chapter 
9460 (46) of lhe Bureau of Ships Technical 
Manual. Some additional items lor air ejector 
operatlo11 are as follows: 

1. Befor e starting a steam air ejector, the 
steam line should be drained of a ll moisture; 
moistu1·e In the steam will cul the nozzles, and 
s lugs or water will cause unstable ope r ation. 

2. Befor e cutt ing s team into tl\e air ejectors, 
make sure that sufficient coo ling wale1· is flowing 
through the condenser and that the condenser 
has been properly vented. 

3. The loop seal line must be kept airtight; 
an air leak may cause all waler to drain out of 
the seal. 

4. If ii Is necessary to oper ate both sets of 
air ejectors to maintain proper condenser 
vacuum, ail' leakage is indicated. It ls more 
desirable to eliminate the air leakage than to 
operate two sets of air ejectors. 

Unstable operation of an air ejector may be 
caused by any of the following: the steam pres­
sure may be lower than the designed amount, 
Uie steam temperature and quality may be dif­
ferent than design condition, there may be scale 
on the 11ozzle surface, the position of the steam 
nozzle may not be right in relation to the 
diffuser, or ttle condenser dr ains may be 
stoppacl up. 

Difficulties due to low pressure are gen­
erally caused by improper functioning or im­
proper a<ljustment of the steam reducing valve 
supplying motive steam to Ute air ejector 
assembly. It is essential that DRY steam at 
FULL operating pressure be supplied to the air 
ejector nozi:lcs . 

Erosion or fouling of air ejector nozz les is 
evidence that wet steam is being admlttec:l to the 
unit. Faulty nozz les make it impossible to op­
er ate the ejector under high vacuum. In some 
instances, the nozzles may be c logged with 
grease, boiler compound. or some other deposit 
which will decrease the jet efficiency. 

MAINTENANC E 

b> general, it is possible to cle~m air ejector 
nozz les by using reamers. The proper s ize 
r eamer s hou ld be used for each s ize of nozzle. 
to avoid damage to the nozzle. It ll ls necessary 
to remove the nozzle for c leanlllg or replace ­
ment, the Internal surfaces must not be damaged. 
Dents or deformations of the downstream endol 
the nozzle, and rough or scratch)' surfaces In 
the throat or diffuser passages, will result In 
improper operation of the unit. Foreign deposits 
present on the internal surface or the nozzle or 
diffuser should be removed by the use or nozzle 
reamers, sort copper wire, or a piece of wood. 

Before disassembly or r eassembly of nozzlos 
or clif!user s Is undertaken, the manufacturer's 
tec hn lcnl manual shcxtld be consulted. If replace­
ment of a nozzle or diffuser is requlred, gaskets 
of proper thiclmess must be used for reassem­
bly. It Is essential that the nozzle and the dif­
fuser tube be concentric and In proper alignment 
and that the correct distance be maintained 
between the ends of the nozzle and the diffuser. 

It is possible to c lean or replace steam 
strainers, nozzles, or diffltsers, of an air 
eje.ctor assembly while the rest of the unll is in 
operation. It is necessary to isolate the unil 
which ls to be opened from the r est of the asse m­
bly, by closing the steam supply valve :u1d the 
inter stage valves of this unil, lo avoid burns 
being suffered by personnel engaged in this work. 

In Installations where sell"rate Inter and 
after condensers are provided tor each element, 
isolating valves are not r equired. In some in­
stallations where a common after condenser is 
provided for two second-stage elements, the 
internal consl ruction of the unit is such that the 
steam dischar ged from the opcrath1p; element 
c:umot back up through thcJ diffuse r of the 

322 



Chapter 10-H£AT EXCHAMGERS AND RELATED EQULPMENT 

second- stage 
are omitted 
discharge. 

e lement , ancl isolating valves 
from the second- stage cliffuser 

Division Plate Leakage 

Should internal leakage occur across the 
dlvlslon plate between the inter condenser and 
the after condenser .. the second-stage e lement 
becomes overloaded since the air- steam mixture 
dischargecl by the second- stage e lement leaks 
back to the inter condenser instead of being dis­
charged to the atmosphere. A leak Of this type 
rarely happens in moclern air ejectors, but if it 
is suspectecl, the inter condenser and the after 
condenser should be hydrostatically tested and 
the condenser dr ains should be inspected to 
determine whether leakage is indicated. Repairs 
invo lve r emoval of tubes, disassembly of the unit, 
and replacement of internal gaskets. 

Flooded Condenser 

Improper dr ainage or leaking condenser 
tubes will cause flooding of the inter and after 
condensers, which will result in a loss of 
vacuum. If flooding should occur, the effective 
conclensing surface is decreased, and a loss of 
vacuum occurs . Flooding· may also cause con­
densate to be dra\vn into the s econd-stage e le ­
ment, which will result in erratic oper at ion of 
the unit . 

If flooding is suspected, drain Jines should be 
cleared out and a hydr ostatic test should be per­
for med on the unit to check for leaks at tube 
joints and tube walls. 1\tbes rare ly need r e­
placing as most installations use condensate as 
a cooling medium. 

If tube leakage does occur, the packed ends 
can be repacked by use of copper-asbestos 
packing 1•ings suppliecl by the manufacturer. The 
removal of old packing rings and installation of 
new ones can be accomplished in the same man­
ner as for packing of main condenser tubes 
except that copper-asbestos rings should be set 
up with several very light hammer blows on the 
cal king tool. Copper does not flow into the t hreads 
of the packing box as readily as does the lead 
packing used in main condensers. 

Emergency repair of a tube is accomplished 
by plugging both ends . Should retubing or other 
major repairs be necessary, all parts of the 
assembly should be hydr ostatic ally tes te d to the 
test pressure specified by the manufacturer . It 
should be determined that a ll internal parts of 
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the assembly are in proper working order before 
the new lubes are installed. A positive test 
should be made to establish the tightness of the 
gaskets between the inter and after condensers 
both before and after installing new tubes. 

Maintaining the Loop Seal 

Should an air leak be pr esent in the U-shaped 
loop seal line (fig. 10-13) provided for draining 
the inter condenser, it will become impossible to 
maintain a seal lietween the inter condensel' and 
the main condenser. Water from the inter con­
denser passes down through the small 1-incfl 
pipe then through the short loop, and up through 
the internal pipe . The larger pipe surrounding 
the internal pipe is 3 inches in dia1neter and is 
connected to the main condenser. Water over­
flowing the internal pipe fills the external pipe 
and the larger loop. 

l'Rt~'>l. INTfR 
eONOEl'ISER 

6 

FILLlf.IC 
C:ONllf.(: t OFt 

Figure 10-13.-Loop seal. 
96.29 
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If no vacuum existed in either condenser, and 
waler from the Inter condenser entered the 
Internal p ipe, It would maintain the same height 
In each leg. 

When a vacuum is formed In botb condensers, 
the difference between the vacuum maintained in 
the main condenser and that maintained In the 
Inter condenser will be about 3 inches. The 
vacuum In the main condenser will be about 29 
Inches, that In the inter condenser about 26 
inches. Expressing vacuum In terms of absolute 
pressure, a pressure of 1/2 psi will be acting 
down on the Internal and external pipes, and a 
pressure of 2 psi will work down against the 
water level in the pr imary 1-inch pipe. This 
means that the pressure of 2 psi from the 
primary pipe will push water through the pipe 
and cause it to overflow from the external pipe 
Into the main condenser . 

When the water level In the pr imary leg is 
approximately 3 feet below that oithe secondary 
leg, the additiooal weight of the water present in 
the secondary leg will provide the extra 1 1/2 
psi necessary to counteract the 2 psi absolute 
pressure against t he primary leg . Thus , u s ta tic 
condition wil l be obtained. If waler is added from 
the inter condenser to the primary leg, the level 
on that side will rise, and the additional weight 
or lhe water will cause water to be pushed into 
the main condenser, from the secondary leg, 
thereby r estoring the loop to Its original static 
condition. 

Adding water to one side of the loop and 
removing It from the other side is the means by 
which water Is drained from the inter condenser 
to the main condonser . A solld body of water is 
maintained in the base of the loop and prevents 
air from passing through, whlch would cause an 
equalization or vacuum. 

The purpose of the filling connection Is lo 
allow condensate to be pumped from the con­
densate pump discharge l ine to the loop sea l so 
that the loop may be filled before placing It in 
operation. A cutout valve is installed in the line 
from the loop seal to the main condenser. 

If the vacuum gages on both the main and 
lntor condensers show the same r eading, this 
indicates that the seal has been broken. Opening 
the filling valve will correct thls condition, if it 
is due to a sudden surge in vacuum, or a violent 
r oll of the ship. If the condition ls the r esult of 
an air leak, the leak will have to be corrected 
before the loop will remain properly scaled. 

DEAERATING FEED TANKS 

Deaerating feed tanks serve three purposes: 
(1) to free the condensate of oxygen and other 
noncondensable gases, (2) to heat the feed water, 
and (3) to act as a reservoir in which to store 
water to take care of rapid fluctuations in reed 
water demand or condensate supply. Deaerallng 
feed tanks " scrub" the feed water free or air by 
use of spr ay nozzles. The feed water is heated by 
direct contact with auxiliary exhaust steam. 
Deaerating feed tanks generally operate at 13 
psi and at approximately 246°F with 15 psig 
auxiliar y exhaust steam . The water is kept just 
under Its boiling point at the operating pressure 
so that It will not flash into steam. 

A deaerating feed tank Is shown in figure 
10-14. Condensate enter s the tank through the 
h1bes of the vent condenser and then !lows to the 
spray head. Il ls force d out thr ough multiple 
spring-loaded spray nozzles In the spray head. 
The nozzles are designed to open al a very low 
pressure and to maintain good atomization even 
al ve1·y low loads. The water leaves the spray 
nozzles in a vary fine spray and is discharged 
throughout the steam-filled upper section of the 
tank. The water Is heated and scrubbed by the 
steam and releases some oxygen. The water. 
partially heated and deaeraled, then falls Into a 
cone-shaped baffle which co11clucts it toa central 
port . Here the steam coming Into the deaeratlng 
unlt picks up the water and throws It radially 
outward and upward against the lower side of the 
coolcal baffle. In this process, the water and 
steam are so thoroughly mixed that the water 
is heated to practically the same temperat\11'e us 
tho steam, and the disso lved gases in the water 
are removed. The deaerated water then fails 
into the storage space at the bottom or the tank. 
where it remains under a blanket of air-free 
steam until ii is needed fo1· the boiler s. 

Steam sweeps the a ir from the deaerntlng 
feed tank. The mbcture of steam and air travels 
across the vent condenser tubes, where most of 
Uie steam is condensed into water which drops 
back int.o the de aerating tank. The air. togethe1· 
with any remaining steam is vented to the gland 
exhaust condenser. 

The steam control valve r emains wide open 
during normal operation and the now or steam 
into the tank is controlled by the rate of con­
densation. Normally the pressure drop between 
tho auxiliary exhaust line and the deaer at lng reed 
lank will be 1/2 psig or less. At low loads, the 
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TO GLANO 
EXl'AUST 

CONOEl<SER 

CONDENSATE 

CONDENSATE 
INLET 

VENT CONDENSER ---' 

CONICAL BAFFLE ___ .,. 

OEACRATING UNIT __ .--

RECIRCULATING 

CONNECTtOtl TO 
MAIN CONOENSER 

AUXILIARY 
_...;..._ EXHAUST 

STEAM 

AUTOMATIC 
CHECK VAL \IE 

CHECK 
VALVE 

CONTROL 

FEED WATER 
OUTLET 

38.17 
Figure 10-14.-Elliot type deaerating feed tank. 

water overflowing tho cup-shaped recess Cills the 
sir.ice within the cooical baffles. "11lls causes a 
cessation or steam Clow until the lank pressure 
had decreased, because or coodensalion, to a 
point where the pressure drop Is great enough 
lo allow steam lo bl~st through the water in the 
hellcat baffles. Al high loads, lhe rate of steam 
flow Is great enough to prevent accumulati0t1 of 
water In the baffles; the sieam drives the watet· 
out as It overflows the cup-shaped recess. 

A shalt extends from the steam valve through 
the side of the tank; the shaft has a lever attached 
to II . \Vhen the lever is thrown In one direction, 
ii presses a collar against the check vah"e and 
forces it to the fully closed PoSilion. When the 
lever is thrown In the opposite direction. another 
collar forces the check valve lo the wide open 
position. When the lever is in the center PoSlli0t1. 
the check valve Is free lo opernt~ aulomatl­
ally. 
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OPERATION 

During normal operation , the only control 
necessary is maintaining the proper water level. 
The maximum water level, beyond which the unit 
should never be operate cl. is shown in figure 
10-15. If the water level is too high, the tank 
cannot properly remove the air from the fee cl 
water. A low water level may endanger the main 
feed booster pumps, the main feed pumps, and 
the boilers. 

Deaer ating feed tanks r emove gases from the 
feed water by using the principle that the solu­
bility of gases in feed water approaches zero 
when the water temperature approaches the 
boiling point. D•.ll"ing operation, steam and water 
are mixed by spraying the water so that.it comes 
in contact with s team from the auxiliary exhaust 

STEAM 
INL ET 

line. The quantity of steam must always be 
proportional to the quantity of water , otherwise, 
faulty operation or a casualty will result. 

In most cleaerating feed tanks, the manhole 
provides access for the inspection of spray 
nozzles; other tanks are so designed that the 
spray nozzle chamber and the vent condenser 
must lJe removed in order to inspectthe nozzles . 

Auxiliary exhaust s team flows dfrectly into 
the deaeratlng unit. A check valve either in the 
deaerating tank, or in the line leading to the tank, 
allows the steam to flow from the auxiliary ex­
haust line whenever the p1·essm·e ins ide the 
deae rating tank is less than the pressure in the 
exhaust line . 1'he check valve also pre vents the 
return flow of water into the auxiliary exhaust 
line, in the event that the deaerating tank be­
comes flooded. 

AIR VENT 

RECIRCULATING 
CONNECTION 

INLET 

'MAXIMUM WATER 
LEVEL 

NORMAL WATER 
LEVEL 

AUTOMATIC CHECK VAL.YE 7' 
Jlr!:- WITH MANUAL OPERA'l'fNG '"­

LEVER 

38.17 
F igure 10-15 .- Deaerat.ing feed tank (diagrammatic arrangement). 
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Start-Up 

A secured deaer atlng tank must be kepi Iso­
lated from the feed waler system and its 
contatnod water must be deaer ated before the 
tank i8 pul into service. Uthe tru1k is empty, it 
may be filled by means of the emer gency teed 
pump, taking suction Crom a reserve feed tank 
and discharging to the condensate line, or In 
some installations, discharging directly to the 
deaerating tank. During 1hls operation, the 
auxillary exhaust must be cut In to the deaerating 
tank lo heat and deaerate the feed water. 

In warming up a deaeratlng tank, the steam 
and wnte•· supply valves shou Id be opened slowly 
to avoid sudden temperature changes in the tank. 
When the tank is filled to the normal operating 
level, a teed booster pump should be started to 
recirculate the water from the deaerating tank, 
through the booster pump and then through the 
vent condenser, or directly back to the OFT, 
depending on the c lass ship. It will take about 
10 minutes for this rec ircula tion to heal the 
water in the tank. The deaerating tank shOulcl 
be operated at normal operating temperature and 
pressure for a minimum of 10 minutes before It 
will be ready to be p.il into service. 

When the deareating lank is fully warmed up, 
and before It is cut into the feed system, the valve 
in the warming up line shou ld be c losed slowly. 
The starting line should be c losed during a ll 
normal operating. The main feed pump recircu­
lating lino is r e lied on to protect the booster 
pumps and the feed pumps. Uthe s tar ting up line 
is left open during operation. it could r ecklce the 
main teed pump suction pressure below that re­
quired. 

Underway 

In order to have effective deaer atlon, it ls 
necessary to vent sufficient steam from the de­
aeratlng feed tank to sweep out a ll air which has 
been separated from the reed water . This sep­
arated a 1r is continuously concentrated in the un­
condensed portion of the steam, as the steam 
passes thr ough the deaeratlnit unit, preheater, 
and vent condenser . U all the s team were con­
dense cl in the vent condenser . the separated air 
would again mix with the condensate. 

The amount of vented steam is controlled by 
an ori!ice Installed in the vent line of the vent 
condenser. The vent line orltlce must be large 
enough so that the minimum quantity of steam­
alr mlx1ure necessary for proper doacratlon ls 

discharged when the minimum operating pres­
sure exists in the deaerating tank. 

A vent condenser, showing the path of gases 
into the unit, ls shown in figure 10-16. 

Shutdown 

In securing the deaerat ing tank, the vent valve 
should be opened before the water supply is 
secured. When securing the water, the pressure 
in the tank should not be allowed to build up. 
Should the tank pressure rise too high tor normal 
operation, duo to some external means (high 
pressure drains), a recirculating connection, 
leading from the base of tho tank into the main 
condenser, provides increased circulation 
through the tank. This recirculating connection 
enables the water to be discharged back into the 
tank, after It has been cooled by the condenser, 
ther eby causing a reduction in pressure and 
temperatui·e within the lank. Except ln an emer­
gency, the steam must not be secured before 
securing the water, the tank will IJe filled with 
cold water that is not deaer ated . Under normal 
securing conditions, the vent should be shifted 
!rom the gland seal condenser to the atmosphere; 
it this is not done, the gland seal condenser will 
overheat. 

MAINTENA!\CE 

Deaerating feed tanks must operate effec­
tive ly to provide a cont inuous supply or oxygen­
free water for tile baller s. Effective operation 

96.28 
Figure 10-16.-Vent condenser, showing 

path of gases. 
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depends primarily on the operatlon of the spray 
valves. The spray valves should be tested at 
least once each 6 months. 

Complete information on constructing and 
using a test rig for spray valves can be found 
in chapter 9560 (56) of the aireau or Ships Tech­
nical Manual. This rig Is available at all re­
pair activities ashore and afloat. When testing 
spray valves with this r ig, the following Items 
should be carefully checked: 

1. The spray valve must be fully open or 
completely shut. Any leakage indicates faulty 
operation which will seriously aucet deaeration . 
I! leakage does exist, the valve should be ex­
amined for scored or damaged seats or improper 
spring tension. 

2. When the valve opens, the spuy should be 
a complete cone. Any other form of discharge is 
a positive indicatlon of faulty operation. An in­
complete cone indicates cocking ofthe disk which 
may be caused by a defective spring. 

3. All valves should open ar the same 
pressure to avoid leaving gaps in the spray area. 
The valves and seats should be free of deposits 
and should operate freely in any position. 

4. When test procedures described in the 
a.ireau or Ships Technical Manual are used, the 
results will not be definitive, however, they will 
indicate MAJOH malfunctionin{: of the unit. All 
naval shipyards have the equipment and person­
nel to perfor m proper tests for more positive 
results. For any test r esults to be of value, all 
testing shOuld be accomplished with samples 
taken from an operating deaerating feed tank 
feeding a steaming boiler . 

In the construction of deaerating feed tanks, 
as many parts as possible are welded together , 

but some bolts and nuts are used. When parts 
are disassembled, all nuts should be secured 
with split pins. Split ptns must be of a 
corrosion-resistant metal such as Mone! or 
stainless steel. Ordinary steel wlll corrode too 
rapidly to give satisfactory service. 

A screen Is installed in the bottom orthe de­
aerating reed tank (booster pump suction) so that 
if an internal part of the tank should come loose, 
or if metal from the condensate or steam system 
should enter the tank, the screen will prevent 
the part from entering the booster pumpsucton. 

A MANHOLE in the shell provides access to 
the interior or the tank. All removable parts of 
the tank section are >;mall enough to be taken 
out through this manhole. 

The vent condenser can be removed as a 
unit by breaking the flanges on the condensate 
inlet, the vent line, and the recirculating line, 
then removing the vent condenser flange bolts 
and pulling the vent condenser out. Tile spray 
chamber and spray nozzles are attached to the 
vent condenser and are r emoved as a unit . 

For safety purposes. au deaerating feed 
tanks arc equipped with twospring-loadedrelief 
valves. One Is to prevent a high pressure from 
accidentally building up inside the tank, and the 
other, called a vacuum breaker, ls to prevent 
a high vacuum from developing inside tl1e tank. 
The vacuum breaker allows atmospheric air to 
enter the tru1k whenever the vacuum exceeds a 
predetermined amount. 

The steam control valve automatically con­
tr ols the amount of steam admitted to the de­
aerating tank. There are many different ar­
rangements or these valves; this publication 
does not contain information on the repair 
procedures for each type. For complete infor­
mation on eacll type of steam control valve, refer 
to the manufacturer's technical manual. 
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CHAPTER 11 

DISTILLING PLANTS 

This chapter deals with the generaldescrip­
llon, operation, and maintenance of steam oper­
ated and vapor compression distilling plants. 
Evaporation followed by condensation is the 
means used to produce distilled water from salt 
water or river water. This distilled water Is 
sufficiently free of Impurities that it can be and 
ls used for boiler feed water. Boller feed water 
must be of high purity to maintain blgh heat 
transfer and prevent excessive scaling and cor­
rosion. Distilled water ls also used aboard ship 
for drinking, cooking, and washing. 

Basically all distllllng plants operate on the 
same principle, although designs differ . Eacb 
plant ·"as a heating section to produce evapoia­
tlon, a condenser to condense the vapors from 
the evaporators, a preheater to preheat the 
evaporator feed water, and a cooler to cool the 
distillate. 

Steam operated distilling plants are classl­
lled as coil, submerged tube, vert.lcal basket, 
and · flash t;-pes. (NOTE: In accordance with 
military specification MIL-D-18641 (Ships), 
steam operated distilling plants are class1!ied 
as types and classes.) For additional Informa­
tion on vapor compression units, reference 
should be made to MIL-D-16196. Reference 
may also be made to other specifications and 
manuals for specllic plat plants. Formerly 
marine distilling units were constructed tor use 
of high pressure steam, typically 15 psig. High 
boiling temperatures and consequent rapid scal­
ing characteristics of such designs have made 
them obsolete for marine use. In the submerged 
tube type, sea water surrounds the evaporator 
tubes Into wblcb low pressure (less than atmos­
pllerlc) steam flows; the steam gives up heat to 
boltlhe sea water, and then is condensed. 

rn the vertical basket type, low pressure 
steam flows into a corrugated basket surrounded 
by sea water, gives up its heat to boil the sea 
water and is condensed. The fresh water vapor 

from the bolling sea water ts condensed and ts 
removed as distillate. 

In the flash type, preheated reed water is 
discharged Into a vacuum chamber where a por­
tion o! the water vaporizes (flashes) because 
the pressure in the chamber ls lower than the 
saturation pressure corresponding to the tem­
perature or the heated feed water. The remain­
ing water passes into a second flash chamber 
where a lower pressure (higher vacuum) is 
maintained which causes further vaporization 
of the water. 

Any number of vaporization stages can be 
used. Each stage has a condenser in which the 
fresh water vapor is condensed. The condensed 
vapor is removed as distillate. 

The vapor compression type distilling unit 
was first developed for submarine service, 
where the absence ofa steam supply necessitated 
sQme other source of heat for the evaporating 
process. These units require electrical energy 
for their operation. They are also used on small 
diesel-driven surface craft, and on ships with 
daily requirements which do not exceed 4,000 
gallons. 

SUBMERGED TUBE DISTILLING PLANTS 

Submerged tube distilling plants are dM.ded 
into three types: Soloshell double effect (fig. 
11-1), triple effect, (fig. 11-2) and two-shell 
double effect (fig. 11-3). 

The difference between the triple-effect 
plant and the double-effect plant is in the number 
of stages of evaporation. In the double-effect 
plant, evaporation takes place In two stages, 
while in the triple-effect plant evaporation takes 
place In three stages. 
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Chat>tcr 11-DISTILLING PLANTS 

TYPES AND COMPONENTS 

The differences between the three principal 
types or low pressure distilling plants arc 
briefly discussed in the sections which follow. 
The types o! plants generally found aboard sblps 
are the two-shell double effect, the Soloshell 
double-effect, and the three shell triple-effect 
plants. 

Two-Shell Double-Effect Plants 

The most commonly used 20,000 gallons per 
day (gpd) double-effect plant Is built with two 
horizontal, cylindrical evaporator shells {fig. 
11-3), one for each effect, and usually mounted 
'A1th the axes of the shells parallel. 'I\1be nests 
for both Shells may be removed from the front 
head. The first - effect vapor feed heater Is built 
into the upper part of the first-effect shell. In 
this design, the di s tilling condenser and the 
distillate cooler are built into separate shells, 
and usually mounted between U1e two evaporator 
shells. The air ejector condenser, also an 
independent unit, is mounted on one or the two 
shells. 

Soloshell Double-EUect Plants 

Virtually all low pressure sutimergcd tube 
distilling plants up to and including the 12,000 
gpd capacity plant are of the Soloshell aouble­
effect type. This type consists of a single 
cylindrical shell mounted with the axis hori­
zootal. A vertical partition plate (fig . 11-4), 
parallel to lhe axis, divides the shell Into two 
evaporato1 chambers. Each or these chambers 
has a separate removable tube bundle bolted to 
the front head of the shell (the !irst- and second­
errect evaporator t\tbe b\mdles in rtg . 11-4). The 
first effect vapor reed heater is built into the 
upper part or the first-effect shell, and also has 
a romovable tube bundle bolted to the front head. 

The distilling condenser (condensing and 
reed-heating sections) i s b\iilt into the upper 
part or the second-effect shell. This unit does 
not have a removable tube bundle but the tube 
sheets project beyond the front and rear heads 
of the shell, providing access for cleaning or 
replacing tubes. The air ejector condenser is 
a separate unit, mounted on brackets on the 
evaporator shell. The distillate cooler Is also 
In a separate shell and may be located wherever 
convenient for the necessary piping connections. 
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One type or 20,000 gpd capacity Soloshell 
double-eCfect plant was typically Installed on 
llgbt and heavy cruisers. Two such plants 
are installed when it is necessary to furnish 
an overall capacity of 40,000 gpd. In such 
plants, the vertical partition separattng the 
first and second effects is at right angles to 
the axis of the cylinder. The first-effect 
vapor feed heater is in the upper part of the 
first-effect shell; the distilling condenser is 
in the upper part of the second-effect shell, 
and the air ejector condenser is mounted on the 
main evaporator shell. The dlstlllate cooler 
is mounted similarly to that In the smaller 
Soloshell plants . 

The steam is obtained from the auxiliary ex­
haust line through a weight loaded or an air con­
trolled regulating valve . This valve is set to 
maintain a constant steam pressure of 1 to S psi 
to the tube nest of the first-effect evaporator. A 
pressure gage is installed ahead of the 1·egu lnUng 
valve. A relief valve, a thermometer, and a 
compound gage are installed on the stearnhead 
of the evaporator tube nest In order to keep a 
check on the steam supply. 

In passing UU'ough the regulating valve, the 
auxiliary exhaust steam is recllced to a pres­
sure or 5 psi. The steam then passes through 
an orl!lce plate In the steam line between the 
regulating valve and the inlet to the first-effect 
tube nest. This orifice plate is cleslgncd to 
control the amount of steam, by weight, entering 
the plant to an amount r equired for the plant's 
designed outpu t of distilled water. /\ change in 
the size or the orifice a lters the plant output. 

Because of the throttling effect In passing 
through the reducing valve, the low pressure 
steam becomes superheated. The auxiliary 
exhaust steam ls therefore passed tlll'ough a 
desuperheallng area in the steam line. De­
superheallng Is accomplished by a spray of hot 
w:1ter, at saturation te mperature, piped from the 
first-effect tube nest drain pump. This water is 
sprayed Into the steam supply lino ln sufficient 
quantity to re<iuce the steam temperature to that 
corresponding lo the pressure existing in the tube 
nest so that the incoming steam will commence 
to give up Us latent heat of condensation im­
mediately on entering the tube nest. 

After being desuperheated, the steam passes 
into the first-effect tube nest. Here the steam 
gives up its latent heat of condensation to the 
reed wate1· surrounding the flrst-errccl tubes. 
The resulting condensate (condensed steam) 
from the first-effect tube nest ls clischarrrecl by 
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Figure 11-4.-Internal constrnction of a Soloshell distilling plant. 

pump to the deaeratlng fee d tank. In an emer­
gency, the condensate may be discharged to the 
main co1idensers, tho auxiliary turbo-generator 
condensers, or the fresh waler drain collecting 
system. This condensate is returned to the 
boiler feed system to he Ip maintain the heat and 
water content of that SyHlem constant. 

Steam generated In the evaporator shells by 
the evaporation of the feed water is referred to 
as VAPOR, to prevent confusing it \\ith the 
steam which is introduced into the first-effect 
evaporator tubes and Is the outside source of 
heat for the plant . The vapor is separated 
from the feed water at the water surface and, 
although the vapot· ltseU is pur e, s mall particles 
of r aw, unevaporated feed water are mixed with 
it. · The particles of feed water are r emoved 
from the vapor by a ser ies or baffles above the 
surface of . the water in the evaporator shell, 
and by additional baffles or vanes in the first­
effcct vapor separator . 

The vapor cht\/lges its direction of motion 
several times in passing around the booked 
edges of the baffles and vanes. Tile hooked 

edp;es h'ap partic les of feed water and dr ain 
tllem Into pipe lines . 'l'hese pipe lines dis­
charge the separ ated mois ture as far away as 
possible from the vapor separator in the evap­
orator shell. 

After passing through the vapor separator 
on Its way to the second- effect tube nest, the 
vapor passes through a vapor feed heater. Part 
or the vapor is condensed as it gives up its latent 
heat to the feed water passing through the tubes 
or the heater . The remaining vapor and distillate 
pass together into the tube nest of the sccond­
effect evaporator . Her e the first-effect vapor 
gives up its la tent hea t in generatlnr; vapor 
from the feed water in the second-effect evnp­
orntor shell. This exchange or heat condenses 
the re maining fir st-effect vapor. 

In lhe second-effect shell, the pr essure su1·­
rou11dlng the sea water is consider ably less than 
In the first-effect shell. This makes It Possible 
to use the vapor formed in the first-effect shell 
to boll and vaporize the sea water In the second­
effecl shell. 
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The vapm· geno..ated in the second-effect 
shell passes through a vapor separator and into 
a distilling condenser. The condensing tubes 
nearest the incoming vapor are utilized as a 
reed heating section where the vapor is partially 
condensed, thereby heating the feed water cir­
culating through lite condenser tubes. The 1·e­
mainder of the vapor is condensed In the con­
densing section and is disch'1rged to Clle test 
tanks as fresh watct'. 

The first-effect distillate in the second-effect 
tubes is clischai-ged through the second-effect 
tube- nest drain reg\1lator and led to the disti lling 
condenser through the flash chamber . 

The distilling condenser circulating water 
1>ump takes suction from the sea and discharges 
the water through the distillate cooler and tbe 
dlstilling condenser . A strainer is instnlled in 
the pump suction piping. 1'he cooling water 
passes through the shell ot the distillate cooler 
and then through the t uhes of the distilling 
condenser . The coo ling water is then discharged 
overboard Uu·ough a spring- loaded back­
pres~-ure valve set to maintain a back pressure of 
about 5 psig. 

A portion of the sea water discharged from 
the cooling water ch·cull is used as feed to the 
first-effect evapor ator . A 5 psi bacl< p1·essure 
provides sufficient head to force water through 
the reed heater to the first- effect shell . The 
evaporator feed water is discharged Into the 
second-effect vapor feed heater which is located 
near the distilling condenser section o!the shell. 
After passing through the second-effect vapor 
feed heater rubes, the feed water tr avels through 
the tubes of the air ejector condense r . From 
the1·e, the feed water t s led inlo the first-effect 
vapor feed heater tubes . After passil1g through 
the first.-eHect vapor feed heater , the f~ed water 
enters !he fil'st-cffect she ll thro11gh perfo1·ated 
Internal feed distributing pipes located well 
below the working water level in the sheJJ. 

A port.ion of the feed water is eva}lorated 
after entering the first- effect shell. This in­
creases the density. or salinity, of the remaining 
portio1\. This denser or saltier watel', commonly 
referred to as BRINE to distinguish it from sea 
water, is led into the second-effec t s hell . 

The br ine is transferred to the second- effect 
shell through a pi_peline having a manually co:>­
trolled !eed regulating valve installed In It . The 
highe r 1>ressure In the first-e!rect shell is 
utilized to force the brine into the second effect, 
where it is distributed by means of pe1·foratcd 
internal feed pipes. (In a ti·;plc-ef!ect plant, 

the brine then passes to the third-effect shell 
tbrough u pipeline and is dis1t·H1utecl in a manner 
similar to that in the second-effect shell of a 
double-effect plant .) 

A b1·ine overboard pttmp takes suction from 
the second-effect shell 1hrough a Macomb-type 
s lr aine l·, and discharges the brine ove1·board. 
To permit rapid draining of the first - and second­
effect shells, as when chill shocking, they have 
suction co11neclions leading cllrectly to the brine 
overboard pump. Since these connections are not 
used ln normal oper ations, they are pr ovided 
with va lves that can be locked closed to prevent 
accidental opening, which wou Id upset proper 
operations of the plant. 

T1·iple-Effect P lants 

The triple-effect disfilling plant is similar 
to the double-effect plant except the triple 
effect has an intermediate evaporating stage. A 
standard 20,000 gpd triple-errect plant consists 
of three horizontal, cylindrical shells (fig . 11- 5) 
set side by side with their axes parallel. The 
tube bunrlles can be withdrawn from the front 
cove r of each shell . The fi r st- and second-effect 
vapor feed heaters are built Into the front eml 
of tlie second- and third-effect evaporator shells . 
The disti llini; condenser is contained within tJ1e 
third-effect shell. The air ejector condenser 
and the distillate cooler are in separate shells 
and are mounted on the third-effect shell. 
Figure 11-5 illustrates the internal arrangement 
of a first-effect evaporator s hell of a triple 
effect plant. 

Another 20,000 gpd triple-effect deslgn con­
s ists essentially of three horizontal shells bolted 
together end to end, with ve1·tica l partition 
plates between each section tshe ll) to foi·m the 
three effects. The tube bundles can be withdrawn 
horizontally through one side of U1e cylinder. 
Vapor separators In independent shells ar e 
inst.a iled in the vapor pipinlJ' between e ffects 
and bet.ween the third effect and the distilting 
condense t-. The first- and second-effect vapor 
feect heaters are in separate shells and arc 
mounted in the piping at the inlet to the seeond­
and third-effect tube buncUes, rcs11cctively . The 
two sections of the distilling condenser and the 
distillate cooler are built into a s;nglc shell 
and independent ly mounted as space and piping 
arrangements may permit. The air injector 
condenser is also a separately mounted unit. 
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Figure 11-5.-Trlplc-effecl distilling plant: {a) outside arrangement. 
(b) internal arrangement of the first- effect S11ell. 
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The 30,000 gpd tr iple-effect p lant ls slmilar 
to the 20,000 gpd pl~nl , except for the increased 
Sl7.<.' Of the units. 

Ther~ arc two types of 40,000 gpd triple - effect 
pl~\llls which arc wide ly usect in naval ships. The 
first type us<.'s e xactly the same arrangement as 
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the 20,000 gpd triple-effect plant, with the size 
of the units and parts increased as necessary for 
the greater capacity. The second type consists 
of three horizontal shells, usually mounted side 
by side with axes parallel. The tube bundlescan 
be withdrawn through the front end of the shells 
as in the 20,000 gpd two- shell double-effect plant. 
In this design, both vapor feed heaters and 
distllllng condenser are built as three lt1de­
pendent units, each mounted separately outside 
the evaporator shells. The air ejector condenser 
and the distillate cooler , also In independent 
shells, are separately mounted outside the 
evaporator shells . 

When comparing a low pressure triple­
effect distllllng plant with a low pressure 
double-effect plant, it will be noticed that: 

I. UNITS ADDED to the triple-effect plant 
include one evaporator shell, one vapor separa­
tor, one feed water heater, one feed pump, and 
several salinity cells. The evaporatol'feed pump 
takes suction fr om the distilling condenser cool­
ing water circu it at a point between the outlet 
of the condensing section of the distilling con­
denser and the spring- loaded back-pressur e 
valve. 

2. The SALT WATER FEED Is plped suc­
cessively from the first-effect shell to the 
second- and third-effect shells. The water de­
creases in heat and increases in density as it 
prog1·esses from the fir s t to the third effects . 

3. The BRINE DISCHARGE ls made from 
Ille thlrd-e trect shell insteadoffrom the sccond­
elfect shell. 

4. The GENERATOR HEAT in thetubenests 
of the second- and third- effect shells is derived 
from U1e vapor cr eated in the preceding shell. 

5. The VACUUM is increasingly higher In 
each successive evaporator shell and in the 
plant as a whole, as the distance from the air 
ejector and the distilling condenser is decr eased. 
This higher vacuum, lowe1· ing the bolling point . 
makes it possible to generate vapor with the 
lower overall temperatures of the sea water or 
brine and the vapor filled tubes. 

The principal parts of a low pressure dis­
tilling plant include the tube nests, distil ling con­
denser, vapor feed heaters, level controllers, air 
ejector, flash chamber, air ejector condenser, 
distillate cooler, and tube-nest drain regulator . 

EVAPOllATOR TUBE NEST. -The evap­
orator tubes are made of copper-nickel alloy. 
The tube bundle (fig . 11- 4) consists ot two sets 

of tubes-an upper set of either eight or nine 
r ows of horizontal tubing, and a lower set of two 
or three rows of similar tubing. Tube ends are 
Inserted Into and expanded to flt tightly In holes 
In the front and rear tube sheets (fig . 11-5). 
Both front and rear tube sheets are provided with 
flanged heads or cover plates. The internal 
areas of the tubes and heads thus form the 
evaporator heating section (tube bundle). The 
front head and tube sheet are flanged to the 
front head or the shell cylinder. 

The r ear tube sheet and head, and an 
Intermediate tube supporting plate are sup­
ported Inside the shell cylinder by rollers 
Which are mounted on r ails. This "floating 
head" design permits unrestricted expansion and 
contraction of the tube bundles. In addition, this 
type of construction per mits removal of the lube 
bundles tor c leaning. 

DISTILLrNG CONDENSER.-This condenser 
consists mainly of a bank of tubes tlwouiih which 
the coollt1g sea water flows, a baffle plate which 
deflects the water vapor away from the :1lr pre­
coollng section, a section of tubes known as the 
inner heating section, and an outside shell. 

On the feed Inlet end of the condenser there 
is a zinc pencil , and at the outlet end a zinc 
plate Is Installed. In standard designs, the con­
densing unit Is generally built into the thlrd­
effect s hell. The distilling condenser or the 
Soloshcll double-effect plant Is built into the 
uppermost part of the second-ef!ect shell (fig . 
11- 1). However, in some distilling plants the 
condenser Is a separate unit, such as that il­
lustrated in figure 11-6. 

VAPOR FEED HEATERS.-Thc number of 
vapor feed heaters in a dtslilllng plant varies, 
depending upon the number of effects and the 
design of the plant. The feed water passes 
through the tubes In these heater s on its way t.o 
the first-effect shell. Vapor from one of the 
evaporator shells passes into each lleater and 
flows around the heater tubes, thus heating the 
feed water . A typical vapor teed heater ls 
shown in figure 11-7. 

LEVEL CONTROLLERS.-ln practically all 
of the dlst!lilng plants built prior to 1950, the 
water level in the shell of each effect is con­
trolled by manually regulating the lndlvldualfeed 
inlet valves. Many of the plants built s ince that 
date . however , are provided with automatic 
feed-level contro l devices . These adjustable 
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F'lgure 11 -6.- Distilling condenser . 
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Figure 11-7 .-Vapor feed heater. 
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weir type level controllers (fig. 11- 8) are 
located In the brlne dlscharge from each effect. 
The feed from each effect to the next is only 
the amount of brlne that spills over the weir 
and is the excess of feed over evaporation in 
that efrecc . 

The weir proper Is carried on an adjusting 
screw which permits the height to be adjusted 
co any desired operating level. The bottom of the 
weir chamber ls water-sealed to prevent equal­
izing shell pressures. 

The level controllers consist of a chamber 
in paralle l with the evaporator shell. A weir 
pipe wlthhl each cvapo1·ator shell discharges 
into a weir well. Feed water in excess of that 
which is evaporated spills over !lie weir pipe 
and into the weir well. 

The Internal weir pipe may be r aised or 
lowered by the external handwheel. The weir 
we II vents into the weir chamber by a pipe 
which also serves as a guide for the weir pipe. 
A gage glass Is lnstalled on the weir well. 

FLOWRATOR.-Some distilling plants may 
be equipped with a Clowrator or r otameter or 
some other visual flow indicator in the evapor­
ator feed 11.ne . Flowrators are calibrated in 
gallons per minute (gpm) and it is possible to 
set the r ate-or-reed by adjusting a hand valve In 
the !eecl line. In order to maintain the proper 
brine density of 1.5 pounds of dissolved salt 
to 32 gallons or sea water (1.5/32) in the last­
effect shell, three gallons of sea water must be 
fed Into the dlslllling plant for each gallon or 
distilled water produced. The remaining two 
gallons of concentrated sea water (brine) are 
pumped overboar d. The Uowrator compares 
the amount or Incoming feed against the amount 
of brine leaving the last effect, thus making It 
simple to keep the feed rate adjusted correctly. 

SOLENOID-OPERATED DISTILLATE BY­
PASS VALVE.-In later installations, a three­
way solenoid trip valve is usually provided co 
divert tho output to the bilge whenever the 
purity is unsntisfactory. The solenoid valve ls 
tripped automatically whenever the salt content 
at the distillate cooler outlet exceeds 0.25 
grains ix1r gflllOn (gpg) or 0.065 equivalents per 
million (epm). When this occurs , the distillate 
continues to flow to the bilge and an alarm Is 
sounded on the sallnlty indicator. 

The solenoid valve is so v.'ired that flow can 
be directed to the ship's tanks only when the 
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Figure 11- 8.-Weir type level controller . 

solenoid Is energized. An increase In sallnlty 
to more than 0 .25 gpg (0 .065 epm) deenerglzes 
the solenoid and trips the valve to the bilge. 
This arrangement makes It impossible to reset 
the valve to discharge co the ship's tanks until 
the salinity is below 0.25 gpg (0 .065 epml and 
the solenoid ls again ener gized. In the event o! 
a power rauure at the panel, the solenoid valve 
wtll trip and discharge to the bilge. 

Am EJECTOE!.-The function of air ejectors 
is to r emove the nonconctensable gases, mainly 
air, which may leak or be discharged into con­
densers operating under a vacuum. '!'he alr 
ejector (fig. 11-9) is a comparatively simple 
mechanism consisting of a s team inlet and 
nozzle, an inlet for the saturated air Crom the 
condenser, and a diffuser tube. 
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47.122 
>'lgure 11-9.-Air ejector. 

Steam (125 to 150 pounds) ls led lo the air 
ejector and passes through tile nozzle. The steam 
attains a high velocity as it passes from the 
nozzle. The high- velocity steam Jet issuing 
from the nozz le creates a suction artd draws in 
the saturated air from the clls\llllnl( condenser. 
Two air ejector s are usually provided for each 
distilling plant: however, one unit Is sUfficient 
to operate the plant . 

Affi EJECTOR CONDENSER.-The steam­
al.r mixture discharged from the air ejector is 
normally condensed In a shell and tube type air 
ejector condenser (fig . 11-10). This Is nothing 
more than a bank of tubes divided by " series 
of baffles and enclosed in a shell . The h:lliles 
ensure that lhe steam-air mixture passes over 
the entire cooling surfa~e of the tulies befor e 
reaching the air vent. The steam Is condensed 
and the resulting condensate Is led Into the low 
pressure drain system. 

DISTILLATE COOLER.- Thc distillate 
cooler (fig. 11-11) is a tubular surface multi pass 
heat exchanger. The fresh waler (distillate) from 
the disti lling condenser is drawn out by the 
distillate pump and dischar ge(! through the 
lubes of tho disti llate cooler. ( 1.>illll' units cir-

culate the sea water through the tubes and the 
distillate around the tubes.) From here the 
distlllate Is further drawn oul by the fresh 
water pump. (Later units omit the fresh water 
pump.) 

Fl.ASH CHAMBER.- The flash chamber is 
essentlally a 1·eceptacte within which the seconc\­
effect drains are r educed to a pressure and 
temperatu re corr esponding to the dlstilllng 
condenser vacuum . The flash chamber Is at­
tached or located on the thlrd-eC!ect side or the 
e\•aporator shell. 

TUBE-!\EST DRAIN REGULATOR.-A rube­
nest drain regulator (fig. 11- 12) Is Installed in 
the drain line from each evaporator tube nest. 
The drrlin regulator consists of a body and 
cover enclosing a balanced cage or rotary valve 
operated by a l1all lloat. The dr"ln t· egulator 
prevents the generator s team from blowing 
througlJ the lube bundle in the first and second 
effects, and thus forces it to give up Its latent 
heat of condensation in the tube nest. 

PUMPS.-Dlstllllng plant pumps are the 
constant speed, centrifugal, motor-driven type. 
No details on operation, construction, or mainte­
nance are given here; information on centrlCugal 
pumps may l>e found In chapter 9 of this train­
ing course and in B.1Ships Technical Manual, 
chapter 0470 (47) , Distilling plant pumps should 
always be Installed with a submergence equal to 
that specified on the nameplate or given by the 
manufacturer. The pump's speed and direction 
or rotation should be checked frequently and 
rechecked after any work is done on the pump 
or motor. For detailed ln!ormallon on any 
given unit, consult the manUfacturer's technical 
n1anual. 

OPERATION 

This section deals wit.11 the opernllon of low 
pressure submerged tube plants, The lar ge 
quantities of pure fresh water requfred aboard 
sWp make It impossible to store suC!icienl 
water for more than a few days' supply. With 
proper operation and maintenance, submerged 
rube distilling plants can make adequate fresh 
water to supply the needs of the ship. 

Carefu l starting, operating, and securing 
of distilling plants will, to a great extent, ensure 
trouble-free operation. Operating procedures 
and impor tru1t maintenance factors are discussed 
in the sections which follow. 
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F1b'l.lrc 11- l 0.-Air ejector condenser. 

Starting a Manua lly Controlled P lant 

To start a low pres sure submerged tube 
dlstllllng plant, when the evaporators are empty 
and all punlps are secured, the following proce­
dure should be used: 

1. Open all valves and air venl s in lhe Cir­
culatblg water circuit from the sea suction to the 
over board discharge, :lnd st art the ch·cuiating 
pump. 

2. Adjust Ille spring- loaded back- pressure 
va lve in the cir culating water overboard line 
to maintain a pr essure or 5 psig on the feed 
pump sucllon. 

3. Open all valves in the evaporator reed 
system and lhe brine over board line. except 
the br ine pump dischar ge valve and the air 
e jector condenser emer gency circula ting wa ter 
ove rboard valve . 

4, Slart lhe evaporator feed pump. 
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Figure 11-11.-Dlsttllate cooler. 
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Figure 11-1 2.-Tu be-nest drain 1· egul ator . 

5. When a water leve 1 of IO to 13 inches 
appears In the second- effect shell, start the 
brine overboard pump, and crack open the dis­
charge valve on this pump. The brine overboard 
valve at the ship's side and the valve in the 
"uctlon to this pump should always be wide open 
dul'ing operation. 

6. Open the valve in the emergency circula­
ting water line from t.he air ejrJc lor condenser. 
Open !he second-effect lube-ne~t vent valve wide; 
the first-effect tube-nest vent valve remains 
closed. Open the air ejector suction valve, then 
open the Steam supply to the air ejector ; be 1>"Lire 
that the ruu pressure r equired Is available al the 
nozzle and that the steam supply line Is drained. 

? . When the second-effect evaJ>()rator shell 
indicates about 16 inches of vacuum, partially 
open tho first-effect steam valve . When conden­
sate appears in the first-effect dralu r egulator, 
dr ain off some of the condensate and lest it 
chemlcully. If the condensate Is salty, cHscha1·ge 
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it to the bilge until the salinity drops to 0.25 
grains per gallon (gpg). If the condensate is 
acceptable. start the first-effect tube-nest 
drain pump and discharge to the deaeratlng 
feed tank . 

8. When a distillate leve l appears in the 
sccond-cffecl drain regulator gage R" lass, open 
the dischar ge valve at the clraln rogu !:\tor and 
when distillate appears in the flash chamber 
gage glass, open the valve at the distillate pump 
suction. 

9. Start the condensate pump and open all 
valves ln the dischar ge line from this pump to 
the test tank. When water appears In the gage 
glass of the test tank, draw off some or the dis­
trnate and test it. If the distillate Is not of suf­
ficient purity. discharge to \he bilges. 

10. Open all the required valves iu the fresh 
wale1· system, except the fresh water pumpdls­
charge . Start the fresh water pump and r egu­
late the discharge valve to maintain a desired 
leve l In tho test tank. Open the wnte1· meter 
cutout vnlves and close the bypass valves 
around the water meter so production can be 
recorded. 

11. As the output of the plant Is gradually 
increased, the feed valves should be adjuste<I 
to the desired position . When sufrlclent fee<! 
water is flowing through the air ejector con­
denser, c lose off the emergency circulating 
water valve. The valves in all vent lines 
should be adjusted to their normal operliting 
posltlon. When I.he first-e ffect s tnam pressu re 
and lhe second- effect vacuum both have attained 
their desired values, check the density of the 
brine pum1> discharge. Careflllly manipulate 
the brine overboard control valve until the 
brine density reaches a value or 1.5 t11lrty­
seconds. 

12. 1f the flow of evaporator recd through 
the air ejector condenser is slopped tcmJ>()rarily, 
such as when correcting high reed leve l 111 the 
firsl-o ffecL evaporator shell, vapor may dis· 
charge into the evaporator r oom through lhe air 
ejector condenser ve nt pipe . This condition may 
be r emedied by slightly opening the vnlve in the 
overboard line from the feed outlet of the con­
denser to permit the c irculation of waler through 
the after condenser and overboard. This valve 
should no< be opened more than Is required in 
order to prevent an excessve amount ol heated 
feed water being discharged overbo:u·d . When. 
for an y 1·eason, the salinity lncllcator indicates 
higher than 0.25 gpg (.065 cpm), immediately 
shift lhe distillate to the bilges. 
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Securing a Manually Controlled 
Plant 

The correct proce<htre for securing a man­
ually controlled low pressure distilling plant 
begins by notifying the e ngineer omcer of the 
watch that the evaporator plant Is ready to be 
secured. Wben permission to secure has been 
received, the following procedure should be 
used: 

1. Secure exhaust steam to the first- effect 
tube nest and the discharge from the first-effect 
tube-nest drain pump to the ship's condensate 
system. Open drain to tile bilges. 

2. Secure the tube-nest cil'ain pump. 
3. Secure the distillate pump. 
4. Secure lhc fresh waler pump. 
5. SeCul·e the inlet and discharge valves 

to the fresh water meter. 
6. Secure tl1e steam to the air ejector. 
? . Close the first-effect tube-nest vent 

\ 1alvc. 
8. Allow the r.ircu Jating pump, evaporator 

feed pump, and brineoverboardpumptocontinue 
operating for a few minutes to cool the distilling 
plant. 

9 . Secut•e the brine ovcrboai·d pump. 
10. Secure a ll pumps, suction and discha rge, 

maklng sure that evaporalor tube bundles are 
fully covered with water. 

11. Close the sea injection valve and the 
brine overboard va Ive at the ship's side . 

12. Secure the inlet and outlet valves of the 
second-effect tube-nest drain regulator. 

13. Secure the feed valves for each evapora­
tor. 

Starling an Automatically 
Controlled Plant 

To st:lrl an automatically controlled low 
pressure distilling plant when the evaporators 
are empty and :ill pumps have been s ecu red, 
the rollowing p.-ocedures should be used: 

l. Open wide all valves in the cir culating 
water circuit from the sea suction to the ove1·­
boarcl discharge. 

2. Start the circulating pump. F\tmps must 
not be run dry. Before starting any pump. see 
that the suction, vent, and gland seal valves 
(where provided) are open , and thm the pump 
casing is full of water. On centrifuga l pumps, 
it is preferable to leave the discharge valve 
closed until after the pump has l>een started. 

3. Check to see that the sprlng-loadedback­
pr essure valve Is properly adjusted to maintain 
5 psi In the discharge line from the distilling 
condenser . 

4. Open all air vent cocks on the distilling 
conclenser, vapot· feed heater , and air e jector 
condenser heads until the air is expelled, then 
close the vent cocks. 

5. If evaporator bundles are submer ged, 
see that the first-effect feed valve ls closed 
and that the overtJow weir pipes are set at their 
highest position. If the bundles :u·e not sub­
merged, see that the weir s are at theh· highest 
position, open lite feed valves until the tube nests 
ar e fully cove r ed, and then c lose the feed va lves. 

6. Open the valve in the emergency circula­
ting water line from the air ejector condenser . 

7 . Open wiae the second-effect evaporator 
tube-nest vent valve. The first-effect tube-nest 
vent valve shou ld remain c losed. 

8. See thal the first-effect tube nest and the 
air ejector condenser drains are directed only 
to the bilge, and not to the sl\ip' s tanks. 

9. Open the a ir suction to the ejector . Open 
the steam supply to the ejector, making sm·e that 
the full pressure required(slampedonthename­
plate) is a\•ailable at the nozzle, and that the 
s team supply is properly drained. 

10. Test the salinity of the air ejecto1· conden­
ser drain. When less than 0 .25gpg(0.065 epm), 
close the bilge drain and open the drain to the 
tank. 

11. When tbe second-effect shell vacuum is 
about 16 inches, gradually open wide the first­
effect tube-nest steam supply valve. Adjust the 
regulating valve to maintain a steady pressure 
of 5 psig. The h1st-eftect shell vacuu m should 
continue to inc1·ease to 26 inches or more . 

12. When the clisli llate dischar ges lrom the 
first-effect CU-aln line to the bilge, test for 
salinit y. When satisfactory, close the bilge 
drain valve, set the drab1 valves to discharge 
the distillate to the re turn system, and open the 
first- effect tube-nest vent valve one full turn. 

13. When distillate a1>pears in the second­
e ffect CU-ainer, see that the drainer discharge 
valve is open, and then adjusr the second-effect 
tube-nest vent valve to operating l>OSition (ap­
proximately one turn open). 

14. When distillate apJ>earsinthe flash cham­
ber, be su• e the distillate cooler discharge is 
din •cte<l to the bilge by manually tripping the 
solenoict-actuatecl valve . Then start tile distillate 
pump. (The same point applies here as was 
given in 2, with reference lo starling a pump.) 
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15. 'l'be following steps should now be per­
formed in fai r ly rapid sequence: 

(a) Lower the overflow weir pipes to 
their ope rating positions. 

(b) Star t the brine pump and open all 
valves in its discharge line . 

{cl II a loop seal of at least 8 feet has 
been pr ovided in the feed line between 
effects, open wide the second-effect 
feed valve . Otherwise open it par ­
tially . 

(d) Close the emergency cir cu lating 
water · over board line from the air 
ejector condenser and open the first­
eftect feed valve . 

16. When the salinity of the distillate leaving 
the distillate cooler l s less than 0.25 gpg (0.065 
epm), set the solenoid valve to discharge lo the 
ship's tanks. 

17. Open and adjust the feed-treatment injec­
t ion valve or pump, if feed treatment is to be 
done. 

18. After the plant has been in oper ation about 
half an hour, check the density of the brine. If 
the density Is more than 1.5 thirty-seconds, 
open wider the fir st-effect feed valves; if less 
than l.5 thirty-seconds, close down on the valve. 
Repeat evtry halt hour until two successive r ead­
ings of 1.5thirty-seconds ar e obtained. 'l'hen tes t 
at hourly intervals. 

Securing an Automatically 
Controlled Plant 

The correct procedure for securing an au­
tomatically controlled low pressur e distilling 
plant begins by notifying the engineer officer of 
the watch that the evapor ator plant is ready to 
be secured. When permission to secure has 
been received, the following procecture should be 
used: 

1. Shut off the steam supply to the first­
effect tube nest. 

2. Close the first- effect tube- nest drain 
line to t.he return systen1, and open the drains 
to the bilge . 

3. Close the first-effect tube-next vent ''alve . 
4. Close the air suction and steam s upply 

valves to the air ejector . 
5. Open wide the s econd-effect tube-nest 

vent valve . 
6. Secu re the disti llate pump. 
7 . Raise the \Veir pipes, on l>oth effects, 

to their highest positions and continue operation 

of the c ircu lating water pump and brine over­
boa1·d pump for 10 minutes or longer to cool off 
the distilling plants. 

8. Secure the br ine overboard pump. 
9. When both tube nests ar e fully covered 

with water, secur e the circulating pu mp. 
10. Secure the suction and overboard sea 

chests. 
11. Secure the feed valve to the first effect. 
12. Close the air ejector and condenser drain 

lines to the return system and open the drains 
to the bilge. 

13. Trip the solenoid valve in the distillate 
lines to discharge to the bilge. 

MAINTENANCE 

The full output of a distilling plant can be 
maintained for relative ly long periods without 
interruption only if every part of the plant is 
kept in proper operating condition. This can be 
accomplished by periodic tests, insp~ctions, 

cleaning, and maintenance . No strict schedule 
can be set up but exper ience with a particular 
installation may indicate the frequency of test­
ing, inspecting, cleaning, and maintenance re­
quired for the unit. The following are some of 
these maintenance procedures and the approxi­
mate frequency requir·ed . 

Plant Out.put 

Failure to obtain full rated capacity is one 
of the most frequent troubles encounter ed during 
operation of a dis tilling plant . The trouble may 
be ver y difficult to r emedy since it may r esult 
from a combination of things. The various fac­
tors which promote full output of the distilling 
plant are as follows: 

1. Proper steam pressur e above the or ifice. 
2. Highest possible vacuum in the first­

effect tube nest. 
a. No air leaks. 
b. Pr oper water levels in the evaporator 

shells. 
c. Evaporator tube nests continuously 

vente d. 
ct. Evaporator tube nests reasonably 

clean. 
(1) Continuous feed treatment and 

periodic chill-shocking. 
(2) Tubes mechanically c leaned when 

necessary. 
e. Density of brine overboard not over 

1.5/32. 
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(1) Overboard piping reasonably 
clean. 

{2) Proper valve settings. 
(3) Proper operation of brinP. pump 

(clean piping and strainers, proper speed and 
direction of r otation, pump proper ly vented, 
gland properly packed and sealed, no air leaks 
in piping). 

f, Tube nests properly drained. 
(1) Proper operation of all drain 

regulators. 
(2) Proper operation or the tube nest 

cll'ain pump. 
3. Highest possible vacuum In the last-effect 

shell. 
a. No air leaks. 
b. Pr oper air e jector operation. 

(1) Clean nozzle and strainer. 
(2) Steam at the r equired quality and 

q.ianuty . 
c . Ample now of circulating water. 

(1) Clean strainer , pipe line, and 
tubes. 

(2) Proper valve settings. 
(3) Proper operation of the circu­

lating pump. 
d. Effective surface in the distilling 

condenser. 

tubes . 

pump. 

(1) No undue deposits Inside the tubes. 
(2) Pr oper venting of the condenser 

(3) Proper operation of the condensate 

The preceding outline indicates the manner in 
which the listed factors affect not only another 
but also tile overall performance and the out­
pil or the plant. The localion of the factors In 
the outline dc>es not necessa1·1Jy indicate theft· 
r elative importance. For example, improper 
operation of the condensate pump may affect 
the output directly (in addition to affecting the 
condenser vacuum), since undrained distillate 
v.111 decrease the condensini; surface in the 
dlslllling condenser , thus affecting the vacuum; 
or, in some plants, it may spill back into the 
last effect and be re-evaporated. Other factors 
which may affect the overall performance and the 
output of a submerged tube distilling planl are 
considered in the following paragraphs. 

Evaporator Steam Supply 

A distilling plant cannot maintain its !\all 
output unless it is supplied wlth dry s team at 
the designed pressure, The orifices supplied 

are designed to pass the proper amount of steam 
to eDsure designed plant output with a presst1re 
of about 5 psig above the orifice. The ori!ice 
should be inspected annually. Al this time the 
orifice s hould be measu red and the r eading com­
pared with the figure stamped on the plate . If 
necessary, the orifice should be renewed . 

If the steam pressure above the orifice 
varies, the source of trouble should be located 
and corr ected. First the weight- loaded regu­
lating valve shou Id be checked, and then the 
pr essure r educing valve (if Installed) , to deter ­
mine whether or not tbe valve is operating 
proper ly. U they are functioning properly and 
tt1e pressur e cannot be maintained above the 
01·ifice, an insufficient amount of steam is being 
supplied to the plant . 

The auxiliary exhaust steam supply for the 
distilling plants, after passing through the regu­
latilig valve, is ust1aUy slightly Sl.lperheated, 
due to the pressure dl"Op through the reducing 
valve :u1d orifice plate. A small amotmt of 
superheat has little or no ef!ect on oper ation or 
scale formation; however, if it Is necessary to 
use live steam, the installed desuperheater 
spray connection should be used to control the 
superheat. The water fo1· dest1perheating must 
be taken from the boiler feed system, pr eferably 
from the first-effect tube nest drain pump, 
since this source provides water at the satul'a­
tlon temperatur e associated wiUa the first effect 
pressure. Water for desuperheaUng mustnevel' 
be taken directly from the fresh water distilled 
by the distilling plant. 

Fluctuations in the fir st effect generating 
s team pl'essure and temperature cause fluc tua­
tions or pressure and tempel'ature throughout 
the entire plant. The fluctuations may cause 
pr iming, with incr eased salinity of the distillate, 
as well as erratic water levels In the shells. 
Prope1· ope1·atio11 of automatic pa·essurc r cgu­
latol'S In the steam supply line wlll eliminate 
fluctuation of the pressur e in the first-effect 
beat exchanger. 

First-Effect 1\tbe Nest Vacuum 

The pressure maintained in the fir st-effect 
tube nest must be within the range or from 16 
inches or mercury, with clean tubes, to 1 to 2 
inches of mercury. The output of a submerged 
tube distilling plant is not greatly reduced unlit 
the deposits on the tubes have caused the vacuum 
to drop to about atmospheric pressure. When 
the first-effect tube nest vacuum is lost entirely, 
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the reduction in output beeomes very great. 
Assuming the reduction in vacuum is due to scale 
and not to Improper operating conditions. the 
tubes must be cleaned. 

Keeping the vacuum in the first-eflect tube 
nest as high as possible helps keep scale for ­
mation to a minimum, enabling the plant to 
operate at full capacity. 

A vacuum reduction resulting from any fac­
tor olher than deposits on tube surfaces should 
be corrected. This will rech1ce deposits and 
greatly prolong the interval o! time between 
cleanings. The primary factors affecting the 
first-effect tube nest vacuum are: air leakage, 
low water level in the evaporator shells, im­
proper venting of the evapor ator shells. scale 
or other deposits on the tubes, and improper 
draining of tho evaporator tube nests . 

Loss of vacuum resulting from deposits on 
evaporator tubes should be grad11a I. Under 
normal conditions, there will be no lar p;o change 
of vacuum for any one day's 01ieratlon. A sud­
den drop in vacuum can be traced to causes 
other rhan scale deposits. 

AIR LEAKAGE.- The generating steam cir­
cuit operates under vacuum and Is subject to air 
leaks. Leaks from the steam side of the firsl­
elfcct tube nest to the first-effect shell space 
will cause losses of capacity and economy. Air 
lealcs from the atmosphere Into the generating 
steam line (downstream from the ol"lflce plate), 
the first-effecl tube nest ft"Qnt header, and the 
first-effect tube nest drain piping will cause 
a loss of vacuum and capacity. Air leaks in 
this part of the distilling plant may be less 
noticeable than air or water !oaks elsewhere 
because rhe effect on the plant ls similar to the 
scaling of the tube surfaces. 

The importance of eliminating air leaks 
cannot be overemphasized. Many distilling 
plant troubles are direct results or air leaks. 
Ext1·ome care must be taken in making up joints 
and in keeping them tight . Joints should be 
periodically tosteci under pressure and, when 
necessa1·y, shell:tcked. 

There are several methods by which tests can 
be made for air leaks In the tube nests, heat 
exchangers, shells, and the piping systems of 
the distilling plant. When the plant Is in opera­
tion, a candletlame or a soapsuds test can be 
used to test all joints and parts under vacuum, 
With the plant secured, air pressure tests can 
be used on the various component parts of the 
distilling plant. The manufacturer's technical 

manual describes how the various parts of the 
plant can be Isolated and placed under air pres­
sure. 

Air leakage may also be detected by hydro­
statically testing the various parts of the plant. 
When performing air tests or hydrostatic tests, 
precautions shou ld be taken not to exceed the 
maximum limit of the test pressures specified 
by the manufacturer. 

WA'l'ER LEVE LS IN EVAPORATOR 
SHELLS.- A reduced first- effect tube nest vac­
uwn can result from too low a waler level in any 
evaporator shell. On older plants, the water 
levels are controlled by manually regulatingthe 
feed valves. On newer ships, the water levels a r e 
automatically controlled by weir type feed regu­
lators. .Inability to feed the first effect is 
usually due to scale deposits In the sea-water 
sides of the air ejector condenser and the vapor 
feed heater, or to obstructions In the feed line . 
Inability to feed second or third effects is due 
to a ir leakage or heavy scale deposits in the 
feed lines between the effects. It ts Important 
U1at the gage glass and the gage glass fittings 
be kep< free or scale or false water level indi­
cations will result. Air leaks around the gage 
glass will also resu lt in false level lndlcatlons 
in the gage glass. 

Once the dls t.illing plant is In operation, the 
feeding must be maintained at a steady rate. 
Sudden r ising of the wate r levels 01· too high a 
water level will cause carry over of small par ­
tic les or brine with the vapor (priming) . The 
level of watc1· in the sbell must be carr ied at 
the highest level that can be held and still pre­
vent the carrying over of salt waler particles 
with the fresh water vapor or scale will form 
rapidly on exposed tube surfaces. 

Tbe press11re differential between the first 
and second effects per mits the second-effect 
feed to be discharged into the second-effect 
shell. A putlai or total loss or pressure dif­
ferential indicates that air leaks have occurr ed 
between the first and second-effect shells in 
the two-effect distilling plants. L.vge air leaks 
between lhe first and second effects can be 
readily detected because the vacuum gage for 
the first effect will read approximately the 
same as the vacuum gage for the second effect. 
Large air leaks of this type will disrupt the 
operation of the plant and must be located 
and repalre cl before the plant will operate 
properly. 
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IMPROPER VENTING OF EVAPORATOR 
TUBE NESTS.-Improper venting of the evapo­
rator tube nests causes either an accumulation 
of air In the tubes, will! a loss of capacity, or an 
excessive loss of tube nest steam to the dlstllllng 
condenser, with loss or economy. Troubles of 
this type usually r esult from Improper operation 
rather than rrom material failur es. 

SCALE DEPOSITS ON EVAPORATOR 
TUBES.-When the Hr st-effect tube-nest vacuum 
decreases, the evaporator output also decreases. 
Assuming the reduction in vacuum is due to scale, 
and is not the r esult of Improper operating con­
ditions, the evaporator tubes MUST be c leaned 
when the tube -nest vacuum approaches zero. To 
maintain adequate output the tubes SHOULD be 
cleaned when the first-eC!ect tube-nest vacuum 
falls below 3 inches or mercury . 

Salt water flows Inside the distilllng con­
denser tubes, air ejector condenser, and vapor 
feed heaters. Under some operating conclitlons, 
scale deposits may accumulate inside these 
tubes, 11artlcularly in the air ejector condense1· 
and the Cir st-effect feed heater. Every 6 months, 
or whenever the plant Is secured ror descallng 
evaporator tubes, the Inside surfaces or these 
heat exchanger lubes should be inspected and 
cleaned if necessary. Neglect can lead to thick 
scale deposits which will be difficult toremove. 

Scale Prevention. -Vory llttle hard sca le 
should Corm in a distllllng plant using sea water 
for reed If: feed water distribution is proper, 
steam pressure above the orifice is not more 
than 5 psig, a high vacuum is maintained, and 
tbe density o! the brlne overboard is not over 
1.5 thirty-seconds. 

During normal operating conditions, scale 
dcposlls will form at a certain rate on the 
distilling plant evaporator lubes. The rato of 
scaling depends upon the concentration of sus­
pended matter and carbonates present in the 
sea or fresh water used to feed the distilling 
plant. However, the Important point to r emem­
ber Is that excessive scaling of the evaporator 
tubes can be caused by improper operation of 
the distilling plant. 

The scale deposits lnc1·ease as the density 
of the brine in the last-effect shell increases. 
The brine concentralion Is dependent mainly 
upon the quantity of brine pumped overboard 
and upon the amount or fresh water pr<><t.Jccd. 
If the brine concentrallon Is too high, there 
will be an Increase In the rate or scaling of 

the evaporator tubes, and the quality of the 
distillate may be Impaired. 

To retard the formation or scale on evap­
orator tubes and to minimize priming, solutions 
are continuously injected into the ovaporato1·s. 

A chemlcnl compound known as HAGEY AP 
replaces cornstarch and boiler compound for the 
treatment of evaporator feed water and has been 
accepted as the Navy STANDARD FEED TREAT­
MENT COMPOUND. Hagevap has proved lo be 
superior because or its ability to prevent the for­
mation o! scale . The use of Hagevap increases 
the pr oduction of distilled water by decreasing 
the amount of lime that plants must be shut down 
for cold shocking and scale removal. 

Hagevap Is composed of po lyphosphates, 
lignins, and antlfoam agents. The polyphos­
phates combine with the scale-foi·ming par­
ticles in sea water, while the Ugnins keep 
the resulting solids dispersed and suspended. 
The antifoamlng agents prevent roaming and 
he Ip prevent scale . 

Proportioning pump and hmk assemblies, 
available from the ships parts supply segment 
of the naval supply system, consist of a 30-
gallon mixing tank having a capacity of 24 
gallons Crom top to bottom of the gage glass 
and a simplex or dlplex proportioning pump 
having a maximum capacity of 2.5 gallons per 
hour per pump. Some assemblies may differ 
In the capacity of tank and/or pump. Installation 
instructions In the form of SHIPALTS have been 
issued for all c lasses of ships having low 
pressure submerged tube or vertical basket 
iype distilling plants installed. 

The required amotmt of Hagevap should be 
dissolved, by stirring, in a bucket of warm 
water at a temperatur e not to exceed 100°F. 
This concentrated solution is dumped into the 
30-gallon mixing tank, enough cold water Is 
added to dilute the solution to n total of 24 
gallons, then the mixture should be stirred 
thoroughly to ensure a uniform solution. This 
miJting and dilution can be carried out while 
the pump continues to dellver Hagevap to the 
operating evaporator. 

The simplex pump consists of one pump and 
one motor. The duplex pump consists or two 
pumps, driven by one motor, served by the 
same mixing' tank. Duplex punips may serve 
two <llstilling plants ONLY when the two plants 
have the same design distillate capacity and 
when these two distilling plants are located in 
the same compartment. In all other cases 
simplex pumps must be installed. 
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With either the simplex or duplex pump, 
the length of the stroke determines the pump 
capacity . '!'he :;troke is adjusted but is never 
set at less than 20 percent, as accuracy of the 
injection rate and lubrication of the pump 
pl\mger will be affected. If possible, the pump 
stroke (01· strokes on a duplex pump) should 
be set t.o empt.y the mixing tank, from the top 
to the bottom of the gage glass, in exactly 24 
hours. If this rate of injection should require 
a pump stroke ot less than 20 percent, then 
the stroke should be set to empty the tank in 
less than 24 hours, pr eferably in 12 or 8 hours 
to enable easy establishment of a routine for 
refi lling . However, if the t ime ls 12 hours the 
solution will contain only half the amount ot 
Hagevap r equired for a 24-hour period, and 
the tank must be filled twice a day. If the period 
of time for emptying the mixing tank is 8 hours , 
the solution will contain only 1/3 the required 
daily amount, and the tank must be filled three 
times each day. 

If the pump stroke must be changed, the 
setting can be made from the indicator scale 
mounted on the c rank arm, and ver ified by 
checking the amount of time required to empty 
the mixing tank. The indicator scale is calibrated 
from O to 10. If the pump has a maximum 
capacity of 7 gph, setting the indicator pointer 
on 5 will result in a deliver y of 3 1/Z gph. To 
change the stroke, s top the pump and loosen 
the crankpin locknut. Watch the pointer on the 
indicator scale and tur n the adjusting screw 
the requit·ed amount. Tighten the crankpin lock­
nut and r estar t the pump. Check the time r e­
quired to empty the tank and reset the pump 
str oke if necessary. 

A vacuum drag injection line, used when 
the proportioner pump fails, runs from the 
mixing tank to a point downstream (vacuum 
side) of the feed control valve. A needle valve 
is installed in the line to allow the operator 
to make r elative ly fine adjustments in the 
amount of solution allowed to follow into the 
evaporator. 

For submerged tube and basket type distill­
ing plants, Hagevap should be injected into the 
evaporator feed system at a r ate not to exceed 
1 pound per 10,000 gallons per day distilling 
plant output. This rate of injection is r equired 
during the entire time the plant is in operation. 
A 4000-gpd plant r equires 4/10 of a pound for 
a 24-hour per iod. Two 12,000-gpd plants require 
the same quantity as a 24,000-gpd plant, or 
2 .4 pounds per day. 

The injection t·ate of 1 pound per 10,000 
gallons per day is a maximum figure; the 
most effective figure will probably be closer 
to 3/ 4 pound. The best figure can be arrived 
at by reducing the amount of Hagevap for each 
batch. Each mixture should be tried fot· a 
week and if no scale is found on the evaporator 
tubes the amount of Hagevap can be r educed 
further . If scale forms during this trial, it will 
gradually crack off when the proper inject.ion 
rate is established. The brine overboard den­
sity should always remain at 1.5 thirty-seconds 
as the density will influence the effec tiveness 
of the Hagevap. 

For flash type distilling plants, Hagevap 
feed treatment is not nece s~ary for scale 
prevention in t\\•o-stage units; for units v;ith 
mor e lhan two stages, however, this t r eatment 
has proven beneficial. In a 50,000- gpd flash 
type distilling plant, 6.0 pounds of Hagevap 
should be injected per 24-hour period. 

The effectiveness of the Hagevap treatment 
can be checked by observing the she 11 steam 
temper ature in the evapor ator feed water heater . 
Changes in the shell temperature, with the same 
feed water flow, indicate changes ln the re­
sistance in the heat path be tween the steam and 
the feed water . Increases in the shell tempera­
ture indicate a buildup of either scale or 
Hagevap s ludge; inspection will determine which. 

At least weekly and more often If necessary, 
the solution left in the bottom of the mil'Cing 
tank should be drained to the bilges and the 
tank flushed out with fresh water. Particularly 
in warm climates, the Hagevap solution will be 
affected by bacteria action forming a sludge or 
jellylike substance . This formation is harmless, 
insofar as the evapor ator distillate is concer ned, 
but it will affect the scale control performance 
of Hagevap treatment . 

Scale Removal.- As previously stated in this 
chapter, the evaporator tubes of a submer ged 
tube type unit MUST be cleaned when the firsl­
effect tube-nest . vacuum approaches zero. The 
vertical basket type unit should be cleaned when 
it becomes necessary to use a steam pressure 
of 4 psig, ot· more, in the fir st- effect steam 
chest, to produce r ated capacity. The flash type 
unit will require cleaning when it becomes nec­
essary to use a steam pressur e of 4 psig in the 
evaporator feed water heater. Assmning these 
reductions in capacity are due to scale and not 
the results of improper operation. an approved 
cleaning method should be used to remove the 
scale. Some ot the approvecl scale removal 
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methods are discussed in the par agr aphs which 
follow. (NOTE: Chemical cleaning is tile first 
choice; however, cold shocking will have to be 
used when facilities are not available for chem­
ical cleaning.) 

The first-effect tube nest, in which the tem­
perarure or the tube nest is near that of the 
steam supply, tends to scale up more quickly 
than other parts or the plant. To combat this 
scale, some method ofCHILLSHOCKING(COLD 
SHOCKlNO) the tubes is gene r ally provided. 
This is done by draining the brine from all 
shells, then refloodlng them by means of a hose 
line connected to a flushing pipe or flooding con­
nection on the shell. This r efloodlng chills the 
tube-nest bmidles: Steam is then quickly ad­
mitted Into the tubes, causing differ ential ex­
pansion and contraction to take place, which 
br eaks the scale loose from the tubes. 

If a feed treatment is not used, the distilling 
plant should be chlll shocked daily. If the Navy 
standard feed treatment Is used, chill shocking 
will not be re~!red. 

Chill shocking on a submerged tube type 
evaparator Is performed as follows: 

I . Secure the steam supply to the first­
eflect tube nesl, the tube-nest drain pump and 
its dischar ge valve, the distillate pump, 'md 
the fresh wate r pump. 

2. Open the emer gency circulating water 
overboard valve at the outle t from the air 
ejector condenser and secur e the fir st- effect 
feed valve. 

3. Open wide all Interstage feed valves . 
In plants which have shell drain or pump- out 
lines connected to lhe brine pump suction, 
unlock and open wide the valves in these lines . 

4. Pump out tho brine from all evaporator 
shells. 

5. Connect a hose line to the flushing 
pipe or flooding connection. 

6. Open the hose (water supply) valve to 
spray or flood the evaporator shells until the 
tubes in all evaporator shells are fully sub­
merged. 

7. Secure the hose valve and again pump 
oot all evaporator s hells. 

8. Flood all shells again until the tubes in 
all shells are submerged. This second flooding 
is to lower the tube bundle temperature as 
much as possible. When the tubes are fully 
submerged, secure the hose valve and open 
quickly the steam supply valve to the flrst­
eUect tube nest. The flow of steam will be 
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restricted somewhat by the orifice, if Installed, 
and sliou ld lie increased by loading the weight­
loaded r egu lating valve to produce not more than 
10 pslg pressure above the orlC!ce. Afte r the 
plant has warmed up, the pressure should be cut 
back lo normal. 

9. Start the pumps and regulate the water 
levels as necessary to put the plant In steady 
operation. 

10. If the plant ls one of the earlier Installa­
tions which have chi ti shocking and spraying 
water supply Crom lhe fire and flushing main, 
disconnect the hose line from the tloodtng or 
flushing connection to pr otect I.he evaporator 
s hells Crom possible excess ive pres~ur e . Such 
Installations s hould be changed to utilize the 
dlstllllng condenser cir culating water pump 
discharge a l the earliest opportunity . 

Arter chlll s hocking, and about once a week, 
remove the handhole plates on lhe bollom of 
the eva1JOrator shells and rake out the scale 
which has flaked off the tubes. 

The capacity of a distilling plant ls not ap­
preciably reduced by scale deposits on the 
EVAPORATOR TUBES until lhe deposits have 
caused the fii·st- eflcct vacuum to be reduced to 1 
or 2 Inches of mercury. When scale deposits 
cause the vacuum to approach zero. the tubes 
MUST be c leaned to keep tbe plant operating at 
its maximum efficiency. When the plant ls 
proper ly ope ra ted and the feed wate r ls treated . 
the Inte r val between cleanings shou ld be about 6 
months. The evaporator tube nest must be wllh­
drawn from the sl1ell for t.he c leaning. Lifting 
gear suitab le to the t.ype of insta llation is usually 
provided to facilitate removing the tube nest. 

Some submerged tube type e"apo1·ators or 
distilling plants are provided with an over­
head trolley from which the tube nest may be 
suspended for cleaning. Another type ls provided 
with tracks and roller brackets which bolt to 
the front head or the tube nest. Chain falls can 
be used to handle the tube nest in small 
installations. 

When lhe lube nest is withdrawn beyond 
the b"Upporl pln.te, the tube-nest stop should 
l>e bolted in place to prevent accidental dropping 
of the r ear head. The tubes ar e c leaned with a 
light scaling tool operated by a light all" hammer . 
It should be held against the tube with moderate 
pr essure, and moved over the entil"c length of 
the lube . Every tube in the nest must be cleaned, 
as missing one will impair the output of the 
plant and a lso make c leaning more difficult in 
the future. 
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A torch should never be used for descaling 
a tube nest made up of s traight t.ubes. The ex­
pansion and contraction caused by the heat may 
cause the tubes to loosen at their joints. 

After cleaning the tubes, a hydrostatic test 
of 50 psi should be applied to the bundle before 
replacing it within the she 11. 

When the evapor ator tubes are pulled for 
cleaning, the DISTILLING CONDENSER, AIR 
EJECTOR CONDENSER, and the VAPOR FEED 
HEATERS should be inspected and cleaned, If 
necessary. The distilling condenser on Solos hell 
plants must be removed for inspection and clean­
ing. On other types of plants the distilling con­
denser can be inspected and c leaned by removing 
the heads at both ends. The air ejector con­
densers on all plants can be cleaned by removing 
both heads. The vapor feed heater tubes on 
practically a ll desi gns must be removed for 
cleaning. 

The cleaning of these tube nests is accom­
plished by means of an extended shank drill, 
driven by a rever sible motor at 250 or 300 r pm, 
or by standard tube-cleaning equipment adapted 
for use with 5/8-inch out side diameter con­
denser tubes. 

CHEMICAL CLEANING has pr oven to be 
faster, more economical, more effective, and 
less detrimental to evaporator parts than me­
chanical cleaning. In chemical cleaning, a 
heated, diluted acid solution is circulated through 
the sail water circuits of the system. The two 
acids most commonly used are hydrochloric and 
sulfamic. In using these acids which may be 
harmfu l to personnel, OBSERVE THE SAFETY 
PRECAUTIONS AND FOLLOW THE PROCE­
DURES LISTED in chapter 9580 (58) of &Ships 
Technical Manual. 

Hydrochloric acid comes in liquid for m and 
presents hazards in handling and s tor ing. The 
use of hydrochloric acid ls authorized ONLY 
when properly supervised by qualified naval 
shipyard personnel, never by ship's force 
alone. 

Sulfamic acid comes in powdered for m and 
is safe for storage aboard ship, when stored 
In the original containers. The use of sulfamic 
acid is autho1·izec\ under the super vision o! 
qualified tender or naval shipyar d personnel. 
At the discretion of type commanders, individual 
ships may be authorized to carry sulfamlc acid, 
and cleaning may be perfoi·med by qualified 
personnel in the ship's cr ew. Cleaning can be 
accomplished by passing 50-gallons slugs of 
solution through Ute feed and brine systems. 

This should be done while the plant is in oper a­
tion. A solution containing 50 gallons of sea or 
fresh water and 50 pounds of su lfamic acid 
powder can be injected into the distilling plant 
in two ways; by taking feed pump ~'UCtion through 
a hose-valve assembly directly from a container 
of acid solution, or by using the plant vacuum 
to draw In the solution. Regardless of the method 
of injection used, the solut ion should be injected 
as rapidly as possible. Tbe distilling plant should 
re n1ain in oper ation so the solution will be 
healed as it passes through. The plant may be 
unbalanced by interruptions in flow but will 
settle down quickly when the feed water flow 
is again constant. 

Careless handling of the acid solution can 
result in injur y to per sonnel and equipment. 
The chemicals ar e harmful to the eyes and skin. 
If possible the chemicals should be handled by 
mechanical means rather tban manually; pro­
t.ect ive clothing shou ld be worn at all times dur­
cleaning operations. 

Chapter 9580 (58) of &Ships Technical Man­
ual has a complete list of safety precautions and 
procedures which must be caxefully followed 
when chemically cleaning distilling plant tubes. 

Last-Effect Shell Vacumm 

Most manufacturers' technical manuals indi­
cate that. a vacuum of approximately 26 inches 
of mercury should be obtained in the last-effect 
shell when the temper ature of the sea water Is 
85° F, and that the vacuum should be higher 
when the sea water is colder . Failure to obtain 
a vacuum of 26 inches of me rcury, or more, 
can generally be traced to one of the following 
factors : air leaks, improper ope1·ation of air 
ejectors, insufficient flow of sea water, and in­
effective use of heat tr ansfer sur face in the 
distilling condenser (improper draina.l!'el . 

PROPER OPERATION OF AIR EJECTORS.­
In operation, air ejectors require little attention. 
However, the following · points should be noted. 

1. The steam pressure at the nozzle inlet 
must not lXl less than that for which the 
ejector is designed (and which is stamped on 
the nameplate). There may be a substantial 
pressure drop In the s team line, and It may be 
necessary to carry a higher pressure on the 
gage. Pressures at the air ejector nozzle may 
be to · to 15 psig higher than the minimum 
specified by the manufacturer . 
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2. The primary causes of air ejector t•·ouble 
are low steam pressure, wet steam, an ob­
structed nozzle, or a clogged steam strainer. 
Such trouble is indicated by failure to obtain or 
to maintain the required vacuum. II t he trouble 
is due to low steam pressure or to wet steam, 
It will be necessary to Increase the steam pres­
sure or to provide suitable drainage, either by 
insta lling fl trap 01· by manual means. Ii the 
nozzle or steam strainer is clogged, it rn\tSt be 
removed and cleaned. Most plates ar c pro­
vided with two sets of air ejectors; thispermits 
the use of the plant on one unit while the second 
is available for cleaning or t•epair. However , 
some of the latest plants have on ly one set of 
air e jectors. 

When it becomes necessary to c lea.n air 
ejector nozzles, they can be cleaned with the 
special nozzle reamers furnished each ship for 
this purpose . Sharp-edged tools should never 
be used for cleaning nozzles. The nozzle sur­
faces wlll be damaged and the efficiency of the 
air ejectors will be impaired. 

A procedu.-e for testing air ejectors can be 
found in the manufacturer's technical manual. 
In general, the same maintenance procedures 
should be followed for distilling plant a ir 
eJectors as for air eJectors tor main con­
dense rs. 

The air ejector strainer is usually an inte­
gral part of the air ejector inlet . It should be 
Inspected regularly and c leaned when necessiu·y. 
When a new plant ls fi.-s t put into operation, 
the strainer may r equire c leaning every day or 
even more frequently, but once the lines have 
been thoroughly clea1led, monthly inspections 
should be adequate. Failure to keep the strainer 
c lean wlll cause a r educed or fluctuating vac ­
uum. In the event a strainer Or a nozzle be­
comes damaged, it s llould always be r eplaced 
with a new one. 

INSUFFICIENT CIRCULATINGWATER.-An 
insufficient flow of circulating water is indicated 
if the temperatur e of the water rises more than 
20• Fin passing through the condensing sectlon 
of the distilling condenser. The las t-effect shell 
pressure ls directly dependent upon the distilling 
condenser vacuum. The vacuum Is dependent 
upon the temperature and quantity of the circu­
lating water , and the proper operation of the air 
ejectors. Too low an overboard discbarge te m­
perature of the distilling condenser circulatlng 
waier is accompanied by efficiency losses in the 

dist illing plant . The ove1·board discharge ten1-
perature should be kept as high as posslble, 
without exceeding the desired 20°Ftempcrature 
rise through the distilling condenser. In addi­
tion, limiting the quantity of c ir culating water 
tends to prolong the service life of the tubes 
and tube sheets. When troubles occur which di) 
not result from improper operating procedures, 
an inspection should be made of the condenser 
circu lating water system to determine the cause 
of faulty operation. 

Routine preventive maintenance procedures 
should be carried out to ensure t.hat the circu­
lating water IJ'lmp is maintained in good ma­
terial condition. The maintenance and repair 
procedures for this pump are similar to those 
lor the other pumps of the plant. 

Routine procedures should be car ried out lo 
ensur e tbe proper setting and maintenance of 
the back-pressure regulating valve . If tt\ls 
valve is not llmctioning properly, the valve 
shou ld be disassembled, the valve parts r e­
placed, and repairs to the valve made (as 
found necessar y), before its faulty oper ation 
interferes with the operation of the distilling 
plant. 

To ensure that the condenser c irculating 
water system is c lean ancl free from scale and 
fore ign matter, the piping should be inspected 
at regular intervals. The operators of the dis­
tilling plant should periodically Inspect and 
clean the stt·ainers to prevent accumulations of 
foreign matter from interfering with the proper 
operation of the plant. 

IMPROPER DRAINAGE. - Failure of the dis­
tHling plant to produce designed output when the 
pressure above the orifice is 5 pslg and tt1e first­
effect tube nest vacuum is several inches of 
mercury always Indicates improper drainage of 
the distilling condenser or of one of the evapor­
ator tube nests subsequent to the first effect. 
Complete flooding of the flash chamber gage 
glass is also a positive indication of improper 
dralning o! the condenser, bu! the fact that the 
level appears to be in the gage glass or below, 
i s not necessarily an indication of improper 
drainage because air leaks at the gage glass 
fittings may indicate a raise liquid level. 

A temper ature difference of more than 5° F 
to 10° F between the last-effect shell tempera­
ture and tile temperature of the distillate at the 
distillate cooler inlet is another indication or 
improper drainage; however, the tact that the 
temperature differ ence Is within the proper 
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range does not necessarily indicate proper 
drainage. 

Scale deposits are unlikely to form in the 
distilling condenser tubes if the plant is prop­
erly oper ated and a full flow of circulating 
water is maintained. HO\Vever, if scale deposits 
do occur , the tubes must be cleaned. 

Venting of the vapor side of the distilling 
condenser is continuously accomplished by the 
air ejector. Veniing of the salt water side of 
this and other units of the distilling plant need 
not be continuous. While sta r ting the plant and 
once every watch thereafte r, the vents on all 
salt water heads should be opened until all air 
is expelled and a solid stream of water ap­
pears, then the vents should be closed. 

Testing for Salt. Water Leaks 

If a leak is detected in a heat exchanger , the 
defective tube(s) should be located by means 
of an air test oi.· a hydrostatic test, in accord­
ance with the recommended procedure in the 
n1anufacturer's instructions. Blueprints should 
also be used to study the construction details 
of the indi victual heat exchanger. 

As soon as a leaky tube has been located, 
it should be plugged at both ends. Special com­
posilion plugs, which are provided in the allow­
ance of r epair parts, should be used. 

Since plugging the tubes reduces the amount 
of heating sut·face, the heat exchanger will fail 
to give satisfactory performance arter anumber 
of tubes have been plugged. It will then become 
necessary to r etube the heat exchanger . Under 
normal conditions, this work should be accom­
plished by a naval shipyard or tender. However, 
repair parts and a number of specia l tools are 
included in the Ship's Allowance Llst, so that 
emergency l'epairs can be made to the heat 
exchangers and to other parts or the distilling 
plant, 

To find which of the tubes within a REMOV­
ABLE TUBE BUNDLE Is leaking, it is necessary 
to test the individual bundles hydrostatically. 
If the leak is in a r emovable bundle {vapor 
feed heale1·s when within an evaporator shell, 
evaporator tube nests, distilling condensers on 
Soloshe ll end-pull plants), the bundle must be 
withdrawn and a hydrostatic test at fu ll pressure 
(50 psi) must be applied on the tube side. 

If a leak occurs ina NONREMOVABLETUBE 
BUNDLE (distillate coolers, ait· ejector con­
denser, external vapor feed heaters), the tube 

nest covet·s must be removed, and the full test 
pressure (50 psi) applied on the shell side of 
the unit. 

Ir a non.removable distillate condenser bundle 
is within an evaporator shell, the tube nest covers 
must be removed and a full test pressure of 30 
psi should be applied to the evaporator shell. 

If the distilling condenser is fitted with a 
diaphragm-tube (Gaubert) expansion joint, a test 
ring will be r equired to replace the tube nest 
cover for testing, 

Constant Brine Density 

The concentration of b1·ine in the evapo­
rators, to a certain extent, has a direct bearing 
on the quality of tho distillate, and since vary­
ing <1uantities of brine discharged overboard 
may affect the operating conditions, the quan­
tity of brine dischar ged and the brine density 
must be kept as con.s lant as possible. 

If the brine concentration is too low, there 
will be a loss in capacity and economy. If tile 
brine concentration is too high, there will be 
an increase in the rate of scaling of the evapo­
rator heating surfaces, and the quality of the 
distillate will be impaired. 

The brine density (which snould never ex­
ceed 1. 5/32) is dependent mainly on the quan­
tity of brine pumped overboard and the amount 
of fresh water being produced. The density 
must be checked frequently during each watch 
(usually at intervals of 1 hour) and adjusted to 
the required density. On older distilling plants 
lhe brine density is adjusted by means of a hand­
controllec\ valve located in the discharge line of 
the brine overboard pump. In plants equipped 
with weir control valves and in basket type plants, 
the brine density is controlled by adjusting the 
first-effect feed valve . Increasing the rate of 
feed decreases the brine density, and decreasing 
the t·ate of feed incr eases the brine density. 

f)·cqucnt changes of brine density have a 
tendency to disrupt steady perfot•ma.nce of the 
plant , therefore, only very small changes should 
be made. The proper setting for a specific 
plant should be maintained in accordance with 
manufacturer's instructions. 

Use of the Salinomeler 

The salinometer is an instrument (on the 
principle of a float) for measuring the degree 
of salinity or the concentration of the brine 
{pounds of dissolved salts to 32 gallons of sea 
water) . It is a hollow, metal vessel weighted at 
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the bottom, and having a projecting stem which 
is graduated in four scales to read Uie salinity 
for various temperatures of the brine. The 
graduations are marked in thirty-seconds, as 
shown In figur e 11-13. When the salinity of a 
sample of brine is to be measu r ed, the te mper­
ature oJ the sample should be brought to a tem­
}J('rature corresponding to that of one or the 
scales on the instn.nnentl n order that an accu ­
rate reading may be obtained, The accu­
racy of the sal!nometer should be checked oc­
casionally by placing it in clistilled water; If it 
is accurate, it should sink to the zero mark on 
the scale corresponding to the te mperat\1re of 
the water. 

A JX>t Is provided for holding the sample of 
brine . The p0t must be amply deep so that 
tbere Is no danger of breaking the bottom of the 
salinometer when it is placed In the pot. To 
use the salinomete1· proceed as follows: 

1. Draw off a sample of brine, from the 
test coc ks on the discharge s ide of the brine 
pump, then insert the thermometer into the 
sample . 

2. Allow the sample to cool to the tempei·a­
ture of one of the scale temperatures. 

3. Put t.he salinometer in the pot and read 
the cterrree of salinity. 

4. ne move the sallnometer and wipe off a ll 
moisture since accum11lations of sail or dirt 
will r esu lt in false readings. 

CARE AND MAINTENANCE OF 
DISTILLING PLANTS (GENERAL) 

The car e of strainers, miscellaneous c lean­
ing of parts, inspection of zincs, and trouble­
shoollng are factors which should nol IJe over­
looked in maintaining all types of distilling 
plants. These factors are discussed In the 
paragraphs which follow. 

Care of Strainers 

Quick-opening, flanged, baske t type strainers 
are installed In the suction lines or tile brine 
and clr culat.iug pumps, to prevent foreign mat­
ter from entering the pumps and piping systems 
of the distilling plant. The brine pump suction 
strainer should be inspected and cleaned when 
tile plant Is secur ed, and after any r epairs that 
might cause scale Lo fall into the br ine suction 
line . 

'rhe c logging of this strainer interferes with 
the operation of the pump, and, in a submerged 

• 
' .. 

47.!36X 
Figure ll-13.-Sajinomcter and sampling pot . 

tube distilling plant, makes it impossible to 
maintain the brine density at 1.5 thirty- soconds. 
A clogged strainer in a flash type plant will cause 
the last flash stage to !loocl. 

The circulating pump suciion strainer sliould 
be inspected about once a week when at sea, and 
more frequently when In port. Even partial 
c logginl'; of lhis strainer will 1·esult In a r educ­
tion in the flow or circulating water . which in 
turn causes a reduced vacuum. Scale will then 
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form more rapidly on the evaporator tubes and 
inside the vapor feed heater and air ejector 
condenser tubes. 

Miscellaneous Cleaning 

When the dlstilling plant is dismantled for 
c leaning evapo1·ator tubes, a number of other 
parts should be inspected, and cleaned if neces­
sary. The feed water distributing pipes, flush­
ing pipes, and separate drain llnes should be 
removed and auy scale deposits c leaned out. 
The books and h·oughs on the baffles should be 
cleaned to ensure proper drainage . The upper 
and lower gage glass equalizer lines, gage glass 
fittings, gage and sight glasses, feed lines be ­
tween effects, brine lines, and b1·ine pump im­
peller should all be inspected, and c leaned if 
necessary. 

Inspection of Zincs 

Zinc rods 01· plates are usu:illy provided in 
all the salt water units of a plant (except the 
evaporator shell) to reduce the effects of gal ­
vanic action on structural parts. The zinc should 
be inspected and cleaned about once a month. 
When a zinc Is mo1·e than half corrode cl, a new 
one should be Installed. 

A new type of high- purity zinc, known as 
ANODE ZrNC, ls being installed on naval ships. 
Zinc protectors made of this material have the 
ability to slough off corrosion products as 
rapidly as they are formed. This character­
istic allows the zinc to give continuous protec­
tion againsc galvanic action, since the zinc does 
not become encrusted with corrosion products. 

Troubleshooting 

When distilling plant troubles occur, the 
first step to take is to check the readings of 
the various thermometers and gages . These 
reaclings shOuld be checked against the pre ­
vious hourly l' eading enter ed in the operating 
r ecord. As a rule, an erratic or abnormal 
reacting will indicate trouble in one of lhe seven 
dlfferent circulating systems, or in a compo­
nent part of the distilling plant. Using the 
manufacturer's technical manual and drawings 
as guides, note a ll possible troubles that may 
occur in the isolated system, or parl, and those 

that will produce the same ab1tormal i·eadings. 
Each item on this list of probable troubles 
sliould then be checked by means of a detailed 
inspection. The items that involve U1e least 
amount or work, or dismMtling, should be in­
spected first. J'his procedure or inspections 
and tests ol individual units of a system, or the 
major parts of a distilling plant, should be 
continued until the cause of the trouble has 
been locatect. 

There may be limes when all component 
parts ol a system under Investigation wiJI be 
in good condition. This may be confusing to 
inexperienced personnel. However, the trouble 
shooter should start ag:iln :111d recheck the 
probable causes of the trouble. With the addi­
tional knowledge gained from the inspections 
and tests that were made, the fr(-<lble shooter 
can reconsider the symptoms of the trouble. 
It \s possible that troubles existing e lsewhere 
in the system may cause similar results. 

One or the most common troubles with dis­
tilling plants is a low output. In many cases, 
this type of trouble is the most difficult to 
locate because it depends upon various factors . 
In any attempt to loeate the causes for low 
,,utput, both the operational procedures and the 
material conditions must be carefully investi­
gated. Low output may r esult either from an 
accumulation of tr oubles or from unsatisfactory 
conditions. In checking on the numerous pos­
sibilities wllich may cause a low output of the 
distilling plant, a systematic procedure shoo Id 
be fo llowed. The Investigation should not be 
stopped when one unsatisfactory condition is 
found, but continued unli 1 all possible troubles 
have been care1\1lly checked. Continuous trouble 
with a low distilling plant output can usually be 
traced to inexperienced operating personnel and 
to inadequate preventive maintenance proce­
dures . 

FLASH TYPE DISTILLING PLANTS 

Flash type distilling plants have become th~ 
standanl for a ll the large r surface ship installa­
tions. These plants use low pressure steam and 
operate on the principle 9f evapotation followed 
by condensation. The flash type unit may have 
two or mo1·e stages. For example, CVA-62 ls 
equipped with five-stage units, each having a 
capacity or 50,000 gallons per day . Two- stage 
units of 12,000 gallons per day are iJeing in­
stalled 011 new destroyer lype ships. 
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PRINCIPLES OF OPERATION 

Each stage or a rtash unit has a flash cham­
ber, a food box, a vapor separator, and a dis­
tilling condenser . There is also a r ... o or three 
stage air ejector, distillate cooler, and a Ceed 
water heater . Feed water passes through the 
tubes of the cllstlllate coole1·, the dlstUJlng 
(stage) conclensers, and the air 0Jecto1· con­
denser. In each or these heat exchangers the 
feed water picks up heat and the final heating Is 
done by low pressure steam admitted lo the shell 
of tho reed water beater . From this healer the 
feed water enters the first stage reed box and 
comes out through orifices into the flash cham­
ber. As the heated feed water enters the 
chamber, a portion flashes or vaporizes because 
the pressure In the chamber ls lower than the 
saturation pressure corresponding to the tem­
perature ot the hot reed. This vnPor condenses 
on the tubes or the first - stage distilling con­
denser. The feed which does not vaporize In the 
first chamber passes to the second chamber. 
The process Is repeated in each stage and the 
brine remaining In the last stage Is removed by 
the brine overboard pump. Vapor formed In each 
stage p3SSes through a vapor separator andlnto 
the stage condenser where It Is condensed to 
distillate. The distillate passes through a loop 
seal on Its way to the condenser or tho next 
stage. The distillate pump removes the dlsllllate 
from the last stage. 

PRINCIPAL PARTS 

The unit discussed in this section is a !ive­
stage plant In which feed water Is flaslH?d to 
v:tpor in five evaporator stages at ~-uccesslvely 
lower pressures. The flash unit, shown In figure 
11-14. consists or five evaporator-condenser 
stages In a single enclosure. Within each stage 
sea water is evaporated and condensed in a 
\laC\l\1D1. 

Connections, or passages, that exist between 
evapornlor stages are the feed water ancl dis­
tillate loop seals, which permit the flow or feed 
water and dlsllllate from stage to stage while 
preserving I.he varying degrees of v:tcuum in 
each stage. 

The condensers are mounted Oil top of each 
st.age between the front and r ear water boxes. 
f'ced water flows through the tubes In six 
passes, entering al the lowesl lubes at the 
front of tho condenser, r eve1·sing dlrecllon a t 
the wntcr boxes three times and leaving al the 
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top of the tubes In the condenser. Each con­
denser has a pet cock for venting enlralned air 
or noncondcnimble gases. 

The evaporator stages becon1e larger in 
the direcllon of re~ced pressure. The teed 
water loop seals which extend from the bottom 
of evaporator stage one through four nro visi­
ble as cylinders. An evaporator clrnln is lo­
cated in the cente r of the dished bottom of each 
10011 seal. The flanged brine outlet rrom the 
evaporator is at the bottom or the filth stage. 

The distillate loop seal between the dis­
tillate collection trough ot one staite and the 
condensers or the following stages also pro­
trude below the bottom or the evaporator . 

It the salinity or the distillate reaches .065 
EPM per ga llon a warning device inclicatcs the 
high salinity. The salinity cell shutoff valves 
permit withdrawa l and descaling or the sa linity 
cells wllhoul securing the unit . 

Although caclt stage condenser 111·oduccs an 
equal amount or distillate, the amount flowing 
from each stnrre Is larger than the pt·oceding, 
as the dislillale accumulates in its !low toward 
the distillate cooler. Consequenlly, the loop 
seal piping grows progreSSl\'el>• larger, 

The total distillate production or lhe !i"e 
stages Is withdrawn from the bottom of stage 
five and pumped Into the shell or lhc distillate 
cooler, and on to the storage tanks. 

THE DISTILLATE COOLER Is a heat ex­
changer or the shell and tube type, In which the 
heat of the hot distillate flowing around the lubes 
is transferr ed by conductio11 to tho cooler feed 
water flowing through the lubes. 

Dlsllllate nows Into the shell space sur­
rounding the tubes through an inlet near the 
reed water outlet. The distillate is retained In the 
cooler long enough toerficiently transfer Its heat 
through the lubes by vertically placed IJatrles. as 
it !lows rrom top to bottom or the cooler . 

Thermometers are mounted on the Inlet and 
outlet piping or Lile cooler . Anothe1· tho1·mom­
eler ls mountod on the feed wnter in lot piping. 

As the distillate leaves the coole r it is 
pumped to storage tanks, providing the salinity 
does no! exceed .065 epm per gallon. (It the 
salinity exceeds .065 epm per gallon, a sole­
noid trip valve operated by" s.11lnlty Indicating 
cell, dumps the dlstlJ!:lte to the bilges or waste 
tank until the salinity is again back lo or be­
low .065 epm per gallon.) 

Per cocks :tre located on each one! or the 
cooler so as to bleed off any accumulation or 
air 01· noncondensaule gases. 
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Flg\lre 11-14.-Flow diagram for a five- stage flash type distilling u11it. 
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Figure 11-14.- Flow diagram for a five-stage flash type disti lling unit-continued. 

THE F'EEDWATEft PREHEATER is a gasor 
liquid heat exchanger of the she 11 and tube type, 
similar in design co the distillate cooler. The 
preheater is located in the feed water line be­
tween the condenser of the first evapor ator stage 
and the salt water heater (!ig. 11 - 14). 

High pres,,'Ure ship's steam, first used by 
tbe air ejectors to evacuate tile stage evapor a-

tors, i'> piped into the preheat e1· shell. A series 
of five baffles, spaced close together in the top 
steam outlet reduces the velocity or the steam 
which condenses on the outside of tile heat 
transfer tubes. 

Feed water that has a lready been partia lly 
heated in the tubes or the distillate cooler and 
the iive-slagc condensers flows ttu·oogh the 
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tubes of the pr eheater via the front water box 
in a single pass, acquiring the heal of con­
densation of the air ejector steam before 
leaving the preheater at the rear water box 
outlet. 

A salinity cell, set to energize at 0 .10 epm 
operates a shutoff valve In tt1e piping below the 
condensate outlet to dump high sall.nity water 
lo bilge or drain tank. A 6- inch loop seal in 
the condensate line is necessary to ensure U1at 
the salinity cell is submerged at all times . 

A the1·mometer ls located on the front of 
the preheater, a pet cock for venting ls a lso 
located on the water box. 

THE SALT WATER HEATER is a gas or 
liquid heat exchanger designed to raise th.e feed 
water temperature prior to its entrance into the 
flash chamber of the first evaporator stage. Tbe 
salt water heater is mounted on the operating 
end or the evaporator and extends the CUll widih 
of the unit. Feed water enter s and leaves th.e 
heater from the front water box afte r making four 
passes through the heater. 

Four thermometers are installed on the 
beater. two to measure the feed water Inlet and 
outlet temperatur e; a third, mounted on tbe 
heater shell to measure the steam tempe rature 
surroun<tlng the tubes; a fourth is mounted on 
top of the heater shell to measu1·e the temper ­
atur e Of the desuper healing temper atur e in the 
steam side. 

Low pressure steam In the heater passes 
through :m oriiice which provides, within limits , 
a uniform flow of steam. It then flows past the 
desuperheate r nozzle, which r educes steam 
temperature in the shell of the heater . Steam 
pressure is indicated by a pr essure gage on 
the operating pane 1. 

The entering steam ls dir ected along the 
length of the tubes by impingement baf!les, 
which prevent er osion of the tubes. Steam 
condenses on the tubes and falls to a conden­
sate well at the bottom of the heater shell. (A 
drain regulator of the float -type conh'ols the 
level of the condensate in the well. A salinity 
cell, set to energize at 0 .10 epm controls a 
shutoff valve located in the ship's piping be­
tween the drain pump and r egu latini; valve.) 
The desuperheater atomizes the heater con­
densate in the low press11re s team Side of the 
heater. 

Since the function of the s alt water heater 
ls to provide feedwater to tile inlet or lite firs t 
evapQrator stage rlash chamber and the amount 
of heat r1·om the steam is constant, tbe fee d 

water !low through the heater must be ad­
justed according to the inlet tempet·ature so 
the feed water temperature may be constant. 
The feed water flow is contr olled by a valve 
on the outlet s ide of the heater . 

The air ejec tor PRECOOLER i s a gas or 
liquid heat exchange1· which cools nonconden­
sables and condenses steam drawn from the first 
three evaporator stages and the salt water beater 
by a two- stage vacuum- producing air ejector. 

The precoole1· receives it.; coolant rrom the 
feed water pumped Into the distilling unit. The 
flow Is through heat tr ansfer tubes, making slx 
passes, enter ing and leaving at the front end 
of che cooler. 

Steam and noncondensables are drawn into 
the cooler at the f()J> near Hie rear of the cooler. 
Impingement baffles at tbe in let and seven 
vertical baffles through which the transfer 
tubes run direct the !low of hot gases ar ound 
the lubes for effic ient heat transfer . 

Condensate collects on t he tu bes and drops 
to the bottom of the she II. A salinity ce II op­
er ates a shutoff valve in the precooler conden­
sate line to rump to bilge 01· dl·ain tank when the 
salinity is greater than 0 .65 epm. 

The outlet for noncondensables is mounted 
on the top of the shell and flanged to the suc­
tion chamber of the fir st ejec tor of the two­
stage air ejector system. The two alt· ejector s 
produce a vacuum In the pr ecooler which re­
sults ln the !low steam and noncondensables 
from the evapor ator . 

A tl1ermometer is mounted on the reed water 
inlet of the cooler. 

Cooling water trom the air ejector pr ecoole1· 
flows Into the AFTER-CONDENSEl1, the fifth of 
t.hc heal exchangers mounted on the evaporator . 
The after- condenser completes the condensation 
or any air ejector steam not condensed in the 
precooler and coo ls nonc<mdensable ~as es before 
venting them to the atmosphere . Jt enables the 
unit to operate without emission of s team from 
the evapo1·ator. 

Cooling waler enters and leaves the after ­
condenser through an Inlet pipe in 1he front, and 
an outlet pipe ht the rear of the condenser. 

Air ejector steam and noncondensable gases 
enter the she ll side through an Inlet in the 
front of the unit. Noncondensable gases are 
vented through a valve on the rea1· of the unit. 
, sel"ies of vertical baffles direct the steam 

around the tubes on wblcb it condenses. Con­
densate is removed through bouom outlets on 
both ends of the condenser. 
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A salinity ce ll set to operate at 0.10 EPM 
controls a shutoff valve below the condenser . 

Three high pressure steam-operated 
vacuum-producing AIR EJECTORS are mounted 
on the precooler side of the evaporator unit. 
The ejector system consists of a single-stage 
(booster) air ejector and a two-stage air ejector 
arrangement In which the steam outlet from one 
air ejector Is flanged to the suction side of the 
other. 

The s ing le-stage ejector uses ship's steam 
lo draw vapor and noncondensables from evap­
orator stages Coor and five. Oases are drawn 
from the evaporator throogh a vapor diet in 
each dlstlllate collection trough so that a min­
imum or steam is withdrawn. Pipes from 
stages 4 and 5 lead to a bronze tee flanged to 
the ejector. 

The single-s t.age ejector steam and en­
trained gases leave the ejector outlet tubing, 
!low through a check valve, and reenter the 
evaporator shell thr ough the top or stage three, 
from which they are piped into the bottom of 
the stage three condenser section. 

The purpose or this arrangement is to enable 
the single-stage ejector to prodUce the high 
degree or vacuum requir ed in stages !oor and 
five. An ejector discharging Into a vacuum is 
able to achieve a higher degree or vacuum than 
one discharging to atmosphere. A vacuun1 of 
28 Inches of mer cury is r equired In stage five. 

Tho two-stage ejector draws nonconden­
sables rrom the salt water heater and the first 
three evaporator stages. Since the noncon­
densibles from st ages four and fl ve are directed 
back Into stage three, the two- stage ejector , 
therefore, actually handles all noncondensables 
v.1tbln the unit. 

The suction chamber or U1e second ejector 
is flanged to the noncondensabies outlet of the 
precooler through which the gases pass before 
cntralnmont In the air ejector steam. The 
lwo-stal;'C ejectors use ship's steam lllld pro­
duce a vacuum In the precooler slightly g reater 
than In tho first evaporator stage . 

Ol"II!ce plates of varying size are flanged 
into the piping from the evaporator stages and 
salt-water heater leading to the air ejectors. 
These plates prevent the air eJcctol's from 
withdrawing an undue amount or steam from 
the evaporator along with the noncondensables. 

The discharge of the second ejector is 
!langed lo the suction chamber of the thil'd 
ejector . The discharge of the third ejector is 
flanged to piping, containing a check valve, 

which runs diagonally across lhe lop of the 
evaporator shell to the air ejector steam inlet 
or the preheater shell near the front water box. 

The pressure or ship's steam piped to the 
ejectors Is indicated on the Independently 
mounted pressur e-gage panel. Line pressur e 
to the air ejec tors must be maintained at or 
above 135 pslg, as a lower pressure will cause 
unstable operation of the ejector and will 
affect the vacuum In the evaporator. 

A DUPLEX STRAINER, located In the ship's 
feed water Inlet piping, removes solid matter 
from sea water by filtering through one or two 
perforated and screened bronze baskets. Basket 
wells are located In the body or housing or the 
s trainer on either side or the centrally located 
Clanged inlet and outlet. 

A lever handle between the well s directs 
the !eedwater Into the left-or right-hand well . 
When one basket becomes clogged. !low is 
switched to the other and the clogged basket 
shoulcl be r emoved and cleaned. 

An Inlet and outlet angle-type RELIEF 
VALVE is flanged into the feed water Inlet be­
tween the reed water pump and the air ejector 
precooler. The valve is set to open at 75 psig 
to prevent pressure bulldUp from an obstruc­
tion In the feed water lines or accidental 
operation of lhe feed water pump with the reed 
water control valve closed. 

Two FLOWRATORS are mounted on the unit 
to measure the amount of feed water and cooling 
water pumped into the system. Since the amount 
of !Iuld to be measured in both cooling and feed 
water lines Is large, lhe !lowrators are mounted 
in bypass piping arrangements. measuring a 
small portion or the actual main stream Clow 
but providing a reading on lhe graduated scale 
ol the cylinder for lhe entire Clow. Main 
stream and range orifices are provided for each 
flO\\rrator . 

Tho !lowrators serve as manometers . The 
pressure drop across the manomete1· i s equal 
to the pressure drop cr eated by the constriction 
of the main stream orifice . Tim range orifice 
at the inlet or the flowrator constricts the by­
pass Clow so that a maximum main stream Clow 
will register a ma.'<imum reacting on the flow­
rator scale . 

MAINTENANCE 

Many maintenance procedures Loi· a flash 
type distilling plant are similar to the mainte ­
nance procedures required for a submer~ed 
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tube plant. Both types of plants are subject to 
air leakage, salt water leakage, and malfunc­
tioning of pumps and other auxiliary equipment. 
Some of the more important maintenance prob­
lems will be discussed in the following para­
graphs. 

Air Leakage 

Since all parts of the distilling plant are de ­
signed to operate under a vacuum except the 
circulating, feed, and fresh \Vater lines, extreme 
care must be taken to prevent leakage of air 
which might seriously interfere wit.h the proper 
operation of the plant. 

The brine overboard and distillate pumps 
take their suction from points of relatively high 
vacuum. Air leakage in the piping to these 
pumps is particularly objectionable and must be 
e liminated. A small amount of air entering 
these lines, even though it is insufficient to af­
fect the distilling plant vacuum, may cause the 
pump to lose suction. Leaks in the lines to the 
pump suction gages must not be over looked. 

An 8 to 10 psig, low pressure hydrostatic 
test should be applied to the entire system at 
least once a month, and at any other time when 
there is an indication that air leakage may 
exist. The salt water circulating pump can be 
used to apply the pressure. 

P\tmps 

Proper operation of all pumps is essential 
for the successful operation of the distilling 
plant . The effect of air leakage into the suc­
tion line of the pumps has been discussed in 
the p1:eceding paragraph. Pr oper operation of 
the water sealed gland lines and proper main­
tenance of the glands themselves are necessary 

for dependable operation or' the pumps. Genernl 
information on operation and maintenance of 
pumps may be found in chapter 9 of this 
publication; however, for details of any specific 
pump, consult the manufacturer's technical 
manual. 

Salt Water Leakage 

Salt water to distillate or salt water to con­
densate leaks at any of the various tube bundles 
will be immediate ly indicated by an a larm bell 
and a red light which shows at which cell a con­
ductivity incr ease has occur red. The cells are 
localed downstream from each tube bundle. 
Tube leaks usually 1·esult from damaged or 
corroded tubes or from impr oper expansion of 
tubes into tube sheets. 

Faulty tubes may be sealed with plastic tube 
plugs or may be removed and r eplaced in ac ­
cordance with s tandard Navy procedur es, as 
given in chapter 9460 ( 46) of Bu Ships Tecluilcal 
Manual. 

Cleaning Heat Exchangei·s 

The lubes of Ute distillate cooler, air ejector 
condenser, and the stage condensers operate 
with comparatively cool salt water inside them 
and will seldom require cleaning. The sea 
water in the salt water heater is at a higher 
temperature and these tubes will occasionally 
r equire cleaning to remove the hard scale on 
the inside of the tubes . A special tool is fur­
nished for this pur pose; this c leaning tool is 
shown in figure 11-15. 

The procedure for cleaning salt water heat­
ers is as follows: Remove the waterheads. In­
sert tile special cleaning tool in the tube and 
drive it with a 250 to 300 rpm motor. The 

1-------LENGTH TO SVlT TV9E$--------

'fa.• ORILL 

ORILL SHANK GROUND 
OOWN TO 3/e" SO AS lO 
OPEN Fl.UTE AT BACK 

(HIGH SP£EO MATERIAL) 

Figure 11-15.- Tool for re moving scale inside tubes. 
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motor should be of the r eversible type. Feed a 
light stream of water into the opposite end of 
the tube to wnsh the scale from the cutting tool 
and out or lhe tube . A light stream of com­
pressed air may be subst.it\tted in place o! the 
water. Cai-e should be taken not to drive the 
tool loo fast and to be certain that the tool is 
straight wh,;n Inserted into tile tube . 

An 8 to 10 psig hydrostatic test should be 
performecl on the shell of the salt water heater 
befor e r eplacing the heads. If a gTeate1• test 
pressure Is used, the relief valve will have to 
be plugged or removed. 

Cleaning Feed Boxes 

If feed flow is below normal and the distiller 
feed pump discharge is normal, the first-stage 
flash orifices may be plugged. Fouling of the 
second-stage orifices may be evidenced by 
water hacking up into the fir s t stage; however, 
the second-stage or ifices are larger and will 
not be as i·eadlly plugged. Water backing into 
the first stage may also be caused by insuf­
ficient pressure differ enc.e between the stages, 

Since the temperatures that exist In the feed 
boxes are well below the range In which salt 
water sca le forms, the only plugging or fouling 
expected at t ho or ifices would come trom the 
introduction of foreign matter into the system. 
Should tile orifices in either stage become 
plugged, it will be necessary to rer!love the 
access plate at the front of the unit. remove 
the perforated plates from the feed box and re­
move tbe obstructing material from the ori­
fices. The reed boxes are consh·ucted so that 
the front can be 1·eadily removed for access to 
the orifices. 

VERTICAL BASKET DISTILLING PLANTS 

Vertical basket distilling plants a.re used 
on surface ships and nuclear submarines. The 
low pressure vertical basket type distilling 
plant (fig. 11-16) consists of single- or multi­
effect evaporators with a condenser, vapor 
feed heaters, air ejectors and after condensers, 
and a distillate cooler . The notable difference 
between this type of distilling plant and the 
submer ged-tube type is in the evaporators. The 
evaporator typically consists of a vertical 
shell enclosing a deeply corrugated vertical 
basket. (See fig. 11-17.) In very large Wllts 
more than one basket may be installed per shell. 
Low pressure steam is admitted to the inside 

of the first-effect basket andieecl water is boiled 
in the space between the ootside of the basket 
and the shell . The v-apor formed ri·om the boiling 
feed water passes throughcentrllugal-typevapor 
separat01·s and the vapor feed heater into the 
inside o! the second- effect basket. This boils 
t he brine from the first-effect in addition to a 
certain 11mount of feed water in the space be­
tween the shell and the basket. The vapor thus 
formed passes thr ough scpru·ators to the sub­
sequent effects, or in the case or a two-effect 
plant, into the distiller condenser . 

FLOW CIRCUITS 

The flow circuits of a vertical basket dis­
tilling unit are illustrated schematically in 
figures tl-18, 11- 19, and 11-20. Refer to 
these figures as you s tudy the following descrip­
tions of the flow c ircuits of the Ullit. 

Steam Flow Circu it 

Heating steam from tbe ship's auxiliary 
exhaust main is fed through a pressure-control 
valve to the steam chest of the first effect. 
Tile pressure-control valve Is set to maintain 
a constant s team supply pressure; it should 
be s et for 5 psig steam on the upstream s ide 
of the ol"ifice plate for rated output, and lower 
for reduced output. The heating steam is con­
densed within the cor rugated basket; the con­
densate is returned to the shiP's condensate 
system or reserve feed tanks by the first-effect 
drain pumJ>. (See fig. 11-18.) 

A steady water level is maintained in the 
suction ltne of the first-effect ctraln pump by 
the drain controller; this enb11res a positive 
submergence head for the pump. If the first­
e ffect drain pump fails, the evaporator can be 
kept' in operation by bypassing the drain con­
tr oller and manually controlling the condensate 
discharge to the low pressure drain mains; at 
least I psig pressure in the steam chest is 
r equired, under these conditions, to drain the 
condensate. 

Feed Flow Cb·cuit 

Sea-water feed is taken from a sea chest, 
through a stl'alner , by the sea-water circulating 
water pump, and is dischru·ged through tile dis­
tillate cooler . (The incoming reed serves to 
cool U1e distillate from the condenser to within 
a few deg1·ees of the temperature of the feed.) 
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Figure 11-17 .-Section view or evaporator 

(vertical basket type). 

The sea water then passes through the conden­
ser; the major por tion (about 75%) goes through 
the educator, combines with the bl"ine (from the 
second effect) , and is discharged overboa1·d. (See 
fig. 11-20.) 

The reed remaining in the condenser is 
directed through the after condenser and the 
vapor feed-water beater lo the rtrst effect, 
where it surrounds the basket. Violent boiling 
takes place and vapor forms within the first 
etrect. The remaining brine serves as feed for 
the second effect. (Ear Iler moc\els were equipped 
with n branch from the feed line, which lead 
from the heating sec tion of the c\1ndenser to a 
connection on the bottom of the seconct effec t; 
as a r esult, the second effect was supplled with 
brine from the first effect, and heated sea water 
from the heating section of the condenser as 
feed.) Jn current models, all reed enters the 
first effect. 

The brine from the second etrect ls remo\'ed 
by the brine O\'erboard-discharge pump; ii is 
discharged ove rboard, through the ecl\1ctor and 
conlrol valve, after it has been combined (in 
the cductor) with the sea-water overboar d 
dischn1·ge from the condenser. (See figs. 11- 18 
and 11-1 9.) 

Vapor Clrcull 

The vapor which forms as a resu It of the 
boillng of the feed in the first effect passes 
through the uptake pipe and enters the cyclonic 
separator above the evaporatloc1 section. Most 
liquid particles which carry over with the vapor 
are removed by centrifugal force wllhln the 
flrst-efrecl ~oparator . The Ci r st-offect vapor 

passes from the steam dome, through the vapor 
feedwater heater, to the steam chest and the 
evaporator basket of the second effect. Some 
of the vapor, In passing from the nr st effect 
to the second effect, condenses as It heats the 
feed water passing through the vapor Ceedwater 
heater . The major p0r iion of the tlrst-ef!ect 
vapor , however, enters the second-effect steam 
chest and condenses as it heats the brine in the 
second e ffect. (See figs. 11-18 and 11-19.) 

The vapor r esulting from the bolling of the 
brine In the second effect passes through the 
second-effect uptake into the second-effect sep­
arator, where centrifugal force ls utilized to 
remove water particles from the seeond-ef!ect 
vapor. (Uquld particles from both stages drain 
downward and become part of the brine drains.) 
This two-stage separation results In distillate 
\\1th less 11\an 0.065 epm chloride, under nor­
mal operating conditions . Fr om the second­
stnge sepni·ator, the vapor pMses, tlll'ough the 
s team dome, to the condenser, where the vapor 
is condensed as It ls cooled by lhe Incoming 
feed. (See figs. 11- 19 and 11-20.) 

Distillate Circuit 

The condensate formed in the second-effect 
steam chest passes, through a loop seal, to the 
flash tank of the condenser , under the pressure 
diffe r ential extsling between the second-eCfecl 
s team chest and the Clash tank. The loop seal 
permits only condensate to pass. 

The vapor from t.he second-effect steam 
dome condenses in the condenser and collects 
in the flash lank at the bottom of the condenser . 
The distillate (combined condensate drains from 
the conden~r and the second-effect stean1 chest) 
is removed !rom the !lash tank by the distillate 
pump and ls dlscharged through the distillate 
cooler anct lhe solenoid- operated dump valve, to 
the ship's service tanks. (Sec fig . 11-19 and 
l 1- 20 .) 

fi1 some vorllcal- basket units, the dischar ge 
rate of the dlsllllate pump is controlled auto­
matically by a drain controller . The drain 
controller maintains a p0sitlve water level in 
the !lash tank so that the JXJmp wlll not be­
come vapor-bound. Later models of verUcal­
baskct units have been equipped with a re­
circulating line (fig . ll - 20) to the flash tank, 
instead or a drain controller . A throttle valve Is 
included in che recirculating line. The recir cu­
lating line Sllpplios r e lative ly cold fresh water 

365 



ENGINEERING, OPERATION AND MAINTENANCE 

CYCLONIC 
SEPARATOR 

EQUALI ZER 

SKIRT 

CORRUGATED 
BASKET TYPE 

HEATING SECTION 

STEAM CHES T 

CONDENSATE RETURN TO 

CONDENSATE SYSTEM OR 
RESERVE FEED TANKS 

!.~· .• •'•\.'Ki 

"''*'--·-· -l<Z?ZZl 

STEAM 

lST EFFECT VAPOR 

SEA WATER 

1.ST EFFECT CONDENSATE 

VAPOR FEED WATER 

·~ 

~:· 

' ' 
~ 
~ 
~ 

~ 

TO ZND EFFECT 

L FROM CONDENSER 

~---... - TO ZNO EFFECT 

47.128 
Figure 11- 18.-Flow circu its of a ver tical basket unit-first-effect section. 

to the flash tank. The cooling wate1· reduces 
the te mperature of the distillate below the flash 
point; thus vapor lock within the distillate pump 
ls prevented. The r ecirculating line also en­
sures, through control of the throttle valve, a 
positive suction head on the distillate pump. 

Under norn1a.l operating conditions, the ver ­
tical basket distilling unit produces d istillate 
\\1th less than 0.065 epm chloride (0.25 grains 
salt per gallon). If the unit is to produce 
relatively pure distillate , it is essentialthat salt 
water be prevented from entering the vapor and 
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Figure 11-19.-Flow circuits or a vertical basket unit-second- effect section. 

condensate systems. 1'o prevent saltwater 
co11tamination of the Ship's freshwater 
supply, a salinity cell is provided ln each 
o( the unit's fresh-water lines. If a 
salt -water leak should develop in the 
distillate circuit, the salinity indicator 
actuates the solenoid dump valve, which 
diverts the contaminated water to the 
bilge until the unit can be secured and 
the leakage stopped. 

Noncondcnsable Gases 
Air ancl other noncondens:tble 1•apors in 

the condenser ar e rcn1oved and vacuun1 is 
maintained throughout the evaporator units 
by :tn alr ejector. 'l11e ejector ls of 
the single-nozzle, single-stage, steam-Jet 
type. The ejector , mounted on the side 
or the condenser, takes its s uction from 
a specially baffled section within the condenser. 
Vent lines and interconnecting vapor-piping 
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connect components In which vacuum must 
be maintained. 

The air ejector r emoves the air and 
other noncondensable vapors from the dis ­
tiller condenser by utilizing the energy in 
steam at 150 psi. The gases entering the 
suction of the ejector are entrained by t he 

steam jet from the nozzle and ar e carried 
through the diffuser, where the pressure 
is t•aised to that of the atmosphere . The 
ejector discharges into a surface after­
condenser, where the steam ls condensed 
and the noncondensable gases are vented 
to the atmosphere. 
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OPERATION AND MAINTENANCE 

The information provided in this section, 
dealing with opel'atlng troubles and maintenance 
of vertical baske t distilling plants, supplements 
that given in the previo<1s section. Addit!Ortal 
lntormation can be obta.ined Crom the manufac­
turer's technical manual for the specific unit. 

Inability to Make :Pur·e Water 

There are a number of troub les which occur 
and prevent a vertical basket distilling unit 
from producing pure water, The causes and 
recommended 1·emedies for some of these 
ll'oubles ai·e listed in table 11-L 

Low Water Output 

Troubles which may lead to low wate1· out ­
put in a vertical basket distilling unit and the 
causes and remedies for these troubles are 
listed in table 11-2. 

Low Vacuum When Cold Shocking 

It may not be possible lo obtain 28 inch Hg 
vacuum when the distilling unit is being cold 
shocked. When this condition exists, it may 
be caused by air In the basket, open or leaking 
valves, or leaking gaskets, 

Operating at Reduced Rates 

When it becomes necessary to operate the 
unit at lowered rates, the steam supply p1·es­
su1·e should be r educed by setting the steam 
reducing valve. It may be necessary to run 
the firsr-effcct steam chest under a vacuum. 
Therefore, in order to keep the steam chest 
properly vented, it will be necessary to t\ave 
UJe \•en! from the steam chest continuously 
opened to the shell of the first effect. At the 
same time the atmospheric vent valve should 
be closed. 

P.1mp Failure 

Should the sea water circu lating pump fail, 
the discharge rrom the fire J)<lmp, when ade­
quately reduced, can be used through the hose 
connection provided in the pl ping. 

Should the brine pump fail, remove the 
orifice in the steam line. The unit can then 
be run with a steam supply or 10 psig steam 

to the first effect, with the vacuum equipment 
secured. The eductor will discharge the brine 
overboard. The capacity under such condi­
tions will be about 6000 gpd , 

Scale Removal 

Scale forms on the outside of the corruga­
tions of the vertical basket-type evaporator. 
The scale can be 1·emoved by cold shocking. 
The shell should be drained and low pressure 
steam admitted into the basket. This expands 
the corrugations and also dries the scale, thus 
making the scale brittle . The steam is turned 
off and sea water admitted into the shell until 
the l>asket is cove1·ed by the sea watct·. Con­
densation of tho steam in the basket c reates 
a vacuum and the differential pressure causes 
the corrugations to contract. This loosens the 
scale which drops to the bottom Of the shell. 
Clean-out holes near the bottom of the shell can 
be opened for removal of the scale particles. 

The first effect, which has the most scale 
forniation, is usually colcl shocked about every 
75 hours. Subsequent effects should be cold 
shocked at double this interval or more , In a 
quadruple- effect unit, the fourth effect will 
probably require cold shocking only once or twice 
a year. 

VAPOR COMPRESSION DISTILLING 
PLANTS 

Tltls sect.ion covers the types of vapor 
compress ion plants, operation, and important 
maintenance fac tors. Additional information 
can be ol)tained from the manufacturer's tech­
nical manual for the specific plant. 

The rnost comnlOn vapor con11>ression unit 
in use is the Model X. This model is built in 
two sizes, 1,000 gpd (Model X-ll and 2,000 
gpcl (Model X-2). 

Jn the Mode 1 X, the vaporizing and con­
densing or the feed is accomplished in the 
evaporator; the warming or the reed and the 
cooli•tS of the condensate, however, are ac­
complisl\ed in an external heat exchanger of 
the double -tube type (tube within a tube} . Cut­
away and schematic vlews or the Model X-1 
distilling unit are shown in figures 11-21 and 
11-2;>,, respectively. 

Recent developments in vapor compression 
units include Models V-1 and the Y-1, each of 
wl1ich has the same rated capacity as the Model 
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Ta.blc 11 -1 .-Impur e Wntor 2W-ll20. 

Trouble Cause Remedy 

Prlmlncr High wntor ln sep:u-ntor 
Excessive reed rates Adjust rood rates 
Clotrned oqualir.ers or spWovor Clean. (Especlall>• buc of loop 

(plpln1t). lle:tl.1 
Mnloper :itlng brine pimp. Service brine pump. 

Vacuum too high. Occrense vacuum by opening by· 
pass valve at conckmsor or throt· 
tllng valve at sea water Jll)mp or 
bleed nlr into the ejeclor sucilon. 

&lddcn chMgcs of vacuum 
DrlfHng exhaust line pre8SUres. Correc1 fluctu:illons (If exhaust 

stonm system. 
lrregula1· 8leum S1Jpply to oJector. Co1· rcct fluctuntlons or 8Ul)p ly 

11ressure to air eJcclor. 
Wet steam supply to eje<:tor . Ora.in condensate from steam sup. 

ply line and check system. 
Dirt ln eJ«:tor strainer or nozzle. Clean alr ejector stTalncr and 

007;de. 

Arlne dcnslty too hlgb Insuftlclcnt overbo<trd dlscharce. lncreaS<? rate or brine overbo:lrd 

Lo\\• rood rntcs. 
'Fouled brine lines . 

Lenk In heal exchangers. Oefcctlvo tube or Joint. 
(llnll leaking wlll be 
hrol:ued by cell lndi-
catlnr hlgh reading on 
sallnt1y indicator.) 

X-1 unit. Twosmallermodcls(300gpdcapaclly) 
:ire also In use . These smaller units :ire sim­
ilar to tho Model X-1, 001 nrc far more com-
11nct. All (If these vapor comproaslon unlls have 
C!xtcrnal heat exch:ingers. 

OPt:RATION OF THE MODEL X-1 UNIT 

It 18 beyond the scope or 11118 ch:\ptcr 10 
describe itll or Uw: various vapor comprei;ston 
dl8tllU~ units In detail . Since itll lhese 
unlls operate on the S:lme basic prlnclples, 
however. lhc Mode l X-t Is described hero as 
an example or vapor compressloo units. Refer 
frequently to ngure 11.21 and 11-22 as )'OU 

study the following Lnrorm:illon dcnllng with the 

to attnln a. density or 1.5 thirty-
seconds. 

lncrcuc reed rates. 
Clean brine line . 

1'ost hydrost:ulcally and rcroll or 
replace defective tube. 

operation of the ~odcl X-1 unit . Information 
concerning the construcllon of the Model X· t 
unit can be obtained from the manufacturer's 
teclmlcal manual. 

Consider briefly what h.~ppens to UM! au 
w:itcr which enters a Model Y-1 unit. F\Jro 
water ls d18tllled from sea. waler, whon the unit 
!s In oper:\llon. as described In the rollowlnit 
p:iragTaphs. 

Cold sea w:iter reed enters the beat ex­
ch:1.11ger : It Is there heated lo about 190• or 
200°F. From the heal exchanger. the reed 
goes into lhe C\'3por:itor . Hl!r c !I paucs through 
the downtako; Into the bottom of the evap0rator 
shall; :1.11d up through the tubes. where bolling 
and evaporation 1:.kc placo at atmospheric 
pressure. or the lncomlng reed, from 1/2 
to 2/ 3 cvRp0r:ues; the rest flows out through 
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Trouble 

Flooded chests. 

Insufficient vacuum. 

Insufficient steam pr es­
sure in first- effect 
chest . 

Air binding. 

Salt-water feedtemper­
atures too low. 

Scaling, heating section 
(basket) . 

Chapter 11-DIST!LLING PLANTS 

Table 11-2.-Low Water Output (2W-112D). 

Cause Re medy 

Closed or throttled valves in dis- Open applicable valves . 
charge llnes of first-effect con-
densate drain or second-effect 
loop seal drain . 

Maloperati11g first-effect drain Service firs t-effect drain pump. 
pump. 

Steam supply pr essure to ejectors 
too low. 

Wet steam supply to ejectors. 

High water temper a ture at distil­
ling condenser. 

Increase steam supply pressure to 
air ejector. 

Drain condensate from line; check 
system. 

Reduce air offtake temper ature 
by increasing circulating water 
through condenser (throttle by­
pass valve al condenser) . 

Increase supply pressure to 5 psig 
steam above orifice. 

Vent air from steam chests. 

Jnct·ease by opening bypass valve 
at condenser . It may be neces­
sary to supplement this by throt­
tling the dischar ge valve of the 
sea \vater circulating pump. 
(Check feed rates.) 

Cold s hock and r emove all loose 
scale through provided door or 
handholes. (Acid cleaning, if r e­
quired, must be done in accord­
ance with instructions issued lYy 
the Naval Ship Systems Com­
mand.) 

the brine overflow thus maintaining a constant clesuperheat the steam as it is compressed. 
water level within the evapor ator. The steam is compressed until a pres-

The steam rises and enters the vapor sepa- sure of 3 to 5 pounds above atmospheric 
rator, where any particles of moisture present pressure is attainecl. The compressed, sat-
are separated Crom the vapor. The moi sture urated steam is discharged to the steam 
is drained from the bottom of the separator ancl chest (into the space surrounding the tubes) . 
out of the evaporator through the vapor separ ator As the. saturated steam condenses on the 
<lr:tin ..... fJn, uriil,,s_ ~·.hi r..h. .,,'lre..P.JllJ.i..pn~..'A!.i t.l.>.:~.1'.t'Uln.. . n11 t.qjti.f' .. ~ ..... nr ..... . t h.,:.~H-~ I 4,7 ipf'.~• . ...... . t 11•i~~ .... ... /ht>~ , . ..rt ~U¥,$: 

pound gage and a pr essure-control switch instead densate drops down and collects on the 
of a manometer, the moisture separated from bottom tube-plate. Every time a pound of 
the vapor overflows with the brine .) compressed steam condenses, approximately 

Fr om the vapor chamber, the steam goes into a pound of steam is formed in the evaporator 
the suction of the compressor; here distilled section; the compressor suction is tllus kept 
watei· is dropped onto the r otating impellers to supplied with the correct amount of s team. 
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Figure 11-21.-Mo<Je l X-1 vapor compression distilling unit. 

The condensate is drawn orr through a 
steam trap; It flows into the heal exchanger 
at a temperature or about 22o•F. As It nows 
through the heat exchanger, the condensate 
gives up Its heat to the incoming reed and is 
cooled to within about 18°F or the cold feed 
water tomperature . Noncondensnble ga~es ar e 
venlcd from the steam chest, through a small 

orifice. TI1ese gases, plus a small amount of 
steam, flow Into the vent line; they carry the 
separated moisture into the heat exchanger , The 
steam condenses and gives up Its heat to the 
feed. 

The remaining feed which does not vaporize, 
rlows continually Into the 11.tnnel; out of the 
evaporato1·; and Into the heat exchanger . '!'he 
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Figure 11-22.-Model X-1 distilling unit with heat exchanger. 

temperature of this brine which leaves lhe 
evaporator, through the overflow pipe, and 
then enters the external heal exchanger, ts 
about 214•F. rn passing through Ute heat ex­
changer, the hot br ine raises the temperature 
or the sea water feed. 

Factors Related to Distillation by 
Vapor Compression 

There are a number or factors related to 
the emclent operation or a vapor compression 
unit. M:>.ny questions may come to mind: 
Why does the vapor have to be compressed? 
Whal starts the heat cycle 'l To what extent are 
heaters used In maintaining the heat cycle? 

What about the loss oC heat? How ts heat bala.nce 
matnratned? These nnd other factors related to 
the operation of a vapor compression unit are 
considered briefly in the following paragraphs. 

VAPOR COMPRESSION.-The need !or com­
pressing the vapor In a distilling unit i.nvolves 
several factors. The tubes or the steam chest 
serve two purpQses: (l) to vaporize the feed 
and (2) to condense this vapor. The feed enters 
the heat exchanger at the temperature of sea 
water. The temperature of thefeedlsincreased 
as the feed flows through the heat exchanger . 
The reed Is already near its bol11ng temperature 
at atmospheric pressure when ll enters Ute 
evaporator. As the feed passes through the 
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downtake, sufficient heat is absorbed !rom the 
compressed steam on the condenser side of 
the tubes to bring the temperature of the feed 
up to the bolling point. 

As the compressed vap<>r from the com­
pressor enters the st.cam chest, the vapor is 
conclonsccl. For any given p1·ossu1·e, the boiling 
point of sea water Is several c1eg1·ces higher 
tMn the bolling point or fresh water. Therefore, 
the reed water passing up through the tubes of 
the steam chest is actually above 2!2°f'. The 
vapor Crom this boiling feed does not have the 
characteristics of sea water; It is fresh water 
vapor, which, at atmospheric pressure, con­
denses al 212"F. When tills vapor lscom11ressed, 
however, Its condensation point Is higher than 
the temperature or the boiling reed water in the 
tubes of the steam chest. When the compressed 
vapor enters the steam chest, the vapor comes 
in contact with external surfaces or the tubes. 
The tem1>erature of these tubes Is lower than 
Uic condensallon point of the compressed vapor ; 
the vapor, therefore . condenses. 

llEAT CYCLE.-The cycle Is started up by 
utlU:tlng ele~trlc heaters lo bring the feed water 
up to the bolling point, <!lid to generate enough 
steam for compressor operation. When the 
compressor Is adequately sup11lled with steam, 
the normal distillation cycle will begin; from 
this point, direct heat from the e lect r ic heater s 
Is required only to make up heat losses . In 
operation. the heat Input from the heaters is 
relnttvely small com p:tred with Ille total heat 
input. 

HEAT SUPPLY.-Heat is supplied lo theunlt 
in two ways: by means or the electric he<lters; 
and by the work done by the compressor, in 
compressing the steam. The amount or heat 
supplied by tho heaters is pro11orllonal to the 
number or heMer s in operation; 1t cru1 be var ied; 
at will, by tho oper a tor . The energy s 11 1iplied by 
the conipressor. howP.ver, cannot be varied by the 
operator. 

Hent trru1srcr Is affected by scale. If the 
amount and location or the scale In the evapQra­
tor tubes were to remain constant, the problem 
would be slm11le. ait. as scaJp accumulates the 
rate or heat transfer through the tube walls 
decreases. When the tubes :ire comparatively 
clean, nn adequate amount or heat Is transferred. 
the vapor Is condensed, and space fot· addlt ion al 
vapor in the steam chest is made available at a 
construit rate. When scale formation retards the 

beat transfer , however, less condensation takes 
place unless the steam Crom the compressor 
has been compressed to a higher gage pressure. 

FEED RATE. - Th'? matter or reed rate in a 
dlstllll11g unit Is very important. The amount or 
heat which the feed can pick up depends on the 
r ate at wlllch the feed !lows through the tubes or 
the heat exchanger and through the steam chest of 
the evaporator . If the feed rate ts low, the wate r 
picks up more heat du1· tng that passage because 
it is In contact with the hot tubes for a longer 
period or time . U the feed rate Is high, the 
water picks up less heat, for It is In contact 
with the hot tubes for less time. 

Experience has shown that, with the Model 
X-1 unit, a minimum feed rate or 70 gph is 
necessarv If the rate of scalo formation Is to 
be kept iow. The unit is deslgnecl, the1·efore, 
so that sufficient lleat is supJllled, when the 
compt·essor speed is about 2,000 rpm, to main ­
tain vaporization of the feed at a minimum 
reed rate or 70 gph. If the lolal heal supply 
deerea11es surrlcienlly to cause the reed to stop 
boiling, It Is PoSSible to bring the temperature 
back up to U1e boiling Point by decreasing the 
reed rate. This practice, however. causes a 
material Increase in the rate or scale formation; 
and a high degree or salh1ity in U1e evaporator. 
Lowering the feed rate be low 70 g11ll ls, there for e, 
not pe1•mlsslble, except perhaps In an emer­
gency, and then only for a sho1·t J)Crlocl. Uthe 
heat Input lo the unit drops, the proper tll'O­
cecture Is to increase lhe heat supply by tu1·ning 
on more e lectric heaters. 

HEAT LOSS.-Heat Is lost rrom the unit 
through the insulation, and in the hot-condensate 
and brine-overflow streams. 111c condensate is 
at a constant temperature for any !{I vcn dlscharge 
pressure. Tho rate of flow of the condcmsate 
depends on the compressor s11ood; It is sub­
slanttally constant at any given compressor 
speed. Therefore, Ille rate of heat loss In ihe 
condensate stream is substantially constant at 
any i;lvcn compressor speed. The brine over now 
Is also at a constant temperatui·e; its rate of 
flow depends, however, on the feed rate. The rate 
of heat loss In the brine overflow stream varies 
directly. then, with tile reed rate. 

HEAT BllLANCE.- When more heat Is sup­
plied to lhe evaporator than is r equired lo balance 
the hont losses, mor e steam Is generated tha11 
the compressor can handle wllhout change in 
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speed. Tills will lend to build up a pressure 
above the feed in the evaµorator section. This 
condition can be corrected by incr easing the 
feed r:1te; this wi ll r esult In more brine over­
flow, which, in turn, will increase the heat loss in 
the brine overflow s tream, and cause the p1· es­
sure wllhin the evapor ator to dec1·ease. {Changes 
of pressure within the evaporator ar e indicated 
on the manometer.) Turning off some of the 
electric heaters would produce the same eCfect; 
this would reduce the heat supply, of course, 
rather than Increase the heat loss. 

In tills discussion, wherever reference ls 
made to manomete r pressm·e, it is to be 
r emembe1·c c1 that some lnstallat.ions are fitted 
with a comp0und gage instead of a manometer . 
The pressure gage will regis ter the same 
changes in the vapor pressure as tile manometer . 

Shott Id the heat losses be greater than the 
heat supply, an Insufficient amount or 
atmospheric - pressure steam will be generated. 
When this condition exists, the pressur e In the 
evaporn\01· above the bolilng feed will decr ease 
sllghtly; ~ partial vacuum will be pr oduced In 
the vaJ)Or separ a tor ; and the manometer wlll 
fall. To correct tills condition; reduce the feed 
rate to decrease heat loss; or turn on more 
electric heaters to increase heat input. 

The Model X-1 unit is kept in balanced, 
operating condition sole ly by adjusting the reed 
rate and by varying the number of e lectric 
heaters in use . These adjustments are made 
until a satisfac tor y feed rMe is obtained and a 
constant pressure i s indicated by the manometer . 
(A ste:idy manometer indicates a steady pressure 
in the evaporator.) 

Operating Procedures 

Tho follo"~ng procedt11·cs apply to s tartint: . 
opcratl11g, and secur ing the Model X-1 unit . 
With a few exceptions. which will be pointed 
out, the routine is the same whether the Type 
XB-1 compressor or the Model AAA - 1 com­
pressor ls used . Information on di!licultlcs 
related to starting and operating the unit is not 
included with the following procech1r es; such in­
lorniatlon Is provided in the manufac turer' s 
technlca I m;mua l and ln Bur eau of Ships Tech­
nical Manual. chapter 9580 (58). 

STARTING ROUTJNt::.-When a Model X-1 
distilling unit is being placed in operation, 
the starting pr ocerure should be performed in 

accordance with either the Naval Ship Systems 
Command or manufacturer's instructions. 

OPERAT ING ROUTINE.-After the unit has 
been started, adjustments will be required for 
some time, until the tmit is balanced and the 
manometer is showing a constant t·eading be­
tween +Z inches and - 4 inches . 

I. To balance the unit, first set the feed 
rate at its minimum value. Then, cut out heaters 
until the manometer starts to drop; this indicates 
that the heat losses are exceeding the heat input . 
Cut in one heater switch; and gradually incr ease 
the feec\ rate until the manometer r emains 
constant somewher e in the r ange between +2 
inches and -4 inches. When a ship is in heavy 
seas. or when the voltage to the heaters and 
compressor motor ls Cluctuatlng, It is desirable 
to balance the unit at a somewhat higher pres­
sur e; and to operate with a manometer reading 
between >2 Inches ancl +4 inches . 

2. Adjust tho dcsuperheate1· dr ip to give 
a minimum compressor - c\ischm·ge pr essur e . 
Increasing the number of dr ops per minute 
lower s the discharge pr essure to a certain 
µoint; beyond this point, increaslngthedesuper­
heater drip will raise the compressor-discharge 
pressure. The desuperheater drip should be 
kept adjusted to hold the low point of the 
compressor-cll scha 1·ge pressur e . As the evap­
orator sca les up, mor e drip wil l be r equired; 
a di1·ty unit , just befor e c leaning becomes 
necessar y, may require a small steady s tream 
thr ough the s ight glass. 

3. Other operating adjustments: 
a . To increase the brine overClow, in­

c rense tile feed . 
b. To decrcnse the brine overflow, dc­

c rensc the reed. 
c. To n1ak~ the 1nanon1otcr rise, e ither 

turn on additional healers or reduce 
the feed rate . 

d. To make the manomete1· fall, either 
increase the feed rate or turn off 
electric beaters . 

e , To increase the condensate rate, in ­
crease the compr essor speed. 

f. To decrease Ille condensate rate, de­
crease the compr es sor speed. 

SECURING ROUTINE.-The 1wocedllrc for 
securing the unit ls as follows: 

1. Fill the desuperbeater tank. 
2. Turn ore the electric heaters. 
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3. Open the bypass valve . 
4. Stop the compressor motor. 
5. Secure the condensate pump. 
6. Secure the desuperheater drip. 
7 . Open the n ow-control valve wide; con­

tinue feeding for at least 15 minutes in or der lo 
flush the unit . An even longer flushing periocl IS 
desirable from the point of view of retarding 
scale formation . (In submarine installations, 
where longer flushing periods are required, 
adjust the feed rate until ll is the same as the 
overflow rnte .) 

8 . Sec1tre the !low control valve and the 
feed pump. 

9. When the flow stops in the brine overflow 
rotameter, secure the brine overflow rotameter 
and the brine overflow pump, The u.nlt must 
always be le ft full or sea water between oper­
ating periods. 

10. Secure sea chest valves. 
I I. Pull main electrical switch. 
READINGS AND LOG ENTRIES.-lt is im­

portant that an accurate, up-to-date log be 
maintained on each distilling unit. The log 
should contain a recoi·d of i:eadings taken hourly 
during the period of plant operaUon; and a 
statement of maintenance work per formed. 

It is recommended that the hourly readings 
include: lime of reading; hours run since lasi 
c leaning; compressor pr essure; compressor 
rpm; feed rate (gph) ; overflow rate (gph); gal­
lons of condensate distilled; feed pressure; 
n1anonteter t·eading; nun1ber of heaters in use; 
volts; amperes; and condensate salinity. 

The following nolatlons shou ld be made under 
"remarks": time distillation started; time unit 
secured; time desuperheater tank filled; date 
eva por ator cleaned; and elate heat exchanger 
cleaned. 

CLEANING THE MODEL X-1 UNIT 

During no1·mal operation, scale ctepositswill 
form on the distilling plant evaPQrator and heat 
exchanger tubes . The rate or scale for mation 
depends upon the concentration of suspended 
matter and carbonate salts pr esent in the sea 
water or fresh water used to feed the dist.illing 
plant. Excessive scale on the evaporator and 
heal exchanger tubes will r educe the capacity 
of the clistilltng plant. Therefore, steps must 

be taken to periodically clean the evaporator 
and heat exchanger of the plant. 

Cleaning the Evaporator 

Under normal conditions, tubes must be 
cleaned every 250 hours of operation by the 
sodium acid-sulfate method 01· every 500 hours 
by the mechanical method . (Operation in some 
waters may 1·equire mor e frequent cleaning.) 

When the evaporntor is cleaned mechanically, 
lhe ovedlowplpe, the rotameter, the manometer, 
and the flow control valve should also be cleaned. 
(It may he necessary to c lean the measuring 
devices more frequently in order to keep the 
markings clear and distinct.) Consult the manu­
facturer 's teclmical manual and Bur eau of Ships 
Tecluiical Manual for procedures to be followed 
when cleaning the e vaporator and related meas­
uring devices. 

The sodium acid- suUate method 1·equir es 
minor piping changes and some !lddltional equip­
ment whi ch is not issued by the Naval Ship Sys­
tems Command. WhenthismethOdisused, it v.ill 
effectively r emove scale from all sur faces com­
ing in contact with eithe r the salt water feed, or 
ihe brine over flow. These are the surfaces 
likely to require cleaning. 

Cleaning with sodium acid- SU Irate solution is 
s imple and quick as compare cI with the mechan­
ical c leaning methods, and can be carr ied 
out "~U1oot dismantling the unll. WhenusingtM 
sulfate method, the unit must be in normal 
ope r ation, the only difference being tha l the 
c leaning agent is used in place or the sea water 
feed. (Hydrochlor ic acid cleaning or the :l.iodel 
X - 1 unit Is prohibited.) 

When the evaporator is to be c leaned with 
sodium acid- suUate solution. it shou ld be cleanea 
In accordance with recommendations from the 
Naval Ship Systems Command. 

Cleaning the Heat Exchanger 

The heat exchanger shoulcl be c leaned after 
each 200 hours of operation, and MUS1' be 
cleaned after each 250 hours. bi cleaning heat 
exchangers (AA or AAA types), refer lochapter 
9580 (58) of the Bureau of Ships Technical 
Manu>tl for the correct procedure . 
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CHAPTER 12 

REFRIGERATION PLANTS 

The purpose of refrigeration is lo cool 
spaces or objects and to maintain them at tem­
peratures below the temperature of the sur ­
rounding atmosphere. In order to produce a 
refrigeration effect, it is necessar y to expose 
the object to a colde1· object or em1ronment 
and allO\v heat to flow in its ''naturatr. direction­
that is, from the warmer body to the colder 
body. For example, a pan of hot water placed 
on a caice of ice will be cooled by the now of 
heat from the hot water to the ice. This refrig­
eration effect can be maintained as long as the 
ice lasts; but no n1atter how n1uch ice is avail­
able, a re frigeration effect greater than the 
cooling of the water of 32°F cannot be produced. 
For example, water cannot be made to freeze 
by this method, since freezing requir es the r e­
moval of the latent heat of fusion (heat which 
must be removed from a liquid to change it into 
a solid without any change in temperatu1·e) from 
the water after it has cooled to 32°F; for this 
process a te mperature differ ence is required 
which is not available when both the water and 
the ice are at 32°F. Therefore, when the pur­
pose of r efriger ation is the production of ice 
or the maintenance of tempcr'1tures lower than 
32°F, it is obvious that ice is not a suitable 
refrigerant. 

In order to understand the pi·inc iples of re ­
frigeration, it is essential to have a tmowlectge 
of the nalln·e and effects of heat and the physical 
conditions :lffecting the r cfrigel·ant . Additional 
information concerning basic r efriger ation prin­
ciples and definitions can be obtained from 
chapter 9590(59) of the Bureau of Ships Tech­
nical Manual. 

In accordance with the Naval Ship Systems 
Command pollcy, refrigerants used in the Navy 
are no longer identified by trade names . In­
stead, tbey are identified by the letter "R" fol­
lowed by the appropriate number, or e lse they 
are identified simply as "refrigerants.• For 
example, the r efrigerant for mel'ly known as 
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«Freon 12• (CCL2F2) now Is identified either as 
"R-12", as "refrigerant 12", or simply as a re­
frigerant. 

The r efrigeration systems most commonly 
used in the Navy, utilize R-12 as the r efriger­
ant . The information given in this chapter is, 
t her efore, primarily concerned with R-12 sys­
tems. It s hould be noted that t.he cycle of op­
eration and the main components of R-12 sys­
tems are basically the same for refrigei·ation 
and air conditioning plant$ 

TYPES OF MECHANICAL REFRIGERATION 
SYSTEMS 

The two basic types of mechanical refrigera­
tion systems, where energy input is in the form 
of mechanical energy or wor k, used by the Navy 
are the steam-jet r efrigeration system and the 
vapor cornpressioncycle refrigeration system. 
Both types are used for naval sh ipboard refrig­
eration and air conditioning. The most gener ally 
employed type is the vapor compression cycle . 
Vapor compression cycle refrigerating systems 
with centrifugal compressors are often used­
generally to cool a secondar y refrigerant; for 
example, brine for cargo refrigeration and fresh 
\\

1ater for air condit ioning application. 

STEAM-JET REFRIGERATION SYSTEM 

The steam-jet refrigeration system is used 
on some naval ships for air conditionh1g. As 
shown in figure 12-1 , the steam-jet plant consists 
of a flash tan k, a booster ejector, a condenser, 
air ejectors, and the necessary pumps and piping. 
The flash tank (sometimes called the evapor ator) 
Is maintained under exceptionally high vacuum by 
a steam-jet booster ejector. As water is sprayed 
into the flash tank, part of each drop flashes into 
vapor and thereby cools the unvaporizeclportion 
of each drop to about 50°F 01· lower, depending 
upon the capacity of the unit. The cooled water 
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Figure 12- 1.- Steam-jet refrigeration system. 

falls to the bottom of the shell; it is the n pumped 
to the cooling coils, and r e turned to the flash 
rank at a \e mper atur e of about 55°F. 

VAPOR COMPRESSION CYCLE 
REFRIGERATION SYSTEM 

Vapor compression cycle refr iger ation sys­
tems may have either centrifugal compressors 
or reciprocating compressors. 

The vapor compr ession cycle- with r ec ipro­
cating compressor-using R-12 ls used for most 
naval refr igera!ion plants . Figure 12-2 g ives a 
general idea of this type of l'efriger at ion cycle, 
On s tudy ing th is system, try to understand wha t 
happens to the refrigerant as it passes through 
each part of the cycle . It will be he lpful to trace 
the r efrige 1'ant t hrough its entire cycle , begin­
ning: with the thermostatic expansion valve , 

Liquid r efrigerant enters the expansion valve 
from the high pressure side of the system and 
passes thr ough an orifice, which reduces the 
J)l'essure of the refrige rant. Due to the reduc­
tion in pressure, the liquid refrigerant begins 
to boil and to flash into vapor . 

Fr om the thermostatic expans ion valve, the 
refrige r ant passes into the cooling coil (evap­
orator), The boiling: point of the refrigerant 
unde r the low pressure in the evaporator is lower 

than the temperature of the space in which the 
cooling coil is installed. As the liquid boils and 
vaporizes, i t absorbs its la tent. heat.of vaporiza­
tion from t he surroundings, there by cooling the 
space . The refrigerant cont inues to absorb latent 
heat of vapor izatlon until all the liquid has been 
vaporized. By the time the refr igerant is r eady 
to leave the cooling coll, it has not only absorbed 
this latent heat of vaporization, but has also 
absorbed some additional heat- that is, the vapor 
has become superheat ed. As a rule, the amount 
of super heat is 10°F. 

The refrigerant leaves the e vapor ator as a 
low pt'eSS\ll'e '"1perheater1 vapor, having ab­
sorbed heat and thus cooled the s pace to the 
desired temperature , The r emainder of the 
cycle is concerned with disposing of this heat and 
getting Ille r e frige rant back into a liquid state so 
that it can again vaporize in the evaporator and 
thus again absor b heat . 

The low pressur e superheated vapor is dr awn 
out of the evapor ator by the compressor , which 
also keeps the refrigerant circulating through 
the system. Jn the compressor cylinder s, the 
refrigerant i s con1pt~essed fron1 a low pressure, 
low temper ature vapor to a h igh pressure vapor, 
and its temperature rises accordingly, 

The high pressure R- 12 vapor is discharged 
from t he compr essor into the condenser. Here 
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Figure 12-2.- R- 12 refrigeration cycle. 

the refrigerant condenses. giving up Its super­
heat (sensible heat) and Its latent heat of vapori­
zation to the ambient ah" in an ai1· -cooled con­
denser or the cooling water in a water-cooled 
condenser. The refrigerant. still at high pres­
sure, is now a liquid agaill . 

From tile condenser, lhe refri._~erant flows 
Into a receiver. which serves as a storage tank 
tor the liquid refrigerant In the sys tem. Fron1 
the receiver, the refrigerant goes to tl>e thern10-
static expansion valve, and the cycle begins 
again . 

As it can be observed fr om •he description or 
tbe compression cyc le, this type or refrigeration 
system has two pressure sides. The LOW PRES­
SURE SIDE extends Crom the oriCice orthe ther­
mostatic expansion valve up lo and including the 
intake side or the compressor cylinders. The 
HIGH PRESSUrtE SIDE extends from the dis­
charge valve or the compressor to the thermo­
static expansion valve . 

OPERATING PROCE:OURES FOR 
AN R-12 SYSTEM 

Proper 01>e1·atton or any unit or machinery 
iS ai1 lmportanl part oI maintaining It. To en­
sure proper ope rat l(ln of the refrigeration plant, 
it is necessary to make periodic inspections and 
tests. 

The Intervals oC the time between plant 
inspections will vary depending upon the purpose 
Cor which the plant ts used. The temperatures 
and pressure$ throughout the system ruid the o il 
level In tl'IO compressor crankcase arc checked 
and tho r esul1 s r ecorded every t.wohtlur s unloss 
watchstru1dlng: instructions spec iCy otherwise. 
The r esults of these checks can be used to 
determine whether or not U1e plant Is operating 
pro1>Crly. One of the best methods of checking 
plant opera tion is to compare the existing 
temperatures and pressures with those l"CCorded 
dur Ing :i per lod when lhe plant was known to be 
oper:111ng properly. under conditions similar lo 
the 1>resent conditions. 

The following information on prestartlng 
procedures applies to r efrigeration systems 
in general. 

l. Open all refrigerant line valves except 
those which would release r efrigerant to the 
atmospher e or those which a1·e for bypassing 
components such as the dehydrator , the liquid 
control manifold or the liquid contrnl piping 
assembly, and the evaporator pressu1·e r egu la­
ting v:1lve. Shut of( valves, which ar e ln tho 
inte r connecting piping between the condensing 
units and the condenser cross-connecting piping 
(lf Installed) . should be checked to ensure that 
they are tightly closed. The compressor shut 
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off and main liquid line valves from the r eceiver 
should remain closed uniil they are to be opened 
in their proper sequence in the s tarting pro­
cedure. 

2. Start the ran motors on all rorced alr 
coolers; see that an adequate amount of air Is 
being delivered . 

3. On water cooling applications (so<lafoun­
tains. drinking water coolers, process water 
coolers, and air condition ing water chillers), 
admit the water to be cooled and purge the water 
c ircuit of alr . 

4. See that all stop valves in the c irculating 
water supply a nd in the dischar ge lines for the 
condenser arc open. 

5. If water Is taken from the firemain, make 
certain that the pi·essure- reducing valve ahead 
of the water regulating valve is adjusted to pro­
vide a water pressure of 30 psi or less ahead 
ot the water regulating valve . 

6. When no pressure-reducing valve is in­
stalled, regulate the firemain connection stop 
valve manually so that the required water pres­
sure ahead or the water regulating valve Is 
maintained. 

7. When an Individual circulating pump is 
used to supply condense r circulating-water, 
be sure that any va lves which permit transmis­
sion of pump dlschnrge pressure to the water­
failure s w!l ch are open. 

8. If the compressor unit is equ ipped with 
an air-cooled condenser, make certain that the 
air flow passages to the condenser are un­
obstructed, and Lhal the air circulating fans 
ai·e clear . 

9. Open tho compressor discharge-line 
valve, the stop valve In the line connecting the 
condenser and the liquid receiver, and the main 
liquid-line valve. 

STARTING THE COMPRESSOR 

Too much emphasis cannot be placed on the 
need ror llloroughness and care at the time the 
compressor Is started. Bent crankshafts, dis­
torted valves, and blown gaske ts are a few of the 
casualties which may occur if pr oper procedures 
and applicable precautions are not followed. 
After accomplishing ot· checking the items listed 
under the posted prcstarting instructions, the 
following procedure should be used: 

1. Set the AUTOMATIC-MANuAL selector 
switch on the compressor motor controller in 
the MANUAL position. 

2. Close the momentary-contact ST ART but­
ton in 1 he pump control cir cu it to prepare the 
pump motor for starling. 

3. Close the momentary-contact START 
switch in the compressor control circuit tostarl 
the p.imp motor which also energizes the king 
solenoid valve circuit. 

As the pump circulates the water, the water­
failure switch closes automatically and com­
pletes the c ircuit to the compressor-motor con­
tactor co ll. When this circuit is closed, the 
compressor motor starts . In installations where 
a pump motor and a puropcontrol clr cultare not 
Ins talled, closing the momentary- contact ST ART 
switch ene rgizes the com pressor control c ircuit 
nnd star ts the compr essor motor. 

4. Turn the compressor over by hand or start 
and quickly stop the compressor lo determu1e 
that It will rotate freely. 

5. After it has been determined that the 
motor and the compressor are in operating con­
dition, crack the suction stop valve and set the 
controls on AUTOMATIC. This arrangement 
v.ill eliminate the possibility or the pressure 
In the system decreasing below that or the at­
mosphere and drawing air into the compressor . 

Open the compr essor suction valve slowly, 
wlth the compr essor running. so as to limit the 
quantity of suction gas handled by the compres­
sor . The suction gage should be watched as the 
comp1·essor suction valve is opened. Tile valve 
shoulcl be opened, gr adually, at a rate such that 
there wlll be neither a rapid fluctuation in suc-
11011 pressu1·e nor a rapid drop of pressure in 
Uie compressor crankcase. 

6. If lubrication of the compressor is by 
forced feed, check the pressure on U1e oil pres­
sure gage . 

Unless speciCic instructions Indicate other­
wise . the oil pres&ure should be between 15 and 
30 psi above compressor suction pressure 
within a few seconds after the compressor Is 
started. If the compressor Is designed ror 
automatic capacity control, oil pressure of 50 
to 60 psi above suction pressure Is r equired. 

7. Make certain that the proper quantity of 
circulating water is flowing through the con­
denser before the compr essor discharge pres­
sure reaches 125 psi. 

In systems not equipped with waler r egu lat­
ing valves, normal operating conditions gener ­
a lly produce condensing pressures of less than 
125 psi. since the condensing water temperatur e 
Is usually less than 85°F. In systems equipped 
with water regulating valves, the valves should 
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be adjusted to maintain the condensing pressure 
at 125 pSI: when the valves are so adjusted, U1e 
quantity or cooling water required decreases 
rapidly with decreasing circulating water temp­
eratures. In systems equipped with air-cooled 
condensers, condensing pressures may exceed 
125 psi when the temperature orthe surrounding 
air is higher than normal. 
OPERATING AN R-12 PLANT 
IN AUTOMATIC 

After the prescribed operating pressures and 
temperatures have been established a11d the 
switch set ln the AUTOMATIC position. the suc­
tion-pressure Is so connected, by e lectrical 
means, that It starts and stops the compres­
sor automatically, on the basis or load con­
ditions. U the automatic contr o l valves aod 
switches are ln proper adjustment, the opera­
tion or the plant, after proper starting, wlll be 
entirely automatic . 

When the selector switch is set for automatic 
operation, the closing of the water-failure 
switch, the high pressure switch, or the low 
pressure switch through automatic operation will 
energize their respeclive circuits. Other control 
devices require the intervention of an operator 
before the compressor can be restarted. Some 
high pressure s witches are provided with manual 
reset devices which must be r eset by the op­
erator after the switches have been opened by 
excessive pressure. 

Some lnstnllalions are designed so that the 
supply of condenser cooling water Is available 
either from a centrifugal pump or Crom the fire 
and !lushing main directly. I! cooling water is 
obtained Crom the fire and !lushing main Instead 
of from the pump, the pump controller swlteh Is 
apened m:inually. The water-failure switch re­
mains closed regardless or the source or con­
denser cool Ing water. 

SECURING THE COMPRESSO.R 
rr a compressor is to be secured for only 

a short period, it is not necessary to pump 
down the system. The comp1·essor, however, 
must be pumped down. To do this, first c lose 
the compressor suction valve slowly, to pre­
vent too rapid a reduction h1 crankcase pres­
sure . TI1en allow the compressor to run until 
ii is stopped by the low pressure control switch; 
push the STOP button on the motor-control 
panel. Next, c lose the compressor discharge 
shutoff valve; s hutoffthewater supplytothe con­
densers. Finally, c lose the main liquid valve 
after the r aMtvcr . 

I! a refrigeration system Is to be secured 
for an extended period, the system must be 
pumped down: the procedUre involves pumping 
most of the R-12 out or the coils of the evapora­
tor, and storing the refrigerant In the receiver. 
rr lhe quantity or liquid refriger:inl contained 
in the system Is in excess of the cnpaclty of 
the receiver, the surplus liquid must bo drawn 
off into r efr igerant drums. 

KOTES ON COMPRESSOR OPERATION 

An R-12 compressor should noi remain idle 
ror an extended period of time. When two or 
mor e compressors arc installed for n parllcular 
plaot, lhe compressorsshouldbe operatedaller­
nately so that the total operat ing time on each or 
the compressors Is approximately the same. 
An idle compressor s hould be operated at least 
once a week. 

In some cases it may be necoMnry to use 
two compressors such as for extensive stores 
brought nbonrci ship, the transferring of stor es 
at sea, or :iny situation where the temperatures 
are excessively hljth and must be returned 
quickly to normal. However, one compressor 
should normally serve a refrigerant cir cuit . 
When com pressors are operated In parallel on 
a common refrigerant circuit, lubl'icati.ng oil 
may be transferred from 011e compressor to 
another. Such transfer or oil may result in 
serious damage lo all compressors on the 
circuit. 

Ir an emer gency requires that two compres­
sors bo operated on a common refrigerating 
load, the amount of lubricating oil returned 
to each compressor must be determined by 
care!Ul observation or the oil level In each 
crankcase. The proper oil level must be main­
tained In the crankcase of each compressor 
under au operating conditions. 

A sight-g lass is prov ided in tho side or the 
compressor crankcase for check~1g the level 
or the lubrlcatlng oil. To check tho oil level 
while tho plant ls In operation, wait until the 
compressor shuts down. II is not Possible to 
check the oil level while the compressor is 
running, since the motion of the parts within the 
crankcase churns the oil and causes roam. 

As soon as the compressor stops, riusb the 
STOP button on the control panel; so that the 
compressor wt 11 not start while you are check­
ing the oil level. Turn the flywheel or the com­
pressor tlll'Ough one revolution and observe 
the rise nnd fall of the oil in the sight-glass. 
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Record the AVERAGE oil level-that is, the 
midpoint between the highest and the lowest 
levels-as the observed oil level . Unless other­
wise specl!led, an oil level covering between 
1/4 and 3/ 4 of the area on the sight-glass is 
satisfactory. If the oil level ls not v.1thi11 the 
specified r ange, oil will have to be added or 
r emoved. Do not attempt to clo this unless you 
are qualUlecl in the pr ocedures to be followed 
and arc thor oughly familiar with t"lie applicable 
safety precautions. 

MAINTENANCE OF R-12 SYSTEMS 

Refrigeration plants are equipped with auto­
matic controls and once the plant Is in normal 
operation, very little a ttention is required. 
However, these plants are , like a ll units of 
machlne1·y, liable to casualties, so pc rl<>dic 
checks must be made to ensur e tha t the plant 
is operating nor mally. The main purpose 
of the daily operating log for refr iger ation 
equipment is co ensure that abnormal operat­
ing conditions do not go undetected. 

Usually the per sonnel assigned to operate 
and maintain refrigeration plants arc graduates 
or an air condition ing and r efrigeration school. 
However, on small ships, the men assigned to 
make the period ic checks on the r efrigeration 
plants may or may not have attended this 
school. These men must be proper ly indoc­
trinated as to how to take and record the 
temperatures and pr essures in a refrigeration 
plant and also as to why these readings ar e 
important for the oper ation of the plant. 

Some or the refrigeration maintenance pro­
ce<llres that you should be familiar with are: 
defrosting the cooling coils, pumping down a 
system and checking for air and noncondcnsable 
gases . pu1·ging a s ystem or noncondensable 
gases, using a halide torch (discussed later in 
this chapter) to tes t for r efrigerant leaks, 
charging the sys tem, checking compressor oil, 
pr oper care of V- belts, and r epairing crank­
shaft seals. 

DEFROSTING OF COOLING COILS 

The cooling coils should be deCrostedas orten 
as necessary to maintain the e tfecllveness of the 
cooling surface . Excessive accumulations of 
frost on the coils will r esult in such troubles as 
r ectucetl cooling capacity, low comp1·essor- suc-

lion pr essure. and a tendency for the compressor 
to short-cycle. The maximum permissible time 
interval between defrosting operations depends 
on many factors. such as refrigeram evaporating 
temperature, free-moisture cor\tent of supplies 
p laced In the refrigerated space, temperatur e 
of r efrige r ated spaces, frequency of opening of 
cold-stor age compartment door s . and at mos­
pheric humidity. In the average cold-stor age 
r efr iger alion installation it is gootl pr actice 
to defrost cooll11g coils before U1c average frost 
thicimess reaches 3/16 inch . This is not a hard 
and fast rule; sometimes the rrosl layer may 
become appreciably thicker without seriously 
interfering with plant operation; at other limes 
it may be necessary to defrost more o!ten to 
maintain satls!actor y oper ation or the plant and 
proper compartment temperature. 

T he mosl COMMONMETHODOFDEFROST­
ING a cooll11g coil in the aver age r efr igeration 
i11stallatlon Is (!) to shut off the supply of 11- 12 
to the coil lo be defrosted, by closing the liquid­
llne stop valve ahead of the expansion valve: 
and {2) to permit the temper ature in the com­
partment to rise above 32°F. by leaving the 
entrance door open . The frost will melt off the 
coils or may be easily brushed off. Since the 
cooling coils arc made of tinned copper or gal­
vanized stee l tubing, care should be taken not 
to damage the evaporator coil lf a scraper 
is used lo r emove frost. 

Most Installations now in use n,re provided 
with HOT-GAS DEFROSTING LINEStofacilitate 
defrosting wher e compartment temper atur es are 
mainta ined at 32°F or less. The principal 
advantage or hot-gas defrosting Is that this 
process permits defrosting of the freeze room 
coils while the rest of the plam operates 
normally . (In the following paragraphs, defrost­
ing pr ocedures will r efer only to freeze room 
coils .) 

A hot-gas defr osting line leads from the 
compr essor, dischar ge piping to the suclion 
end of lhe freeze room cooling coll. Tl1e hot­
gas line .loins the suction line, between the freeze 
room and the suction valve; therefore. hot gas 
admitted to Uie freeze room cooling coil flows 
"backwards• through the coil- that is, the hot 
gas flows in a direction opposite to the flow of 
refrigerant under normal operaUng conditions. 
In addition lo llie hot-gas lille, the system i~ 
provided with a l ine which connects the inlet 
end of the freeze r oom cooling co il (just be­
yond the expans ion valve} lo the liquid supply 
l ine . 
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When it is desired co defrost the coils or the 
freeze room, the normal refrigerant-liquid 
supply and suction return-line valves of the 
freeze room cooling coil are closed. Tile valve 
in the hot-gas supply line is then opened; 
compressed refrigerant-gas is admitted to U1e 
coil. As the frost melts on the exterior coil 
surfaces, the gas is condensed in the coils 
and becomes a liquid . The liquid is led, from 
the inlet end of the freeze r oom cooling co il, 
to the liquid supply line and may be ut ilized 
normally in the other compartmenls. 

Upon completion of the defrosting process, 
the system is returned to its norn1al operating 
condition by c losing U1e defrosting valves and 
opening the valves in tile refrigerant-liquid 
supply line to the freeze room coil and the suc­
tion return valve from the freeze room coil. 
Care musl be taken that all liquid refrigerant 
has bee n d isclutrged from the freeze r oom coil 
befor e the suction line valve from the compart­
ment ts opened. If a ll the liqul(l has not been 
discharged, liq11 id slugs may be rct\lrncd to the 
compressor. 

PUMPING DOWN A REffiIGERANT 
SYSTEM 

The pumping- down procedure to l>e followed 
will depend on the maintenance to be done. 
In some cnses, the necessary maintenance 
can be performed on the charged system after 
a part to he repair ed or replaced has been 
Isolated . Generally, it is possible to punip down 
any part or a charged system except the con­
deoser, the liquid receiver, and lhe compressor 
discharge llne. When repairs are to be made 
to a major portion of the system, the refrigerant 
system must be pumped down to return all 
refrigerant to the receiver . If repairs are to be 
made to the receiver, or receiver shutoff valves, 
the cntit·e system must be drained Into spar e. 
refrigerant drums. It may also be necessary to 
drain the system to make repalrs to the com­
pressor discharge line or tile condenser. How­
ever, In systems having valves to isolate the 
compressor discharge line and condenser, and 
where it is not objectionable to release refrig­
erant (which may still be trapped In the con­
denser after the system bas been pumped d0\\11 
to lhe rece iver) to the atmosphere, repairs to the 
compressor discharge line and condenser may be 
made with this secticm isolated. 

Whenever it is necessary to open a charged 
system In orde r to make repair s 0 1· re place-

383 

ments or lo clean strainers, the refrigerant 
pressure within the part or lhe system to be 
opened should be pumped down to a pressure 
slightly above atmospheric (l/2 to 2 pslg) before 
any connections are broken. It Is generally 
pe>ssible to pump down any part or the system 
(except the condenser, the liquid receiver, and 
the compressor discharge line) by proper manip­
ulation of cutout valves . As a part or the system 
which contl\lns liquid R- 12 is JJUmpcd dovm, 
its temperature will clect'ease as a result of the 
evaporation or the liquid refrigerant. When the 
temperature or such a part of the system begins 
to rise to normal again, while the low pressure 
In the part Is maintained, il is reasonably cer­
tain that all R-12 liQUid within the part has 
been evaporated. 

If, in the final evacuation ofa part oC the sys­
tem, a pressure of Jess than O pslg Is reached, 
sufficient r efr igerant should be immediate ly 
bled into the evacuated part of lhe system to 
raise the pressure co between 1/2 nnd 2 psig. 
Connections may the11 be opened; and r epairs, 
replacements or parts . or other necessary serv­
ice operations may be accomplished. 

When a re fr lg er ant system Is opened, the 
free ends of the refrigerant lines should be 
temporal'lly plugged in order to prevent the 
entrance or air and dirt. When the connections 
are 1·emade, one connection is made tight while 
the other connection is left looso, temporarily, 
so that tho a ir or ot her foreign gnsos in the 
section of the syste m which is serviced can 
be swept out through the free e nd as this 
section of the system is s lowly purged with 
refrigerant-gas bled from the charge in the 
system. The other connection (or connections) 
is then quickly tightened. Refrigerant. oil­
charging, gage, and control lines, although 
generally of small size and short length, should 
be purged with refrigerant-gas Immediately 
before' thoy arc connected to the syslem. Where 
connecting lines which have been r omoved are 
to be used again, the ends of Hie lines shou ld 
be capped to protect the comiecting fitting and 
to ensure that the tube will be c lean and dry 
when it Is used again . 

When MAJOR REPAIRS are to made to 
a major portion or the system or when the 
system Is to be secured for an exten<led period, 
the refrigerant system must be pumped down 
to r eturn all refrigerant to the receiver . SUf­
ficient r efrigerant-gas should be retained within 
the syste m to create a positive pressure or ap­
proximately 2 ps lg throughout the c ircull, except. 
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within the compressor discharge line and the 
condenser, and between the receiver and the 
main liquid- line shutoff valve. To pump down 
I.he system, c lose the main liquid-line shutoff 
valve and the dehydr ator-bypass valve, and 
open the cooling-coil solenoid valves. Allow 
the compressor to operate on manual control 
until the suction pressure reaches approximately 
1/2 to 2 ps ig, then stop the compressor. Re­
peal the oper ation until the liquid r efr igerant 
in the circuit has evaporated and the suction 
pressure remains relatively constant at 1/2 to 
2 psig . During the pump- down period, the evap­
oration of llquid r efrigerant can be traced on 
the liquid line back to the main liquid- line 
shutoff valve by the formation of frost and its 
subsequent melt ing as the liquid reft"igerant 
is evaporated and superheated. Open the 
power . supply switch to the compressor; close 
the compressor suction and compressor dis ­
charge shutoff valves. Shut off the water supply 
to the condenser and drain fhe condenser water. 
Where the amount of liquid refrigerant contained 
in the s ystem is in excess of the capacity of the 
receiver, the s ur plus liquid refrigerant ntusl be 
drawn off into separate refrigerant drums. 

To drain the refrigerant char ge from the 
system when it is necessa'ry to make repairs 
to the condenser, the liquid receiver, or the 
compressor discharge line, or for any other 
r eason, the following procedur e should be used: 

1. Start the compressor and pump down the 
cooling coil and suction-line with the liquid-line 
valve at the receiver outlet closed, to the point 
at which the low pressure contr ol switch (the 
cont rol unit that causes the compressor to go on 
or off, as required for normal opera.ti on of t he 
plant) stops the unit. 

2. When the compressor is stopped by the 
low pressur e cutout switch, r estart the unit 
manually and continue the pumping-down until the 
suctlon pressure reaches approximately 1/2 to 2 
psig and stop the compressor. Repeat the opera­
tion in periodic cycles until the liquid refrigerant 
in the circuit has evaporated and the s uction 
pressure remains i·elatively constant between 
1/2 and 5 psig. 

3. Close the compressor d ischarge line 
valve; close all liquid valves at the cooling coils . 

4. Connect an empty R-lZ service drum to 
the refriger ant drain valve. (Before connecting 
the drum to the R-12 system, cool the drum 
thoroughly to permit rnpict dr aining of the r e­
frigerant into the drum). Always use a clean 
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R- 12 service drum containing no air or water so 
that the drained R-12 maybe kept in suitable con­
dition for future use. 

5. Purge the air out otthe line connecting the 
drain valve and the dr um by leaving the connec­
tion at the dr um valve open as you slowly flush 
r efriger ant through the line and out at the con­
nection; then close the connection. The R-12 
may now be drained into t he cooled drum by open­
ing the drain valve and the service d1·um valve. 

6. When the service drum Is full, close the 
drain valve and permit the R-12 liquid in the 
dr ain line to evaporate; then close the service 
dr um val ve and disconnect the drum from the 
system. 

7. Weigh the drum to be cer tain that it has 
not been over char ged. n ie net and gross weights 
are stamped on t he drum. ('l'hese weight s include 
that of the cast iron protector cap which fits over 
the cylinder valve.) 
CAUTION: Never fill a service drum beyond its 
rated capacit y; drum rupture may result from 
hydraulic pressure upon rise in temperature. 

8. Discharge the R- 12 vapor, which rema ins 
in the condenser and receiver to the atmosphere 
through the purge valve. 

TESTING FOR REFRIGERANT LEAKS 

Refrigerant leaks mean the lossof r efriger a­
t.ing effect and loss of r efrigerant. Various tests 
are used to determine the existence of leaks in 
refr igerant systems. Pressure tests :u·e used 
alter I.he installation of a system and after 
extensive repairs or r eplacement of parts have 
been made. Pressure tests are made before the 
system is charged with refriger ant. Charged 
systems are tested for leakage either with a 
halide leak detector or with soapsuds; which of 
the two methods is to be usedwiil depend largely 
upon the size of the leak, and upon the type of 
space in which the test is to be performed. 

In addition to those tests for leaks which are 
made at periodic intervals, tests should be made 
befor e t.he compressor s a re started and at any 
other lime that a shortage of refrigerant in the 
system is suspected. Unusual oper at ing con .. 
clilions which indicate a shOrlage of refrigerant 
in the system are : 

1. High suction-line temperaturc~s . 

2. Relatively high crankcase and cylinder 
temper atures .. 



Chapter I 2-RETIUGERATION PLANTS 

3. Excessively high refrigerant temperarure 
in the llquld line. 

4. Bubbles In the refrigerant sight-flow in­
dicator. 

5. Liquid refrigerant is carried partially 
through the coll, with considerable superheat 
at thO thermal c lement. 

6. Compressor running continuously . 
7. Excessive oil seepage at shall soal con­

nection. 
8. Oil seepage at r efrigerant-system piping 

and compressor connections. 

A shortage or refrigerant in the system nearly 
always Indicates the presence of le:llts. When a 
shortage or refrigerant is round, the entire 
system shnuld be tested for leaks by one of the 
following me thods. 

The use of a HA L IDE LEAK DE'!' ECTOR is 
the most positive method or detecting leaks in 
a r efrigerant system. SUch a detector .consists 
essentially of a torch burner, a copper r eactor 
plate, and an exploring hose. (See fig. 12-3 .) 

Most detectors use either acetylene gas 
or alcohol as a file!. Pressure for detectors 
which use alcohol Is supplied by a pump. If a 
pump-pressure lype of alcohol-burning detector 
is used, be sure that the air pumped Into the rue! 
lank Is pure. 

Atmosphere suspected or conmlnlng R-1 2 
va1><>r Is drawn, by injeclor action, through 
the 0X1JIOring hose Into the torch burner Of lhe 
detector. Her e the a ir passes over the coppe1· 
reactor plate, which is heated lo Incandescence . 
If there ts a minute trace or R-12 present, the 
color of lhe flame will change from a blue 
(neulral) to green :lS the R-12 comes in contact 
with the> reactor plate. The shade or green will 
depend upon the relative amount of R-12 present; 
a pale r,reen Indicates small concentrations and 
a darker green shows heavier concentrations. 
Excess ive quantities or R-12 will cause the flame 
to burn wit h a vivid purple colot". Extr eme con­
centrations of R-12 may extiugu i~h the flame by 
crowdlni: out the oxygen avallable from the air . 

When a halide leak detector ls used, best 
results arc obtained If the following precautions 
arc Observed: 

1. Be sure that the reactor 11l:1tc is properly 
in place. 

2. A<ljust the !lame so that It does not 
extend beyond the end or the but•ner . (A small 
!lamo Is mur.h more sensitive thnn · a lltrge 

rru FLAME SHIELD 

REllCTION 
PLATE 

MIXER 

0~-NEEOl.E 
VALVE 

FUEL TANK 

EXPLORING HOSE 47 .105 
Figure 12-3.-Ralide leak detector. 

flame. If difficulty Is experienced In lighting 
the tor ch when It is adjusted to produce the 
necessary small flame, block the end or the ex­
ploring hose until the fuel ignites; thengrac:klally 
open tho hose .) 

3. Clean out the exploring tube If tho tlnme 
continues to have n white 0 1· yellow co lor. ( A 
white 01· yellow !lame indicates that the ex­
ploring rube Is partially blocked with dirt.) 

4. Check to see that air Is being drawn 
into the exploring tube; this check can be made, 
from time to time, by holding lho end of the tube 
close to your ear. 

5. Hold the end or the exploring tube close 
to the joint being tested; this l>revents dllut ion 
of tho sample by Sh'liy air currents. 

6. Move the end of the exploring hose tube 
slowly and complete ly around each joint beinr; 
tested. (Leak testing cannot be safe ly hurried. 
There ls a definite time lag between the moment 
wben air enters the exploring tube and the 
moment it reaches the reactor plate; permit 
suUicient time for the sample to reach the 
r eactor l>l•t e .) 

7. 1! a greenish flame is note ct at any 
lime. repeat the rest ill the same vlcinny 
until the snur<'e or I.he refrige1·an1 Is de­
ter m lncci . 
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A halide leak detector is so sensitive that 
it ls use less if the compartment is contaminated 
by excessive leakage of R-12. This is most 
like ly to happen in a small or poorly venlilated 
con1partrne11t. lf the co1npartrr1ent is contan1i­
nated by R-12 and cannot be ventilated, the 
SOAPSUDS '!'EST must be used. 

Prepare the soap-and- water solut ion so 
that it has ihe consistency of liquid hand 
soap, and will wor k up a lather on a brush. 
(The lather will remain wet for a longer period 
if a few dt·ops of glycerin ar e added to the 
solution .) 

Apply the lather all the way around the joint; 
then look carefully for bubbles . If a joint is so 
located that a part of it is not visible, use a 
sn1all n1irror v.·hen inspecting it. Renien1ber 
that it sometimes takes a minute or more for 
bubbles to appear. if the leak is small. Doubt­
ful spots should be lathered and examined a 
second time . 

Always follow a definite procedur e in testing 
for refriget·ant leaks, so that no joints will be 
missed. Even the smallest. leak is not. to be 
considered neglig ible . HO\\•ever insignificant 
the leak may seem, it eventually empties the 
system of its charge to the point of faulty 
plant operation. Because R-12 is practically 
odor less, the first indication that leakage exists 
is the Joss of refrigerating effect. The extra time 
spent in test ing all joints will be justified. A re ­
frigerant system should never be rechar ged until 
a ll leaks are discovered and definitely r epaired. 

Never use oil to test for R-12 leaks. Oil ls 
not reliable because of the capacity of tho oil 
for absorbing H-12. If a s ma ll leak should 
exist where oil has been applied, the R- 12 
will be absorbed by the oil and will show no indi­
cation (bubbles) of the leak until the oil i.s 
saturated with R-12. Further more, if a halide 
leak detector is used to test a joint that has 
been tested previously \\' ith oil, the flame will 
give a false indication because of the R-12 re­
leased from the oil. 

TESTING FOR AIR AND 
NONCONDENSABLE GASES 

It is essential that every reasonable pre­
cautio11 be taken to keep air and noncondensable 
gases out of a refrigerant system. When air 
enters the systern the conclenset." Jnust be 
purged, with a result am loss of refrigerant. 
Atmospheric air always contains some n1oisture, 
v.'hich v;ill enter the systcn1 \\'hen air docs. 

A r efrigerant system must be kept as moistur e­
free as possible to eliminate such troubles 
as the freezing of water at the expansion 
valves, inter nal oxidation or corrosion of parts, 
and emulsification or sludging of lubricating 
oils. 

Air andnoncondensable gases in a refrigerant 
system are pumped through the system and are 
discharged by the compressor hlto the con­
denser . These gases are trapped in the con­
denser by the liquid seal ma intained over the 
r eceiver outlet. These gases are, in general, 
lighter than the r elatively dense R-12 vapor; 
lhey tend to collect, therefore, in the upper pad 
of the condenser when the compressor is stopped. 
The purge valve for dischar ging these gases 
to the atmosphere is located either in the upper 
part of the condenser shell or in the compressor 
discharge line above the condenser. While the 
con1pressor is in operation, any noncondensable 
gases in the system are thoroughly mixed with the 
R-12 vapor . This mtxlng is caused by the turbu­
lence produced by the rapidly pulsating discharge 
of refrigerant into the condenser. Therefore, 
it is not advisable to attempt to purge non­
condensable gases from the system while the 
compressor is in operation. Noncondensablc 
gases in a condenser cause excessive condensing 
pr essures with a resultant loss in plant 
efficiency. 

The best time to check an R- 12 system for 
noncondensable gases is immediately before 
the compressor is started after a shutdown 
period. When a condenser is to be checked for 
noncondensable gases, it is essential that the 
gages anct thermometers used be accur ate and 
that the system have sufficient refrigerant 
charge so that the liquid refrigerant present 
in the receiver will sea l the liquid- line 
connection. 

The following procedure should be followed 
when checking a refrigerant system for non­
condensable gases: 

l. Close the main liquid line shut off valve. 
2 . Secure the compressor so that it will 

not start during this check out ope1·ation. 
3. If a discharge pr essure gage is not 

permanently installecl in the system, a service 
or test gage should be insfallecl in the compressor 
discha1·ge . Also, if a r efrigerant liquid line 
therrnometer is not installed1 a thern10111eter 
should be fastened to the refrigerant liquid line 
adjacent to the receiver outlet. !fa thermometer 
is not installe<l in a syste1n having an air -cooled 
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condenser, one should be placed near the con­
denser to indicate the ambient temperatur e 
at that location . 

4. When the discharge pressure gage is 
steacty and no noticealJle clecreasc in condensing 
p1·essure ls noted, lhe liquid r efrigerant temp­
erature shown on the liquid line thermometer 
should be r eco1·ded. This is the r efrige rant con­
densing ten1pc rature . 

5. From the corresponding r efrigerant tem­
perature scale on the discharge pressure gage, 
or from a refrigerant prcssure-ten1pet~ature 
convei·sion chart, r ead and r ecord the condens­
ing temperahn·e correspond ing to the condensing 
pressure indicated by the discha1·ge pressure 
gage . 

6. Subtract the condensing temperature, 
laken from the liquid line the1·mometer, from 
the corresponding condensing tempe rature in­
dicated by the pressure shown on the discha1·ge 
gage . If the condensing temperature indicated 
by the discharge gage isgr eatcrby 5"F(or mor e) 
than the condensing temperatur e shown by the 
liqu id line thcnnometer, the condenser shou ld 
be purged ol noncondensable gases. 

I! the preced\ng test indicates tile need for 
PURGING, s l<>wly r e lM Se the noncondensable 
gases. Wtten a purge va lve is nol provided, 
purge the gases by open ing the discharge p1·cs­
sure gage connection. 

The pro1?ortion of 1!-12 gas that will mix 
with the noncolldensable gases and escape while 
the condense r is being purged will depend upon 
the rate of purging and upon the concentration 
of the noncondensable gases in the condenser. 
No practica l test is available aboard ship to 
determine definite!~ when an excessively bigh 
proportion or 11-12 gas ls being purged with U1e 
nonconctensable gases. To keep the R -1 2 loss 
to a minin1un1 \\•hen the condenser is l>eing 
purged, purge slowly; and frequently check the 
condenser for noncondensable gases . 

H- 12 is odorless in concent r ations or less 
than 20 percent by volume in air; iJ1 heavier 
concenlrations, however, it rcse1nblet) ca1·bon 
l<llrachloride in odor. If you can get c lose to the 
purge- valve discharge, you m:ty be able to 
delermine by the odor or the purged gases when 
p1u·ging should be discontinued and wben the 
check for noncondensable gases should be re­
peated. PrtOTECT YOUR gyEs WITH 
GOGGLES when you ar e checking the odor of 
purged gases. 

CHARGING THE SYSTEM 

A refrigc1·ating system should have an ade­
quate charge of r efriger:u1l at all times; other­
wise its efficiency and capac ity will be impaired. 
The amount oC r e frigerant charge must be s11f­
ficient to maintain a liquid seal between the con­
densing and evaporating sides. When the low 
pressure switch stops the compressor, the 
liq11id receiver of a properly charged system is 
generally about 85 percent full of r efriger ant. 
The relrige1·ant charge necessary for an indi­
vidual plant is usually stated in tbe manufac­
turer's technical manual or ou the ship's 
clraw!ngs . 

The dehydratoi-, located in the liquid line 
bet ween the r ece iver and the evaportttor, sboul<I 
be put into service when charging (adding) H- 12 
to t11e system, or when the presence of moistt11·e 
in the system Is suspecte d. On systems that 
have moisture indicators the clehydr:itor should 
be used any lime the indicator does not show 
completely dry. The dehydrator cartridges 
should be changed when the indicator continues 
to give an indicat ion of moisture in the system 
after 36 hours of dehych·ator use. 

To charge addit ional R-12 into a r ef\-iger at­
ing system, the entire system should be checked 
for leaks, and the following procedure used: 

I. Weigh lhe service cylinders to be used 
to charge the syslem . and determine the weight 
of r e frigerant contained In them 1,y comparing 
the total weight with the weight stamped on 
eacl1 cylinder. It is impor tant to know how 
much r efr igerant is added to the system. The 
amount of ren-iger ant charged may be 
de termined by mounlinr; (he charging drum on 
a sc:ilc and not ing cl1e Joss of weight ns charg­
ing progresses. 

2. Connect one of the service ru·ums t<> the 
S)'Stcm chai·ging connect ion. 

3. Open the cylinde r valve slightly, and 
blow out the air in the cha1·g ing line . 

4. Close the cylinde r valve and tighten the 
connection. 

5. Open the cylinder valve slightly, and 
test the charging line and its connections for 
leaks . 

6. Close the l iquid line valves In the dis ­
cha1·ge lines from the r eceiver . Where the 
dehydrator is ln a liquid line bypass arrange­
ment, c lose tile liquic\ line valve 1.>elween the 
dehydrator connections to the main liquid-line 
and see that tho valves in the dehydrator lin~ 
a1·e open. 
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7 , Close the bypass valves around the liquid 
control valve assemblies and around the suction 
pressure regulating valves, if installed. 

8. See that the coils of the solenoid valve 
are energl:z.ed and that the automatic control 
equipment ls working properly. 

9. If the system Is equipped with a cross­
connect ing line betv,.een tbe condenser inlet 
connections, close the stop valves In this line . 

10. Start one of the compressors on AUTO­
MATIC control, and observe all starting pre­
cautions. (Avoid rapid pumping down of the 
crankcase pressure; rapid r ewct!on In crank­
case pressure will cause violent bolllng and 
foaming of the lubricating oil as the R-12 
absorbed by the oil is released.) 

11. U the system is equipped with water­
cooled condensers, see that there ls sufficient 
cir cu la ting water to maintain the condensing 
pressure at 125 psig. In addition, see that 
the condenser water che~ts are properly 
vented. 

12. Open the refrigerant cylinder valve and 
tbe charging valve. With the compressor op­
erating, liquid refrigerant wUI flow into the 
system liquid line. After sufficient refrigerant 
has been added, check for system Jealcs; close 
the refrigerant cylinder valve and the system 
charging valve . Then open tile receiver liquid 
line valve to place the system In operation. 

13. H the system charging connection is 
locatecl In the compressor suction line, iiradually 
open the liquid valve at the discharge of the 
receiver of the compressor unit. Then open the 
valves ln the charging line and operate the 
compressor until the r equired amount ol re­
frigerant has been charged Into lhe system. 
When charging into the suction (low side) or 
the system, keep the refrigerant cylinder upright 
and charge vaPQr only. (U additional service 
drums are required, the charging line should 
always be pumped down befo1·e the drum Is clis­
connocted,) 

CHECKING COMPRESSOR OIL 

H tile apparent oil level observed Immediately 
after a prolonged shutdown perlod is lower 
than normal, it is almost certain that the 
actual working oil level is far too low. After 
a sufficient quantity of oil has been added to 
raise the apparent oil level to the center of 
the bull's-eye sight-glass, the actual oil leve l 
should be checked as follows: 

1. Operate thecompressoronMANUALcon­
trol for at least one hour. Then slowly close 
the suction line stop valve. Uthe compressor 
is operating on a water cooler or other coil 
which Is ape to freeze, observe the tempera­
ture and Interrupt compr essor operation as 
necessm·y lO prevent freez ing. Repeat cycling 
until tho total running time (one hour) ls 
obtalned. 

2. Stop the compr essor. If the compressor 
is force lub1·lcated, immediately observe the 
oil level ln the sight- glass. If the compressor 
is splasl1 lubricated, turn the flywheel until 
the cranksh:llt and connecting rod ends are 
immersed In the lubricating oU, then check 
the oil I eve I. 

When tile compressor has been running on 
its normal cycle, with no abnormal shuldown 
period, the oil level should be checked as 
follows: 

1. Walt until the encl of a period oC opera­
tion; if the operation is continuous, wait until 
the compressor has been in operation at least 
1/2 hour, then stop the compressor. 

2. As soon as tile compressor stops, observe 
the oil level in the sight-glass on forced­
Jubricated compressors. Uthe compressor is 
splash lubricated, turn the flywheel until the 
cunk~lrnft and connecting rod ends are satis­
factorily lmmc1·sc<l in the lubricating oil; then 
check the oll level. 

Do not remove oil from the crankcase 
because of an apparent high level unless too 
much oil has been previously added, or unless 
it is apparent that oil from the crankcase of 
one compressor of the plant bas been Inad­
vertently deposited in the crankcase or another. 

However, if the oil !eve 1 is lower than 
its r ecommended height on t11e glass, a suffic ient 
quantity or oil should be added to obtain lhc 
desired le vel. Do not add more oil than is 
necessary; too much oil can result ln excesslve 
oil transfer to the cooling coils. 

Adding Oil 

The1·e are two common methods of adding 
oil to a compressor . In one type of Installation, 
a small oil-charging pump is furnished for add­
ing oil to \he compressor crankcase. In another 
type, oil Is placed In the compresso1• by means 
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of a clean, well-dried funnel. !neither installa­
tion, care must be taken to prevent the entrance 
or air or foreign matter Into the compressor . 

Wh.en performing hourly checks or the com­
pressors. it may be observed that there ls no 
oil in the crankcase , or a very low oil level on 
the sight-glass. This Indicates that the oil llas 
lcn the compressor and ts circulating in the 
system; and it will be necessary to add oil and 
operate the system. After the compressor has 
reclaimed the excessive oil In the system, the 
excess oil should be drained. 

Removing Oil 

To remove oil rrom the compressor crank­
cue, the pressure In the crankcase should be 
reduced to appr oximately 1 psi b;• gradually 
closing the suction line stop vah'e . Then the 
compressor should be stop1led. and the suction 
and discharge line valves c losed. the lubricat­
ing oil drain plug near the bottom or the r.om­
pressor c1·a11kcase loosened, and the r equh·ed 
amount or oil allowed to drain out. Since the 
compressor crankcase Is under a slight pres­
sure, the drain plug should not be complctoly 
removed Crom the compressor; the oil should 
be allowed to seep out around the threads or 
the loosened plug. When the desired amount 
of oil has been removed, the drain plug shou Id 
be tightened, the suction and discharge lino 
valves 01xmed, and the compressor started. 
II an oil ch·ain valve ls provided in lieu of a plug, 
tho required amount of oil may be drained 
without pumping down the compressor. 

Renewing the Lubricating OU Charge 

When clean copper tubing is used Cor R-12 
systems, and reasonable cnre has been ta.ken 
to p1·ewnt the ent1·ancc of foreign matter and 
moisture during lnstallatton, the oil In the com­
pressor crankcase will probably not become HO 
contaminated that It requires frequent renewal. 
(NOTE: It Is not necessary to change the oil 
unless the color or other indications of adverse 
conditions show that the oil should be changed.) 
When iron or steel pipe and fittings are used 
ln the 11-12 system, a sample of oil from the 
compressor crankcase s hou ld be withdr awn Into 
a clean glass container eve1·y 3 months. II the 
s.'mple shows con tam inat lon . the entire lubr lcat­
inlt' otl charge should be renewed. It is ~ood 
prnctlce to check the cleanliness or the lubrl­
ca11ng oil arter each <'leaning of the compressor 
suction scale trap. 
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Care or V-1Jells 

Sells must be properly tightened. Excessive 
looseness will cause slippage, rapid wear, and 
deterioration or V-belts . On the other hand, a 
be lt that ls too tight will cause excessive wear 
or both the bell and the main bearing of the com­
pressor. b1 extreme cases It may cause a bad 
seal leak. When properly tightened, a belt can 
be depressed 1/2 to 3/ 4 inch, by the pressure 
of one finger, at a point midway between the 
flywheel and the motor pulleys. 

When replacement of one belt or a mult iple 
V-belt drive ls necessary, a complete new set 
or matched belts should be Installed. Belts 
stretch considerably dur ing the first few hours 
of operation. RepL.i.cement of a single belt will 
upset the load balance between the new and old 
bells and wlll be a potential source or trouble. 
n Is better practice to run the unit temporarily 
with a defective belt re moved than to attempt to 
operate a new belt ln conjunction with two or 
more seasoned belts. 

V- belts, motor pulleys, l\lld compressor 
flywheels should be kept dry and free of oil . 
Seit dressing should never be used. 

TESTC>G AND RENEWING 
COMPnESSOn DISCHARGE AND 
SUCTION VALVES 

An R-12 compressor SHOU LO NOT BE 
OPENED for vnlve Inspection or rcptncement 
until it has been determined that the faulty 
operation of 1he system is caused by Improper 
functioning or the valves. Faulty compressor 
valves may be Indicated by :\ gradual or by a 
sudden decrease In the normal compressor 
capacity. Either the compressor will rail to 
pump at all , or else the suction pressure cannot 
be pumped down to the desi~nod value, and the 
compressor will run for abnormally long in­
tervals (or oven continuously). If the compres­
sor shuts down !or short periods (short cycles). 
the compressor valves may be leaking. 

If the refrigeration plant is not operating 
satisfactorily, it will be best to rh·st sill!! 
the comp1·osso1·s auel then chOck the operation 
of the plaul. l.f the operation or the plant ls 
satisfactory when the conwressors have been 
shifted, this Indicates that the trouble was with 
the compressor . 

The compressor discharge valves may be 
tested by pumping down the compressor to 2 
psig, then stopping the compresso1·, and quickly 
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closing the suction and discharge line valves. 
If the discharge pressure drops al a rate in 
excess or S psi per minute and the c rankcase 
suction pressure rises, there Is evidence of 
compressor discharge valve leakage. I! it is 
necessary to r emove the discharge valves with 
the compressor pumped down, br eak the con­
nection lo the discharge pressure gage in order 
to release discharge pressur e on the head. 
Then r emove the compressor top beacl and 
discharge valve plate, being careful not to 
damage the gaskets. 

If the discharge valves are defective, the 
entire discharge valve assembly Should be 
replaced. Any attempt to rep:\tr the valve 
wou Id probably involve r e lapping, and would 
r equire highly specialized equipment. Except 
in an emergency, such repair shoulcl never be 
undertaken aboard ship. 

The compressor internal suction valves may 
be checked for leakage by performing these 
s teps: 

1. Start lhe compressor by using the manual 
control switch on the motor controller. 

2. Close Uie suction line stop valve gradu­
ally, to prevent violent foaming of the compres­
sor crankcase lubricating oil charge. 

3. Pump a vacuum or approximate ly 20 
inches or mercury . If this vacuum can be 
readily obtained, the compressor suction valves 
are satlsfnc tory. 

Do not expect the vacuum to be maintained 
after the compressor stops because R-12 being 
released from the crankcase oil will cause the 
pressure to rise. Do not attempt to clieck 
compressor suction vah•e efficiency of new 
R-12 units until after lhe compressor has been 
in operation for at least three d:l)'S. It may be 
necessary for the valves to wear in. 

However, if any of the comp1·essor valves 
are defective , the compressor should be pumped 
down, opened, and the valves lnspac te cl. Defec­
tive valves or pistons should be r ep laced with 
spare assemblies. 

CRANKSHAFT SEAL REPAIRS 

On reciprocating compressors, the crank­
shaft extends through the compressor housing to 
provide a mount for the pulley wbeel. At this 
point tho shart must be sealed to prevent leak­
age or lubricating oil and refrige rant. There 
aro scvcrt\l types of crankshaft seals, depend­
ing on lhe manufacturer. The crankshaft seal is 

bathed in lubricating oil at a pressur e equal lo 
the suction pressure of Uie r efrigerant. A 
worn or defective seal will leak r efrigerant prior 
10 a noticeable oil leak. 

When the seal requires replacement, or 
signs or abnormal wear or damage to the l'llnning 
surfaces ai·e present , a definite reason for the 
abnormal <:onditlons exists and an Inspection 
should be made . It is very important lo locate 
and correct the troulile or the failure will r e ­
occur. 

Seal failure is very often the r esu It or faulty 
lubrication, usually due to the condition of the 
crankcase oil. Dirty or contaminated oil is 
generally caused by one or both or the following 
conditions: 

1, Dirt or foreign material In lhe system 
or system piping. Oirt frequently e11ters the 
system at the time of installation. After a 
pe1·iod of ope ration, foreign material will always 
accumulate in the comp1·essor crankcase, tend· 
Ing to concentrate in the oil chamber surrounding 
U1e shaft seal. When the oil contains grit, it is 
only a maltci· or t ime until the highly fini shed 
running faces become damaged, causing failure 
or the shaft seal. 

2. Moisture Is frequently the cause of an 
acid condition or lite lubricating oll. Oil ln this 
condition wlll not provide satisfactory lubrica­
tion and will promote failure or the compressor 
parts. If tile presence of moisture is suspected, 
a dryer s hould be used when the compressor is 
put into operation. At any time fore ign materi.~l 
is found In the lubricating oil, lhe entire system 
(piping, valves, and strainers) shouldbecleaned 
thoroughly. 

Removing and Installing a Shatt Seal 

Jn I.he evenl a shaft seal must be r epaired or 
r enewed, lite following procedur es should be 
accompllshed: 

Drain the oil from lhe compt·essor crank­
case. Since the oil contains refrigerant, it will 
roam while being drained. The oil drain valve 
or plug should be le ft open while working on the 
seal, so that r efrigeran< escaping from the oil 
remaining in the c rankcase will not build up a 
pressure-and unexpectedly blow out the seal 
while it is being removed. 

Remove the compressor flywhee l (or cou­
pling) Md car efully r emove the shaft seal as­
sembly. Tf the asse mbly canuot be r eadily 
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removed, build up a slight pr essut•e in the com­
pl'essor crankcase by slightly opening the com­
pressor suction valve, taking the necessary 
precautions to support the seal to prevent It 
from being blown from the compressot' and 
damaged. 

When the replacement is made, the entire 
seal assembly should be replaced. n1e parts 
should be clean and should be l'eplaced in ac­
co1·ctance with the manufacture r 's instructions. 

See that the shaft is c lean, then unwrap the 
seal, being careful not to touch the bearing 
surfaces with the hands. Rinse the seal in an 
appr oved solvent anct allow to air-dry. (Do not 
wipe the seal dry.) Dip the sea l in clean re ­
frigerant oil. In sett the assembly in accordance 
with manufacnirer's instructions and bolt the 
seal cover in place, tightening tile bolts evenly . 
Replace the flywheel and belts and test lhe \lllit 
for leaks by opening the suction and discharge 
valves and using a halide leak detector . 

Lapping a Shaft Seal 

On some compressors, \t is possible to lap 
in a seal. Due to the difficulty of propel'ly 
lapping the rubbing surfaces of a shaft seal, 
a seal leak should be corr ected by renewing 
the assembly. If. however, a new shaft seal 
Is not available, and It Is poss lb le to use the 
existing seal lly re fin ishlng the rubbing surfaces, 
the seal can be lapped as follows: Thoroughly 
clean the surfaces of the shaft shoulder and 
seal coll.ax. and lap the back of the shaft seal 
collar to the crankshaft shoulder. This point 
must form an absolute seal so lhe importruice 
of this lapping cannot be overemphasized. Only 
jewe ler's rouge or the equivalent should be used 
for the lapping. The abrasive must be used 
sparingly to avoid getting it int.o the shaft. 
bearings or crankcase. As the lappb1g proceeds, 
use less and less abrasive and finish the lapping 
with compressor lubricating oil. 

After the lapping has been completed, 
thoroughly clean the shaft shottlde1· and permit 
It to dl'y without wiplng. With the shaft seal 
shoulder and collar dry and c lean, lap the two 
surfaces together as a final lapph1g operation. 
The surfaces ar e properly lapped when the 
surface of both the shaft shoulder and the s haft 
seal collar form a perfect contact and are fr~e 
of all mars, scratches, or other Imperfections. 
it ls good praclicc to make the final examination 
with the a id of a good magnifying glass. 

In some Instances, a molded synthetic rubber 
gasket is provided instead of the metal-to-metal 
joint between the shalt seal collar and the 
craitkshaft shoulder . In any case, it Is extremely 
important that these parts be proper ly fitted and 
that the gasket be kept in good condition in order 
that a t ight seal be maintained at this point. 

When a shaft seal is lapped bi, it should be 
r egarded as a tempo1·a1·y repair and a new 
assembly should be installed as soon as possible. 

SETTING CONTROL AND SAFETY 
DEVICES 

A refrigeration plant cannot ope1·ate 
EFFICIENTLY and SAFELY unless the control 
and safety devices ar e in good working order 
and set pr oper ly. When a new·control or safety 
device is instal led in a refrigeL·~tion systen1 . 
it must be adjusted or set to function al pres­
sures or temperatures in accordance with the 
plallt design . Periodic tests and inspections 
may indicate faulty plant ope1·atlon that is 
due to imprope rly adjusted control or safety 
devices. 

This section contains information on some 
of the more common types of control ancl safety 
devices usecl by the Navy. 

The methOds of setting the low pressure 
switch. the water-failure switch, and the thermo­
static switch ar e similar ; however , these 
switches differ as to oper ating ran~e. purpose. 
and setting. Also, the high pressure switch 
and the water-failure switch are safety devices 
while the low presS11re switch and the the1·mo­
slalic switches a r e control devices. 

Fo: detailed infor mation, consult BuShips 
Technical Manual and the manufacturer's techrit­
cal manuals. 

The \UGH PRESSURE SW!TCf! has an opera­
ting r ange of 60 to 350 psig and an adjustable 
differentia l (difference between the cut-in point 
and cutout point) . · The switch shou Id be set 
to cut out at 160 psig ;Uld to cut in al 140 pslg. 
To set the switch, first remove the cover 
plate . '!'hen tile two adjusting screws; one 
labeled diffe1·e11tial, Ute other lal>e led range. 
are easily accessible . 1\Jrning the range ad­
justing ~crew to the right 1·aises both tbe cut-In 
pobil and cutout Point. 1\1rning it to the left 
lowers these points . '!'he different ia l adjust­
ment affects only the cutout point. Turning 
it to the right raises the cutout point anct turn­
ing it to the left lowers the cutout point. Start 
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the compressor and control the discharge pres­
sure by thrott ling the circulating water through 
the condenser . Turn the differential screw all 
the way to the lc!t and turn the range screw 
all the way to the right . Raise the compressor 
discharge to 150 psig. 'I\J1·n the range screw to 
the loft until the contactor in the switch opens, 
thereby stopping the compressor . When the dis­
charge pressure drops to 140 psig, t\lrn the 
range screw to the right until the contacts close, 
starting the compressor. The cut-in point Is 
nov.· set. With the compressor running, turn the 
di!Cercnlial screw all the way to the right , then 
raise the discharge pressure to 160 psi11:. T\lrn 
the dltfercntial screw to the left until the co11-
tacts open, stopping the con1pressor. The cutout 
point is now set . 

The LOW PRESSURE SWITCH has an oper­
ating range of 20 inches of vacuum to 80 pslg 
and an operating differential or 9 psig to 3-0 pslg. 

To set the low pressure switch, start the 
compressor and control the suction pressure by 
throttling the compressor suc tion valve, Turn 
tile range and differentia l adjustment screws to 
the left. LOwer the suction pressure to about 10 
psig below the desired cut-in pressure and l\lrn 
lhe range screw to the right until the switch 
contacts open, stopping the compressor. Allow 
the suction pressure to rise to the desired cut­
in pressure and turn rnnge screw to the left 
until the s witch contacts c lose, starting the 
compressor. The cut-in point is now set . Turn 
the differential screw all the way to the right, 
throttle the suction valve to lower the suction, 
pressure to the desired cutout pressure . Turn 
the differential screw to the Jett, until lhe 
switch contacts open, stopping the compressor. 
The cutout point is now set. 

The WATER-FAILURE SWITCH should be 
set to cut in at 15 psig and to cut out at 5 psig. 
To sat the water-failure s witch, turn the dif­
ferential sc l·ew to the left limit for minimum 
differential since the required differential (dif­
ference between cut- In and cutout points) is 
10 psig. Throttle water overboard valve until 
a pressure or 15 psig Is maintained at !he 
condenser inlet. Turn range screw clockwise 
until the switch contacts open, then turn counter­
clockwise slowly unt il contacts close. Slowly 
shut off water supply, dec1·eas lng the pressure. 
The contacts should open at 5 pslg. 

The THERMOSTATIC SWITCH which op­
erates lhe solenoid valve is similar to the low 
pressure switch. Tubing connects a bellows 
in the thermostatic switch to a thermal bulb ln 

the compartment being cooled. The thermal bulb 
and tubing are charged with R-12 or some other 
volatile liquid. Temperat\lre changes In the re­
frigerated compartment cause corresponding 
pr essure changes or the actuating medium in the 
thermal bulb. These pressure changes are 
transmitted to the thermostatic switch, through 
the connecting tubing. To set or tldjusllhe cut -in 
and cutout points or the ther mostatic switch, lhe 
same proced\lre is used as In setting and ad­
j\lsting the low pressure switch. 

In actual practice, the refrigerant is super­
heated as we ll as subcooled during the process 
of the refrigeration cycle. Superheating occur s 
in the cooling co il and suction refrige rant line 
due to the absorption of l1eat after evaporation 
between the cold vapor and warmer piping. 
Superbeatlng Is advisable in practice because it 
assures complete vaporization of all of the 
liquid refrigerant before it enters the compres­
sor . As Car as the superheat setting of the 
T HERMAL EXPANSION VALVE is concerned, 
the valve is !nctory set and selclom needs ad­
justment , 'T'o change the superhoal setting, 
r emove the cap on the external superheat adjust­
ment. By using a screwdriver, the adjusting 
screw can be turned to lhc righl to increase the 
superheat or lm·ned to the left to de<:rease the 
S\lperheat. One complete l\lrn or the adjusting 
screw will raise or lower the supcl"lteat approxi­
mate ly 2.0 .F. 

The WATER REGULATINGVA LVEshouldbo 
adjusted to ma intain a compressor discharge 
pressure of approximately 125 pslg. To raise 
the valve opening point, turn the adjusting nms 
(sec fig. 12-4) clockWise, increasing lension on 
the main springs. Increasing main spring tension 
increases the amount of pressure required to 
open the valve . Turning tt1e adjusting nuts 
counterc lockwise decreases the 111ain spr ing 
tension, therefore decr easing the amount of 
pressure r equired to open the valve . If the 
ambient temperature is high, pressure (gas) in 
lhe compressor dischar ge line and condenser 
may remain high and cause the water regulating 
valve to p.~rtly open when the compressor is idle. 
In such instances , the point or valve opening 
sho\lld be raised just enough to cause the valve 
to close during compressor shutdown. 

The valve may be flushed by opening it with 
an outside Corce; a screwdriver or similar tool 
may be used lo force the spring yoke. 

When condenser circulating water is obtained 
from the firemain, the pressure must be reduced. 
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47.100 
l,igurc 12-4..-Water regulating valve. 

For this pressure reduction, an AUTOMATIC 
REDUC ING VALVE is installed in the branch 
line leading from the firemain to the condenser. 
The reduc ing valve is installed just ahead of 
the r egu lat1ng valve . The outlet pressure can 
be varied by turning the adjusting screw, which 
Is located under the cap. Turning the adjusting 
screw clockwise increases the pressure applied 
by the spring lo the top of the diaphragm, thus 
opening the valve wider and increasing the outlet 
pressure. 'l\lrning the adjusting screw counter ­
clockwise decreases the spring 1>ressure on the 
top of the diaphragm, thus t.ending to decr ease 
the discharge pressur e. 

SAFETY PRECAUTIONS 

Refrigerants arc fUrnished in cylinders for 
use in shipboard refrigeration systems. The 
following precautions must be observed by 
personne l handling, using, and storing these 
cylinde l' s: 

l. Never drop cylinders nor permit them to 
strike each other violently . 

2. Never use a lifting magnet or a sling 
(rope or chain) when handling cylinders. A 
crane may be used i( a safe c r adle or platform 
is pl·ovided to hold the cylinders. 

3. Caps provided for valve protection must 
be kept on cylinders except when the cylinders 
are be ing used. 

4. Whenever refrigerant Is discharged from 
a cylinder, the cylinder should be weighed 
immediately and the weight or the refrige­
rant r emaining in the cylinder sh0<1ld be 
recorded. 

5. Never attempt to mix gases in a cylinder. 
6. NEVER put the wrong refrigerant Into a 

r efriger ation system: No refrigerant except the 
one fo1· which the system was designed should 
evel· be intl'Oduced into the system. Jn some 
cases, r>tttlng the wrong refrlgerru1t into a 
system may cause a violent explos ion. 

7. \Vhen a cylinder has been emptied, c lose 
the cylinder va lve immediate ly to pl'eve11t the 
entrance or air . moisture, or dirt . Also, be 
sure to replace the valve protection cap. 

8. Never use cylinders for any purpose 
other than their intended purpose . DO NOT 
use thc111 as rollers. supports, etc . 

9 . DO NOT tamper with the safety devices 
in \he valves or cylinders. 

10. Open cylinder valves slowly. Never use 
wrenches or other tools except those provided 
by the manufacturer. 

11. Make sure that the tllreads on r egu lators 
or other connections are the same as those on 
the cylinder valve outlets. Neve r force con­
nections that do not fit. 

12. Regulators and pressure gages provided 
for use with a particular gas must NOT be used 
on cylinders containing other gases. 

13. ·Never attempt to repair or alter cyl­
inders Ol' valves. 

14. Never fill f!- 12 cylinders beyond 80 
percent of capac ity. 

15. Whenever possible, store cy linders in a 
cool, dry p lace, in an upright position. If the 
cylinders arc exposed to excessive heal, a 
dangerous increase In pressure will occur . U 
cylinders must be stored in the open. take care 
that they are protected against ext rem es of 
weather. NEVER allow a cylinder to be sub­
jected to a temperature above 125°F. 

16. NEVER allow R- 12 to come ln contact 
with a flame 01· r ed-hot metal! When exposed 
to excessive ly high temperatures, R-12 breaks 
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down into PHOSGENE gas, an extremely poi­
sonous S11bst.ance. Because R- 12 is such a 
po\verful freezing agent that e ven a very s n1all 
amount can freeze the delicate tisS11es of the 
eyes, causing permanent damage; ii is essential 
that goggles be worn by all personne l who may be 
exposed to a refrigerant, particularly in its 
liquid form. If refrigerant does get in the eyes, 
the person suffering the injur y should r ece ive 
medical tr eatment immediately in order to avoid 
permanent damage to the eyes. In the meantime, 
put drops of clean olive oil, mineral oil, or 
other nonirritat ing oil in the eyes, artd rnake 
sure that the pe rson does not r ub his eyes. 
CAUTION: Do not use anything except clean , 
nonirritating oil for this type of eye injury. 
(NOTE: If large leaks ar e indicated, the soap 
me thod should be used lo detect leaks; for 

minute leaks, the halide torch should be 
em ployed.) 

lf R-12 comes in contact with the skin, it 
may cause frostbite. This Injury should be 
treated as any other case of frostbite . Immerse 
the affected part in a warm bath for about 10 
minutes, then dry carefully. DO NOT rub or 
massage the affected area . 

R- 12 is considered a flu id of low toxicity. 
However , in c losed spaces, high concentr ations 
displace the oxygen in the a ir and thus do not 
sustain life. If a person should be over come by 
R-12 remove him IMMEDIATELY to a well­
ventilated place and get medical attention at the 
earliest opportunity. Watch his breathing. If 
the person is not breathing·, give artificial 
respiration . 
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CHAPTER 13 

AIR CONDITIONING EQUIPMENT 

Air conditioning is a field of engineering 
dealing with the design , construction, and op­
e rat ion of equipn1ent used in estab lishing and 
maintaining desirable indoor air conditions. It 
is the science of maintaining the atmospher e of 
an enclosure within specified limits of tempera­
ture , hun1ictity, and purity. As such, air condi­
tioning involves the cooling, healing, dehumidify­
ing, ventilating, and purifying of air. 

One of the chief put·poses of air conditioning 
is to keep the ship's cr ew comfortable, alert, 
and physically fil. The air of various compart­
ments must be of the right temperature, have 
the proper moistur e content, have contamination 
held within an acceptable level, be cil·culated 
properly, and have the cor r«:C l propor tion of 
oxygen. It must be remembered that the human 
body cannot long maintain a high level of effi­
ciency under adver se conditions. 

HO\.\'ever, the con1fort and fitness of the cre\v 
is not the only immediate purpose of air co1idi­
tioning. i\.1echanical cooling or venti lation mus t 
also be provided for an1munition spaces to pre­
vent deterioration of ammunition components; 
for gas storage spaces, to prevent excessive 
pressure buildup in conta iners and conl.aminat.ion 
from leakage in the space; and for e lectrical 
equipment spaces, to limit ambient (encom­
passbig) temperatm·e to that spec ifie cl rm· the 
equipment. 

This chapter covers general information 
concern ing the operation and n1aintenance of air 
condit ioning equipment used by the Nayy. Acl<li­
tiona l inforn1ation rnay be obtainccl fron1 chapter 
9380 (38) of BuShips Technical Manual. 

VENTILATION EQUIPMENT 

Since proper cir cu lat ion is the bas is of all 
ventilating and air conditioning systems and of 
related processes, information dealing with 
n1eans of c irculating air v»ill be conside red f irst.. 
The sect ions which follow contain information 

on equipment used to supply, circulate, and clis­
tribute fresh air, ancl to r emove use cl, polluted, 
and overheated air. 

Fans used on Navy ships in conjunction with 
supply and exhaust systems may be divic\ed into 
two general classes: axial flow and centrifugal. 
Most fans in cluct syste ms ar e of the axial flow 
type because ax ial flow fans generally require 
less space for installation. 

Centrifugal fans are generally prefenecl for 
exhaust systems handling explosive <Jr hot 
gases. The motors of these fans, being outside 
the air stream, cannot ignite the explosive 
gases. The motors are subject to overheating to 
a lessex degree than a.re n1otors of vaneaxial 
fans. H the temperatu re of the gases I:eing 
handled is very high, the heat transmitted to the 
motor, tlu·ough the shaft, may cause troulJle . 

VANE.AXIAL FANS (fig. 13-1) are high pres­
sure fans and ar e generally installed in duct 
systems. They are proviclecl with vanes at the 
discharge end to straighten out rotational air 
motion caused by the impeller. The motors for 
these fans are cooled by tne air in the duct. 
They will ovet·heat if operated with all air over 
the fan sh11t off. 

T U BEAXIA L FANS are low tYressure fans 
and are usually instalJed without cluct wot·k. 
Howe\•er . they do have sufficient pressure for 
a short length of ctuct. 

CENTRIFUGAL FANS (part A of fig . 13-2) 
are used 1>ri1nar ily, for exhaust ing explosive or 
J1ot gases. Jio,vever , they n1ay be used in lieu 
of a.x ial flow fans if they work in better with the 
arrangen1ent or if lheir pressure ... volun·1e char­
acteristics suit the installation better than an 
axial f low fan would. 

'f'he PORTABLE FANS (pal't B of fig . 13-2) 
with flexible afrhoses. are used aboard ship to 
ventilate compartments after painting. to exhaust 
flammable or toxic gases from closecl spaces 
and tanks, ancl to cool hot spots ;u·ouncl n1achin­
ery during repairs. 
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Figure 13-1.- Vaneaxial ventilating fan: A. Exte-rior viev.·. 
B. Cutaway vlew. C. Cutaway view of the fan motor . 
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Most of the portable fans ar e of the axial 
Clow type, driven by electr ic., explosion-proof 
nlot.or s . On ships carrying· g·asoline , a fe\Y· 
air turbine-driven centrifugal fans are nor­
mally provided. Greater confidence is placed ln 
the explosion-proof characteristics of these fans. 

BRACKET FANS are used in hol weather lo 
provioe local cir culation. Ttlese fans ar e usually 
installed in living, hospital, office , commissary, 
issuance. and berthing spaces on ships v1hich 
are not air conditioned . Wher e mechanical cool­
ing is employed, bracket fans are sometimes 
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Figure 13- 2.-Ventilating fans: A. Centriiugal fan . B. Portable axial fan. 

used to facilitate proper circulation and direc­
tion or cold air. 

When it Is necessary lo locate ventilat ion 
Intakes in exposed locations on weather decks 
to se2·ve spaces requiring conlinuoUsventilation, 
a bucket type WATER PROOF VEN'l'I LATOR is 
installed to exclude water . The waterpr oof ven­
tilator, shown in figure 13-3 cons ists of an outer 
housing, an inner ventilator sh~\ft extendingupto 
the outer housing, and a bucket-type closure 

supported over the ventilator sMCl by a com­
pression spring. The bucket is provided with 
drain tubes e xtending into a sump between the 
ventilator shaft and the outer housing. The sump 
is pr ovi<lcd with scupper valves. which ru·alli 
onto the weather deck. 

•rtte ventilator operates automatically, and 
is nol'mally open. Small quant ities or wate l' 
whjch enter the ventilator rail into the bucket 
and drain out through the drain tubes and 
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scuppers. In heavy seas, when water enters the 
bucket faster than It drains out. the weight of 
water forces the bucket down against the top 
of the ventilator shalt. Thus, a watertight seal 
is formed and maintained until SUlficient water 
drains out to permit the force or the spring to 
rnise the bucket to the open pos ition . Operating 
rrear is gene.rally provided, also, lo permit a 
manual c losing of the ventilator. With s light 
variations in construclion, this ventilator is 
used for botl1 the supp ly and exhaust of ail·. 

EXHAUSTS ai·e used to remove heat ancl 
objectionable odors at their source. Mac hinery 
spaces. laundries, and galleys ~u·e but a few 

INSPECTION PlAlE 
(Steel) 

IOP 
(Sloel) 

of the spaces aboard ship where exhausts are 
used. 

:'>1ost exhausts 011 l\avy ships are mechanical 
although natural exMusl is sometimes exten­
si\•ely utilized on small craft and in shlps' 
superstructures. 

MECHANICAL COOLING EQUIPMENT 

On the latest combatant sh ips, practically all 
parts of the ship, except machinery spaces, are 
air condi.tloned. To determine what equipment 
will most effectively lower the temperature of 
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Figure 13-3.-Watcrproof ventilator: A. Exterior view. B. Cutaway vlew. 
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compartment air and dehumidlty It, the Navy has 
tested several types of air cooling systems. 
Basically, these systems are refrigerant sys­
tems, wit.II their design and construction de ­
pending on the characteristics or the COOLDIG 
AGENT circulated through the system and on 
the PRINCIPLE OF OPERATION utilized, 

Cooling systems can be br oadly c lassified, 
according to the cooling agent circulated to the 
space to be cooled, as chilled-water cfrculat ing 
systems and as r efrigerant c irculating systems. 
Classified according to the principle or opera­
tion, the systems are: thermocomprcssion 
(steam jct), absorption, and vapor compression. 

For recommended temperatures for specific 
spaces, refer to the &ireau of Ships Technical 
Manual (chapter 9380) . 

REFRIGERANT CffiCULl\.TING SYSTEM 
(VAPOR COMPRESSION) 

The r efrigerant c irculating system (fig. 13-
4) Is essentia lly a shipboarclrefrige1·atingplant, 
consisting of a compressor , condenser, cool ing 
coils, ran, air filter, and the necessa1·y controls. 
R-12 Is used as the refrigerant :md cooling 
agent in systems or this type . R-12 is inflam­
mable, nontoxic, and bas suitable operatilig 
characteristics. particularly for shipboard re­
c iprocating compressors . 

Startlng Crom the space to be cooled, the a ir 
conditioning cyc le (see fig. 13-5) ts as follows: 
Tile hot, moist air from the ~pnce Is drawn 
through a duct or passage way, where it mixes 
with fresh alr drawn in from the outside. The fan 
blows the air over the cooling coll, and the 
refrigerant inside the coil cools the surface of 
the coll. These cold surfaces absorb the heat 
from the a Ir passing over them and condense 
the excess moisture. The moisture drlpsorr into 
a pan below the coil and is carried away by 
piping. The cool, dry air leaving the coil is 
blown into the compartment that is being air <lnn­
dilioned, where it absorbs the excess heat and 
moisture In I he space, and is then returned to 
the cooling coil. Air is exhausted from the space 
to allow for fresh air being drawn into the space . 
The cooling coils are installecl in duct systems 
leading to the spaces to be a Ir conditioned. 
Automatic and manual controls o.rc added 10 
regulate lhe operations of the air conditioning 
equipment. 

In general, the machinery and piping arrange­
ments of the ship's refrigerant system and of 
the refrigerant-circulating air conditioning sys­
tem are similar. 

Operating suction pressures and evaporator 
temperatures used in air conditioning systems 
are higher than those in reCrigeration systems. 
The difference in suction pressure results in 
a corresponding effect on the rated capacity of 
the compressor . 

In refrigerant-c irculating air conditioning 
systems, the thermostatic expansion valves are 
nor mally or the external equali.7.lni;- type. (All 
exte rna l equalizing connection is required where 
the r efrigerant pressure loss through the cooling 
coil ls of any consequence, such as, above 2 1/ 2 
poonds of alr conditioning, 1 1/2 poonds for 
middle r:mge refrigeration, and 1/2 poond for 
froz.en food applications .) Tbe internal equalizing 
port between lhe valve outlet and the spring 
chamber is eliminated; instead there ls an open­
ing, thro\1gh the valve, dir ectly into the spring 
chamber. By means of copper tubing the spr ing 
chamber ts connected to the cooling coll, beyond 
lhe point or greatest pressure drop. In a ir con­
ditioning plants, the external equalizer is re­
quired In lnstMces whel·e U1e pressure drop 
tlirough the cooling coil is 2 1/2 psi or more. 
or when multicircuit coils arc used. 

CHILLED WATER CffiCULATING 
SYSTJ::MS 

There are two air conditionini; systems cur­
rent ly in use, which circulate chilled water to 
the spaces to be cooled. One type operates cm lhe 
vapor compression cycle and R-11 or Cl- 12 is 
usecl as the primary refrigerant; the type of 
pr imary re Criger Mt used will depend on the size 
or the unit and the type of compressor installed. 
The other type or system operates on the 
absorption cycle and uses water as the primary 
and secondary refrigerants; lithium bromide 
is used as an absorbant. 

Cbillecl-W:\le1· Circulating System 
(Vapor Comp1·esslon) 

The vapor compression chilled-wate r cir­
culating system d iffers from a direct expansion 
air conditioning system in that the air condit ion­
ing is accomplished by a secondary refrigerant 
(chilled water) which is circulated to the various 
cooling coils. Heat fr.>m the air conditioned 
space ls absorbed by the chilled water ancI is 
removed from the water by the primary refrig­
erant system in the wa.te r chiller . In larger 
capacity air conditioning systems, the com­
pressor may be a centrifugal type thnt uses 

399 



ENGINEER ING, OPERATION AND MAINTENANCE 

l.P. 1·12 Ullll 
10 llWIOSIAll( IWll(I 

UNIT COOlll 

llQUIO COWTIOl NlX~OlO 

lllEINOMnm -=--- WAl(I llGUlAIOI um 
SI.& W.Ull OUT ] 

SlA Wlnt II 

wmt 
I Al Ill 
swnm 

• DUCT me COOllNG COii 

COMDUISll 

11. 1-12 UHll 

KING SOLENOID mvc 

SJUJIU 

INllMOllCTll 

rum mn 

UOUIO IECEIVlt 
'11611 HOW 

IKOJU101 

DOODIA101 

HJ. Hl LIGllD U. 1·12 LIGllll 

(NAIGING YAlYI 

47 .109 
Figure 13-4.-Typical shipboard refrigerant- circulating air conditiooing system. 

Refrigerant-! I as the primary refrigerant 
rather th:u1 a reciprocating type that uses R-12 . 

The operallng cycle of the cen1rifugal re­
frigerating machine (fig. 13-6) is basically the 
same as most ro friger a ting machines except for 
the method of compr ession. The r ofrigcrant 

vaPOr com lug from the cooler goes into an open­
ing around the hub of an impeller wheel. The 
blades in the rapidly r otating wheel Impart 
velocity and compress tile vapor . In a multi­
stage compr essor, the vapor is then clirected to 
the hub of an additional whee l 01· wheels. 'l'he 
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Figure 13-5.-Mechanical air-cooling cycle. 

vapor is compressed to a liout 12 psi and dis­
charged to the condenser. 

Between the condenser and the cooler on 
multistage units, lhe liqu id r efrigerant passes 
through an economizer. A float in the upper 
chamber of the economizer allows the passage 
of refrigerant into the lower chamber . By con­
necting the economizer lo the second stage of 
the compressor- the pressure in the lower 
chamber Is greatly reduced. This reduction of 
pressure causes some of lhe liquid refrigerant 
lo flash into vapor and cools the remainder of 
the refrlgo1·ant. Thus, the economize r acts as 
an inte1·slage flash cooler and increases the 
efficiency of the plant. A float In the lower 
chamber or the economizer allows the passage of 
the refrigerant into the cooler. In the cooler, the 
liquid refrigerant changes Its state to a vapor 
and in so doing absorbs beat from the water . 

Waler Is ~mped through lhe cooler (fig. 
13- 6) where It loses heat to the refrigerant. The 
water leaves the cooler at 45°F to 50°F and is 
directed to the compartments to be cooled. 

The centrifugal compressor (fig. l 3-6) is of 
the lwo-slage type and consists or Ille casing. 
r otor, bearings, shaft, impellers, nnd shaft 

seal. CentriJugal compr essors arc usually motor 
driven 1111·0\lgh a speed increasing gc ;u· which 
ensures pr oper compr essor speed with n stand­
ard SJ)tled molor. The speed increasing gear is 
of the double- helica l type . pr essure lubricated by 
a gear-type oil pump. which is driven from the 
comp1·essor shaft. 

Some centril\Jgal compressors are turbine 
driven ; in these compressors, a speed Increas­
ing gear is nol necessary. On recently built 
warships, singlll-stage centr ifugal compressors 
are used. 

The chilled-water cooler is of tho sholl and 
tube type . A gas baffle is insta llecl above the 
tubes to prevent the carr yover or liquid re­
frigerant Into the compr essor 8Uction. When 
the plant Is shut down. the normal refrigerant 
charge covers about 50 percent of the tubes; 
however, when the plant ls in 01ierallon, the 
boiling refrigerant covers all of the lubes. 

The following controls and safely devices are 
typical of those installed on a centrifugal r e­
frige1·ating system: (Control scllings are ap­
proximat.o since they will vary with differ ences 
in design.) 
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47 .110 
Figure 13-6.-Chillcd water Cir culating system, with a centrifugal compressor. 

1. The CONDENSER GAGE indicates \be 
pressure corresponding to the condensing 
te mperaturt: . 

2. The COOLER GAGE indicates the 
press\lre corresponding to t he evaporator 
temperature. 

3, The OIL GAGE indi<;ates the lube oil 
pressure within the lubr icating system. 

4. The HIGH PRESSURE SWITCH is actu­
ated by the condenser pressure and is set to 
cut in at 5 psig anct to cul out al 15 psig. 

5. T he COMPRESSOR LOW LUBE OIL 
PRESSURE SWITCH is actuated by the com­
pressor oil pressure and is set to c ut in at 12 
psig and to cul out a t 6 psig. 

6. The GEAR LOW LUBE OIL PRESSURE 
SWITCH is actuated by · the gear oil pr e ssure 
and is set to cul in al 15 psig and lo cul clut 
at 6 ps~c;. 

7. The CONDENSER WATER PRESSURE 
FAILURE SWITCH is actuated by the sea water 
pressure anct is set to cut in at 15 psig and to 
cut out at 5 psig. 

8. The CHILLED WATER DIFFERENTIAL 
PRESSURE FAILURE SWITCH is actuated by 
the chilled water pressure and ls set to cut in 
at 20 psig and to cut out at 16 psig. 

9 . The REFRIGERANT TEMPERATURE 
CONTROL SWITCH has its thermal bu lb located 
in the cooler . It is set to cut out at 30°f and lo 
cut in at 40 •F. 

10. T he C HILLED WATER TEMPERATURE 
CONTRO L SWITCH has its thermal bulb located 
in one of the tubes in the chilled-water c oole r. 
It is set. to cut out at 42°F and to cut in at 5o•F. 

11. The OIL HEATER START AND STOP 
BUTTON controls the e lectr ic heater locate d 
in the oil pump c hamber of the compressor . 
The oil heater limits the amount of refrigerant 
absorption dur ing shutdown. The heater should 
be turned on when the compressor is not r unning 
and turned off when the plru1t ls operating . 

T he contacts of all safety devices ar e closed 
when normal conditioos exis t. Opening the con­
tacts of any safety device stops the compressor. 
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After the cause or the abnormal condition has 
been determined and corr ected. the rompressor 
must be started in Ute usual way. 

The centrifugal refrigerating unit operates 
on the usual compression cycle . The cycle, 
starting at the rooler. is as rol!ows: 

The water flowing tlu·ough the cooler tubes 
is warmer than tile re frigerant on the outside 
of the tu lles. The heat transfer is from tha water 
to the r efr igcrtmt . The heat evaporates the re­
frigerant. The evaporated refrigerant (vapor) 
is drawn into the compressor bv the Cirst-stage 
impeller. The first - stage impeller compresses 
the vapor and discharges it to the second-stage 
impeller. Here it joins a stream or vapor 
coming from the economizer . Compression of 
the two streams is completed by the second 
stage and the compr essed vapor is dlscllarged 
to the condenser. 

In the condenser , the vapor condonses to a 
liqulrl and dt.,tins into Ute condenser floal cham­
ber. The dsing r efrigerant level opens the float 
valve a~cl allows the liquid r efrige1°t\l\t to pass 
into the economizer chamber which has a con­
nection to the second stage of the compressor . 
Enough of the liquid evaporates to cool the 
remainder to the temperature corresponding 
to the pressure in the economizer . As the liQUtd 
collects in the economizer float chamber , the 
rising level opens the float valve and a llows the 
liquid to pass to the cooler. 

Chilled-Watet· Ch·culating System 
(Absorption) 

The chilled-water circulating system which 
operates on the absorption cycle dlCCers Crom 
that whlch operates on the compression cycle 
in that it employs heat energy Instead of 
mech3Illcal cne1·gy to effect the ~h3Ilgo in con­
ditions necessary to complete the refrigeration 
cycle. The compressor is supplanted by a heater 
or generator. Gas, steam, or an t)lectric heating 
element mny be employed as a heal sou rce. Jn 
the system which oper ates on tl1e absorption 
cycle, a solution or lithium broml<le serves as 
an ab.sorbant that maintains the necessary 
vacuum to evaporate 3Ild chill the waler; lhe 
water is then pumped to the cooling coils . The 
lithium bromide-chilled water circulating sys­
tem is currently being used on some naval ships. 

The major parts of the system are two shell 
units. a heal exchanger, au eclucto1·, and pumps. 
One unit C()nlains the evaporator :me\ the ab­
sorber: the ot11e1· unit contains the lj'Cnoral.or and 

the condenser. (Sec rig. 13-7.) The heat ex­
changer, eductor, and pumps arc or conventional 
design. 

The evaporator consists primarily or a spray 
pipe and \\1:.lter tank or receiver. The inco1ning 
water is sprayed into the uppe1· halfoCthe shell. 
Chilled waler which has not vajl{\rlzed is col­
lectecl by the r eceiver part and rotumed to the 
chilled water system by means of a jl\l rnp . 

The absorber 1mit consists of :t lllhium bt·o­
mide Uquid solution spray pipe :u1d sea waler 
cooling coils. Salt water is pumped through these 
coils to cool the lithium bromide. The liquid 
solution Is collected in the bottom or the shell. 

The generator consists primarily of a steam 
coil, located in the bottom half or the shell. 
Steam, supplled by the ship, is passed through 
the tube nest to boil t.he liQUid lithium bromide 
in whiclt the tubes are submersed. 

Tho condenser unit consists of a cooling coil 
and a conclensate receiver or drain tank. Salt 
wate r which is pipen from the absorber cooling 
coil. flows through the tube ne:;t. 

In a lltllium bromide pl3Ilt, chilled water is 
sprayed Into a chamber wUbin the eva110rator 
in much the same manner as in the steam- jet 
refrigeration system (described in chapter 12 
of this publlcatlon) . The shell being under 
vacuum cRuses a small part of \he water to 
flash into v:1por. which cools the remaining 
water. 

The vacuum in the shell is olJtained by 
spraying a lithium bromide so lution over the 
cooling coils ol' the absorber unit. The amount 
of vacuum maintained in the uni( depends upon 
the concentration aJJd temperature or the solu­
tion . This solution absorbs the waler Clashed 
in the evaporator . The salt water cooling coil 
functions to remove the heat of condensation 
and lower the temperature of the solution. The 
proper ·operation of the s hell unit, containing the 
evaporator anct the absorber, depends upon a high 
vacuum, a s trong concentration of lhe lithium 
bromide so lution, and a low temperature of the 
solu:!on and shell space. 

The preceding process would very qu ickly 
result in the dilution of the lithium bromide 
solution with the absorbed water Crom the 
chilled water system- a dilution which would 
reooce the absorbing actioo of the solution. 
Therefore, the water must be removed in order 
to keep a concentrated solution. Tiiis removal 
is accomplished by continuously drahtlng part. 
of the liquicl rrnm the primar y lithiu m bromide 
solution system, and sending this liquid to the 
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Figu re 13-? . - Schematic drawing of the lithium bromide plant. 

gener ator , wher e the diluted or weak solution is 
boiled lo r emove lhe excess water. Steam coi.ls 
ar e used to heat the liquid in the lower pat·t of 
the generator shell. 

The steam from the boiling liquid is con­
densed in the upper p;u·t of this shel l. Salt water 
is circulated through the condenser to cool the 
steam and transform it back inlo water , which 
is the11 retu rned to the evaporator section. The 
concentrated lilhium br omide is returned to the 
primary circulating syste m. The loop seal 

maintains a d ifference in pressure between the 
two shells. 

The heat exchanger is added to the plant lo 
imprcwe the effic iency and to reduce cooling 
v;ater consumption. 'fhe strong solution v.·i ll 
transfer its heal to U1e cool, weak solution which 
is to be boiled in the generator . The strong solu­
t.ion n1ust be cooled to prevent it frorn carrying 
heat to the absor ber unit. 

Automatic dev ices and controls are added to 
operate or control the various piping systems. 
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Re lief valves, gages, and thermometers are 
also included. A purge system, not shown in 
figure 13-7, is installed to remove air and 
noncondensable gases from the plant. 

PAC KAGED UNIT AIR 
CONDlTIONERS 

Packaged unit a ir conditioners areno\vbeing 
installed on some ships that were bu ilt without 
air conditioning. This type of air conditioner is 
buill with the entire unit in one metal cabinet. 
Installa tion is simple; only the mounting brack­
ets, e lectrical leads, and the cooling water lines 
are necessary for complete insta llation . 

Compressing e lements in packaged unit a ir 
conditioners are usually of the hermetic type 
(motor arid compressor are contained in a welded 
steel shell\. Repail'ing the compressor or motor 
aboard ship is not feasible ; the assembly should 
be replaced as a unit. 

Compressor discharge pr essures vary from 
120 psig to 200 psig, suction pressures vary 
from 30 psig to 65 psig. The tempe1·ature DROP 
of the air across the cooling coil is usually 
about 16°F to 18°F. 

Some packaged unit air conditioner s use a 
thermal expansion valve, similar to the type 
used on the ship's refrigeration plant; many 
types utilize one or mor e capillary tubes. 

A capillary tube is a s mall copper tube with 
about 1/16- inch iJ1side diameter. The tube acts 
as a restriction (or orifice) to r educe the pr es­
sure of the liqu id refrigerant, just prior to its 
enter ing the cooling coil. The effect on the re­
fr igerant is the san1e as when it passes thl·ough 
an expansion valve . Son1e air condit ioners use 
as many as 11 capillary tubes to ensure an e ven 
flow of refrigerant throughout the cooling coil. 

The high pressure and low pressure switches 
are set and sealed at the factor y. The only ad­
justable controls a re the water regulating valve 
and the thermostat. The principle of operation 
and the adjustment of the water regulating valve 
ar e the same as for the one used on the ship's 
refrigerating plant. 

To set the thermostat, the following pro­
ceclure may be used: 

1. In the air conditionedcompartment , place 
a thermometer at a point where the desired 
room temperature is of most importance. 

2. Tur n thennostat contro l to the co ldest 
position. 

3. When the desired temperature is reached, 
slowly turn the thermostat control towar d the 
''\varmer'' position unt il the con1pr essor stops . 

HEATING EQUlPME: NT 

VENTILATION HEATERS (fig . 13-8) are 
insta lled in duct systems and are used wherever 
feasible, because of savings in \veight, space, 
and piping. These heaters are built to withstand 
considel'able shock and have standard connec­
tions to simplify piping . The copper tubes, 
through whlch the steam flows. ar e ananged 
in a single row , 

Two different types of coil arrangements 
ar e employee!. Part Bo! figure 13-8 shows the 
''S" arrangement Vi'ith the tubing serpentined. 
The S- type is used in small s ize heater s . For 
large size heaters lhe S-type tube is not 
efficient. 

Part C of figure 13- 8 shows a "T" arrange­
ment which has a copper tube within a tube (a 
3/8- inch distributing tube inside a 5/8 - inch 
outer tubc1). Steam pressure s up to 150 psi rnay 
be used in these heaters. 

La1·ge ventilation supply systems, excepting 
those serving machinery spaces. axe provided 
with a PR EHEAT ER at or near the weather 
intake. By locating the heate r near the intake . 
the duct temperahrre is kept high enough 
to avoid condensation during cold \Veather 
operation. 

In systems employing the preheater, a RE­
HEATER (or r eheaters) is also provided. In 
reci1·cu lating cooling systen1s, reheaters are 
usually provided lo maintain specified space 
te mperatures clur ing cold weather operation. 

Reheaters supply eit11er single spaces or 
zones. Zones are made up of spaces that ar c 
expected to have similar heat loads . Reheate rs 
ar e controlled by r oom thermostats . In r e­
circulating cooling systems on the newer ships, 
the reheaters ar e supplied from constant steam 
lines and re heat air to any zone -which \vould 
be overcooled. 

In small vent ilation systems employing short 
duct runs whe1·e one heater will proch1ce the 
required temper ature rise, the COMBINATION 
HEATER is used alone . Combination heaters 
may also be used with r eheale rs where it is 
desir ed that the system supply mor e than one 
space but wher e the combinat ion heater is suf­
fic ient to mainlai.n the requ ired te n1pcrature 
rise in one of the spaces. 
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CONVECTION HEATERS (fig. 13-9) are 
installed in small spaces or in spaces which are 
not filled with mechanical supply ventilation. 
These heaters have a high heating capacity for 
their size and weight, are considerably smaller 
than radiators or pipe- coils of the same capacity, 
and will withstand sever e shock. A steam pres­
sure up to 150 psi may be used in the heaters, 
or a forced hot water system may be employed. 
When they are used with steam pressure be­
tween 25 and 50 psi, temperature differentials 
at different levels in the r oom are r educed. The 
heating is r egulated with the air !)ypass damper 
in the front part of the heater . The cabinets are 
gener ally of stee l, though they may be (if 
desired) of nonmagnetic st.a in less steel, copper , 
or aluminum. 

UNIT HEATERS (see fig . 13-lO)areactually 
ventilation heaters installed separately with 
their 0 '-\'11 fa.ns. ~rhcy are used in special cases 
such as when the amount of supply ventilation is 
too small to provide sufficient heal through 
ventilation heaters. or \Vhere there is no me­
chanical ventilation supply ancl t he heat require­
ments exceed the capacity of convection heaters . 
They can be used with e ither steam pressure 
up to 150 psi or with forced hot water systems. 
Compasite pa.i·ts of the heaters inc lude the tub­
ing, heat transfer fins, tan, thermostatic con-

£tl0 COV!:ft 
l~Tf(IJ 

A B 

trol valve, s trainer, trap, and heat direct ion 
blowers . 

ELECTRIC HEATERS are used for spaces 
located at a considerable distance from the 
s team piping system. They ar e built in many 
types and designs. 

MAINTENANCE OF Affi CONDITIONJNG 
EQUIPMENT 

To ensure proper operation of any air con­
ditioning system, periodic inspection and main­
tenance is absolutely necessary . Each sh ip 
should have an 01:ganization responsible for the 
maintenance of ventilating, heating, and cooling 
equipment. 

VENTILATION EQUIPMENT 

Shipboard ventilation must serve not only to 
supply, circulate, and distribute fresh air, but 
also to remove th.e use<l, co11t::uninate d, an cl over­
heated a ir from the various spaces. If the venli­
Jation equipment f.l ils to perform its functions 
properly, conditions may be created which will 
jeopar d ize the health or lite of c r ew memt>ers. 
Therefore , the individuals r esponsible for in­
spection and maintenance must be thoroughly 
familiar with the vent ilation equipment. 

47 .111 
F igtire 13-8.-Ventilation heater s : A. f;xterior view of S-lype heater. 

B. Tube arrangemenl of S- lype heater . C. Tube arrangement of T-type heater. 
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Figure 13-9 .-Conver. lion heater: A. Cuta\vay vie v..·. 'A, Exte r ior v iH \V. 

A shipboard ventila tion syste m and it s CO!l&ti­

tuent par ls c mmot be isolated and separ ate d from 
other con1ponent systcn1s in a con1ple tc air con­
d itioning system. For e xample , the air duct 
d istribution system of a ship may be utilized for 
other systen1s used in cooling, heating, and cle ­
hun1iciifying the s hip's atrnospheric air . b1 acldi­
lion l (l ducts, a venlilation system may include 

weather openings, screens, f ilters, fans, grat­
ings, c losures. heaters, coo ling coils, ventur i 
tubes. damper s, and termina ls . Obviously, if a 
vent ilat ion sys te m is lo function effective ly, 
it is essential that a ll of ils various units be 
kept clean and in sati sfacto1·y operating condi­
tion. To 1na intain a ventilating syste1n in the best 
condit ion requires the observance of applicable 
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47 .113 
Figu r e 13-10.-Unit heater: A. Exterior view. 13 . Cutaway view. 

precautionar y measures , and the adherence to 
presc.ribed maintenance procedures. 

Guarding Against Ol>stn1ctions 
To Vent ilat!on 

Such Items as swabs, deck gear, and Lr ash 
stowed in fan rooms or ventilation tr unks not 
only restrict air n ow but also increase dirt and 
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odors taken on board. Ventllatlo11 terminals 
must never be used for stowage. Wet c lothing 
secur ed to ventilation terminals increMes the 
moisture content of t.he compartment air. and 
r estricts the air flow. Stow:J.ge arrangements 
should be such that ventilation weather open ings 
are never restr icted. 

Do not use gauze or similar material as a 
tilter over an air supply terminal. Gauze may 
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aid In preventing the passage of dirt but it also 
serves as an obstruction to the passage of air. 
The fact that rtltering is necessary Indicates 
that the system needs cleaning. The amount or 
dirt entering a space from the ventilation system 
can be most effectively re<llced by keeping the 
<lures clean. II ll becomes necessary to place 
a !liter in an air supply system, place the filter 
at the intake rather than supply tcrmlttals. 

Keeping the System Clean 

Dirt accumulations in a venttlatlon svstcm 
not only reSlrict tho flow of air but also create 
a serious fire hazard. In a clean duct the cooling 
errect of the metal tends to act as a flame ar­
restor, but an accu mulation of for eign matter 
within a duct becomes a potential sour ce or 
combustion. One method or re<llcing the amount 
or dirt and combustible matter which may be 
carried into a ventilation system Is to wet down 
ti~ areas in the vicinity oflhe air intakes before 
sweepin~. 

Since a great vo lume of air passes throul!'h 
or over the elements of a ventilation system, 
dirt will collect in the various units in spite or 
precautionary measures. The greatest nccumu­
latlons or dirt will be within trunks and duels 
where it ls not readily not lceable . Therefore, 
perlOdic inspections and a definite service pro­
cedure arc nocessnry to keep the system clean. 

Cleaning Filters 

Navy standard air filters havo auklmatlc 
£Iller load gages orpressurotapsoneachsidc or 
the filter bank. By use ofa pertablo differential 
pressur e gage , tho prcssu1·e drop across the 
flllor may be quickly read. When lhe pr essuro 
drop increases to three limes that or a c lean 
filter, the filter must be cleaned. Ships are 
provided with spare filters so that a clean one 
may be substituted for the dirty one. A sys­
tematic procedure may be set up for cleaning 
all flltcrs on U1e ship. 

Where there arc onlv a !ow filters aboard 
ship, they may bo cleaned in !he ga lley dlsh­
waahlng machine. Ships having a sufiiclent 
number or filters to justify the sp3cc, expense, 
an(l weight are SUPJ>lled with special cleaning 
sinks . In either case , filters :u·e washed with 
dlshwasbing compound, used in accordance with 
tho current dishwashing instructions. 

It a special cleaning sink Is used, the follow­
ing procecllre should be performed: 

l. Place fillers In the wire basket, one !liter 
detlp, with tho dirty side up. 

2. Fill sink with fresh water, cut steam Imo 
sink to heal and agitate the water . (Most of tho 
lint and dirt wlll rise to the top and pass orr 
with the over now.) 

3. When fillers are clean. cut off the steam 
and drain tho sink. 

4 . Refill s ink with fresh wnter, cul steam 
Into sillk and r lnse rtlter s. 

5. Reoll filters. 

Navy standard air filters have a thin Wm 
or oil apPlled lo the wires. The oil film retains 
fine partic les or dirt and lint. After each wash­
ing, the filters may be reoilod liy spray ing wllh 
2075 oil or a mte r adhesive other than the typo 
in pressurized (aerosol) s11ray cans. provided 
it is nontoxic, odorless, water soluble, and h:u1 
a flnsh pelnt greater than 350°F. Spray guns 
furnished ror oiling air filters must not be used 
for any olh~r purpese, to avoid the possibility 
of contaminating the filte r s with toxic, Clam­
mnble, or ocLot· laden materia ls . 

Flame arresters and grcnsc fillers may be 
cle:tned in the manner prescribed for air filters, 
however , special care must be taken in rinsing. 
Flame arresters and grease filters SHOULD 
NEVER BE OILED. 

COOLING EQUIPMENT 

Since air conditioning systems are in many 
ways similar to refrigeration plants, much or 
the information concerning refrigeration. given 
In this training course . is equally applicable to 
air conditioning equipment . To ensure proper 
operation or any R-12 air conditioning plant. 
periodic inspections must be mnde or compres­
sors, valves. motors. cooling coils, air filters. 
:ind other installed equipment . 

Some of the most impertant inspcctlons ncc­
essory for :11!- conditioning t>l:lllts are listed In 
the following paragraphs. (Note: On ships 
v.•here the Planned Maintenance System is h1 
effect, inspection schedules are observed In 
accordance with that sys tem.) 

Dally Inspections 

The following inspections should be per­
formed dally: 

1. Check all motors for overheating. 
2. Check oil level in tho crankcases or tho 

compressors every 2 hours. 
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3. Check fol' excessively high arid low re frig­
erant pressures. 

4 . Check crankcases for low temperatur es 
or excessive liquid R-12 rell1rning to the crank­
case. 

Weekly b1spections 

Weekly inspections and maintenance should 
be performed as follows: 

1. Check all tans for unu&-ual noise and 
vibration . 

2. Check all r egula1·ly operated valves and 
compressor seals for leaks. 

3 . Check V-belts for prope r tension. 
1 . Check flywhee ls , pulleys . and flexible 

couplings. 
5. Clean evaporator coils which are not 

protected by Cilters . 
6. Clean ancl dust all equipment. 
7 . Clean ait· filters. 
8. Check all systems for r c frigerruH leaks. 

Monthly and Quarterly Inspeclions 

Every month, a check of the system shoo Id 
be made, ~s follows: 

1. Check V-belts for wear , and clerui off all 
oil and dirt . 

2. Check and c lean all automatic control 
and safety devices, also all switch contacts . 

3. Check and c lerui condenser tubes when 
refriger ant or water temperatures indicate the 
need. 

4. Inspect evapor ator coils; clean them 
:tt least every 3 months . and more often if 
necess ary . 

5 . Inspect the zinc fingers in Ute condensers; 
replace the zinc when detet·ior ation amounts to 
50 percent or more. 

Yearly Inspections 

The following Inspections should be made at 
least once a year: 

1. Disassemble motors and inspect and 
clean motor windings. as required. 

2. Inspect motor bearings; clean and 11ri>ri­
cate as necessa1·y . 

3. Wash out fan bearings, unless they ar e 
of the new type that r equires no cleaning or 
oiling; c heck clearance; refill with ne\v oil . 

4. Check rusting of metal p;tr ts on all 
equipment. 

5. Check all ball bearings; add grease wben 
necessary. 

6. Test all gages at least once each year. 
1nore often if neces sary . 

7. b1spect all insulation coverings of cold 
pipes , espec ially seams. Replace all rusted 
binding wi1·es and r otted covering c loths; add 
s~am filler where necessary. 

Jn addition to inspections, safety pr ecautions 
must be observed. Refer lo the section on safely 
precautions In chapter 12 (Refriger ation Plants) 
of this publication. These precautions are 
equally applicable to a ir condit ioning plants. 
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CH APTER 14 

AIR COMPRESSORS 

Compr essed air has many uses aboar d ship. 
Some of tho common uses of con,pressed ab· 
are as follows: 

I. Operation of pneumatic loo ls . 
2. Cleanb1g electrical machinery , fuel oil 

atomizer tips, and C02 indicator systems. 
3 . Ejecting gas Crom ship's guns. 
4. Starting diesel engines. 
5. Charging and !Iring torpedoes. 
6. Operating pneumatic cont rol systems . 
7. Control air fo1· boiler combustion control 

systems. 

Compr essed air is supplied to the va1· ious 
systems by higb pressure, medium pr essur e, or 
low pressure air compressors, as appropriate . 
Rec!ucing valves r ed\1ce a high pressure to a 
lower presS\tre for >t specific system. 

AIR CO:M PRESSOR CLASSIFICA1'10NS 
AND COMPONENTS 

There are a number of variations in the 
design and constr uction of air compressor s . The 
construc tion and principles or operation of some 
of the most common lypes oC air com11ressors, 
used on Navy ships, ar e discussed in this sec­
tion. The r emaining sections oflhe ohapter c<>ver 
operating pt·ocedures, care and n1aintenance, 
inspections and tests, and safety precautions 
for compressors . 

COMPRESSOR Cl.ASSIFICATIONS 

Air compresso1·s ar e classified in various 
ways. A compressor may be single-acting 01• 
double -act ing, s ingle s tage or multistage, and 
horizontal, angle, or vertical, as shown ln figure 
14-1. A compressor may be designed so that 
ONLY one stage of compression takes place 
within one compresslng element, or so that more 
than one stage takes place within one compress-

ing element. !JI general, compressor s ar e classi­
fied accor ding to the type of compressing e le­
ment, tile source oC dr iving power , lhe method 
by which the driving unit is connected to the 
cornpressor , :U>d the pressure deve loped. 

Types of Compress ing Elements 

Ab- compressor elements may be oC the 
cent rifugal, rotary, or recipr ocating types . 
Most or the compressor s used in the Navy have 
reciprocating elements (fig. 14-2). Jn this type 
of compressor the air Is compressed in one or 
more cylinde1·s, ver y much like the compress ion 
whicll ta.1<es place In an internal combustion 
engine. 

Source of Power 

Con1 pressors are driven by e lectr ic nlotors, 
internal combustion engines, s team turbines, or 
r eciprocating steam engines . Most of the air 
compressors in naval service are driven by 
electric motors . 

Dr ive Connections 

The dr iving unit may be connected to the 
comp1·essor by one ot several methods . When 
the compressor and the cb·iving unit a.re con­
nected on the same shaft, and mounted on a 
common base, they ar e ·close coupled. Another 
means of c lose coupling is with the use of a 
flexible coupling . Flexible couplings ru·e nor­
mally used when the driving unit and the com­
pressor are not mounted on a common base. 

V-belt drives ar e commonly used with s mall, 
lo\v pressure, rnotor .. ctriven compressors, and 
with some medium pressure compressors . Jn a 
few installations, a rigid coupling is used be­
tween the compressor and the motor . In a steam 
turb ine drive, compr essors ar c usually dl'iven 
thr ough rewction gears. 
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Figur e 14-l ,-Types of air compressors: A. Vertical. B. Horizontal. 

C. Angle . D. Duplex. E. Multistage. 

Pressure Classification 

Compressors are classified as low pressure, 
medium pressure, or high pressure . Low pres­
sure compressors are those which have a dls­
charge pressure of 150 psi or less. Medium 
pressure compressors are those which have a 
discharge pressure or 151 psi to 1000 psi. 
Compressors which have a discharge pressure 
above 1000 psi are classified as high pressure. 

Most low pressure air compressors are of 
the two- stage type with either a vertical V (see 
rig . 14-2) or a vertical W arr angement or cyl­
inders. Two-stage . V-type low pressure com-
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pressors usually have one cylinder rm· the fkst 
(low pressure) stage of compression, and one 
cylinder for the · s econd (high p1·essure) stage. 
W-type compressors have two cylinders Cor the 
C1rst stage of compression, and one cy linder for 
the second stage. Th is arrangement is shown 
in figur e 14-3A. 

Compressors may be c lassified according to 
a number oC other design feat\lres or operating 
characteris tics . 

Medium pressure air compressors are of the 
two-stage, vertical. duplex, single-acting type. 
Many medium pressure compressors have dif­
ferential pistons; this type of piston has more 
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Figure 14-2.-A s imple two-stage reciprocating low pressure air compressor. 
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2-STAGE, 3 CYL. RADIAL 

2-STAGE WITH 
DIFFERENTIAL 

PISTON 

2-STAGE, VERTICAL, WITH 
2 DIFFERENTIAL PISTONS 

A 

1 

4-STAGE ARRANGEMENTS 

1 

3-STAGE ARRANGEMENTS 

B 
47.153X 

Figure 14-3.-Air compressor cylinder arr angements: 
A. Low and medium pressure cy linder s . 
B. High pressure <'ylindcrs. 

titan one stage of compression on each piston. 
(See Ci(; . 14-3A.) 

Modern air compressors are generally 
motor -driven (direct or geared), liquid cooled, 
four-stage, single-acting uniis with ver tical or 
horizontal cylinders. Cylinder ar 1·angements for 
high pressure air compressors installed on 
Navy ships are illustrated in figur e 14-3B. 
Small capacity high pressur e air systems may 

have three-stage compressors. However, high 
pressure a ir systems u~-ually ar e equipped with 
four - to s ix-stage compressors. 

OPERATING CYCLE OF RECIPROCATING 
AIR COM PRESSORS 

Before pr oceeding with the components of 
air compressor s, it will be most helpful for you 
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to be fam iliar with the operating cycle of air 
compressors. Since most of the compressors 
used by the Navy have reciprocating elements, 
the sections which follow deal with the operating 
cycle and component parts of reciprocating air 
compressors. 

Reciprocating air compressors ar e usually 
similar in design and operation. The following 
discussion r elates to the operating cycle during 
one stage of co1npression in a single- stage, 
single-acting compressor . 

The cycle of operation, or compression cycle 
within an air compressor cylinder includes two 
strokes of the piston: a suction stroke and a 
compression stroke. The suction stroke begins 
when the piston moves away from TOP DEAD 
CENTER (TDC). The air under pressure in the 
clearance space (above the p is ton) expands 
rapidly until the pressu r e falls below the pres­
sure on the opposite side of the in let valve. At 
this point, the difference in pressure causes the 
inlet valve to open; and air is adm itted to the 
cylinder. Air continues to flow into the cylinder 
unt ii the piston r eaches BOTTOM DEAD CEN­
TER (BDC). 

The compression s troke starts as the piston 
moves away from BDC; compression of the a ir 
begins. When the pressur e in the Cylinder equals 
the pressur e on the opposite side of the a ir in­
let valve, the inlet valve closes . Air is in­
c reasingly compressed as the piston moves 
toward TDC, until the 1wessur e in I.he cylinder 
becomes gr eat enough to force the discharge 
valve open against the discharge line pressure 
and the pressui·e of the valve springs. (The dis­
cha1·ge valve opens a few degrees before the 
piston reaches TDC.) Dur ing the balance of the 
com pression s troke , the air which has been 
compressed in the cylinder is discharged, at an 
almost constant ptessur e, throug;h the open 
discharge valve . 

The bas ic oper ating cycle just described is 
repeated a number of times in double- acting 
compressors and in other s tages of multistage 
cornprcssors. h1 a double - acting conl.pressor , 
each s tr oke of the piston is a suction stroke in 
relation to one end of the cylinder , and a com­
pression stroke in relation to the other end of 
the cylinder. Jn a double- act ing compressor, 
ther efore, two basic compression cycles are 
always in process when the compressor is op­
erating; but each cycle, considered separate ly, 
is simply one suction stroke and one compres­
sion stroke. 

In multistage compressors, the basic com­
pression cyc le must occur at least once for each 
stage of compression. If the compressor is de­
signed with two compressing e lements for the 
first (low pressure) st.age, two compression 
cyc les will be in process in the first stage at the 
same time . If the compressor is designedsothat 
two s tages of compression occur at the same 
time in one compress ing e lement, the two basic 
compression cycles (one for each stage) will 
occur at the same time. In each s tage , a ir is 
compressed to the designed working pressur e o( 
that particu lar stage and is then discharged to 
t he stage having the next highest wor king pr es­
sure, with the last s tage discharging to the 
receiver . 

COMPONENT PARTS OF 
REC IPROCATING Affi 
COMPRESSORS 

Reciprocat ing air co1npressors consist of a 
system of connecting rods, crankshafts, and fly ­
wheels used to transmit the power developed by 
the driving unit to t he pistons; and also consist 
of con1pressing e le rnents= lubrication systen1s, 
cooling systems, control systems, and tmloading 
systen1s. 

Co1npress ing Elen1ent 

The compr ess ing element of a r eciprocating 
compr essor cons is ts of the air valves, the cyl­
inder, and the piston. 

The VALVES of modern compr essor s {ex­
ce pt for son1e high pressure con1pressor s aboard 
submarines) are of the automatic type . The 
opening and c losing of these valves is caused 
solely by the differ ence be tween (I ) the pressure 
of the air in the cylinder and (2) the pressure of 
the external air on the intake valve or the pres­
sur e of the dischar ged ah· on the dischar ge 
valve . On n1ost cornpress ors, a thin plate, lo \v 
lirt type of va lve is used (fig . 14-4.) 

Various designs of. CYLINDERS and PISTONS 
are use d, depending pr imar ily upon the nun1l>er 
of stages of con1pr cssion \•;hich ta.lee place \vilhin 
a cylinder, The three most common cyl inder 
arrangen1enCs for lO\V and n1edium pressure air 
compressors a1·e show11 in figur e 14- 3A. High 
pressure c.on1prcssor s \vith four- s tage a.rrange­
n1ents and three-stage arrange 111ents are shown 
in figure 14-3 B. The number s 1 through 4 in 
figure 14-3 represent the st.ages of compression. 
Five- a.nd six- stage c.ornpressors have the same 
basic stage arr angen1cnts. 
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The PISTONS may be of two types, trunk 
pistons anddi!ferentia.l pistons. TRUNK PISTOJ\"S 
{fig. 14-SA) are drivendirectlybytheconnecting 
rods. Since the upper end or a connecting rod Is 
fitted directly to the piston 'WTist pin, there Is a 
tendency ror a piston to deve lop a side pressure 
agains t the cylinder walls. To distribute the 
side pressure O\•er a wide area or the cylinder 
walls 01· liners, trunk pistons with long Skirts 
are usod. This ty pe of piston tenets to e liminate 
cylinder wall wear . DIFFERENTIAL PISTONS 
{fig . 14-58) are modified trunk pistons having 
two or more different diameters. These pistons 
are fitted into special cylinders which are 
arranged so that more than one stage of com­
pression Is served by one piston. The compr es­
sion for one stage takes place over the piston 
crown; compression for the other stage (s) takes 
place in the annular space between the large and 
small diameters or the piston. 

Lubr ication System 

Lubrication of air compressor cylinders Is 
generally accomplished by means of a mechani­
cal force-feed lubricator, which is driven Crom a 

o ·· .. 

0 -
fUll lllll 

reciprocating or a rotary part of the compres­
sor . Oil Is fed from the lubrlcaior, by a sep­
arate !eed line, to each cylinder, A check valve 
Is installed at the end of each feed line to keep 
the compressed air from forcing the oil back 
into the lubricator . Each feed line Is equlJ)Jl<?d 
with a sight-feed glass. Lubrication begins auto­
matically as the compressor starts up. 'l11e 
amount or oil that must be red to the cylinders 
depends upon the cy linder d iameter , the cy linder 
wall temperature, and the viscos ity of the oil, 

On small low pressure and medium pressure 
compr essors, the cylinders are lubricated by 
the splash method, from dippers Oii the ends of 
the connect Ing rods, Instead or by a mechanical 
lubricator. 

lJJbrlcatlon or the running gear or a modern 
compressor Is accom plished by nn oil pump, 
which Is nttachec1 to the compressor nnc1 Is dl'lven 
Crom the compi-essor shaft. This pump (uS\lally 
of the gear type) clraws oil from the r eservoir 
(fig . 14-6) in the compressor base and delivers 
It, through a filler, to a.ii oil cooler (rig. 14-7) . 
From the cooler , the oil is dlstrlbutedtothe top 
or each main bearing, to spray nozzles ror re­
duction gc:i.rs, and to outboard bearings . The 
crankshaf1 Is drilled so that oil fed lo the main 

47.154X 
Figure 14-4.-0lagram of a thin plate ah• compressor valve. 
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B 

4'7.155 
Figure 14-5.-Air compressor pistons: A. Trunk type. B. ourerential type. 

bearings ls picked up at the main bearing Jour­
nals and can-led to the crank pin journals . The 
connecting 1·ods contain passages which conduct 
lubricating oil from the crank pin bearings up 
to the wrist pin bushings . As oil leaks out from 
the various bcal'ings, It drips back to the 
r eservoir (In lht! base of the compressor) and 
is recircubtcd. Oil from the outboard bearings 
Is carried back to the base by the drain lines . 

The discharge pressure of lubricating oil 
pumps varies wilh different pump designs. A 
relief v-.Uve. fitted to each pump. functions when 
the discharge pressure exceeds the pressure for 
which the valve is set. When the relief valve 
functions, excess oil ls returned to the reservoir. 

Cooling Systems 

Most t11gh pressure and medium pressure 
compressors are cooled by sea water supplied 
from the ship's ffre , flushing, or water service 
mains. The cooling water Is generally available 
to each unll through at least two sou1·ces. Com­
pressors located outside the J.ru·ger machinery 
spaces a r c generally equipped with an attached 
circulating water pump as a standby source of 
cooling water. Small low pressure compressors 
for shi1l's service and diesel engine starting, 

and some small ~apacity high pressure air com­
p1·cssors, arc a ir cooled by a fan mounted on. 
or driven from, a compressor shaft. 

The path ot water in the COOLING WATER 
SYSTEM of a typica l four - stage compressor i8 
illust1•atect in rigure 14-7. Nol ~11 coo ling water 
systems have Identical paths or water flow, but 
in all systems ii ls Important that U1e coldest 
water be available for c irculation through tho 
oil cooler. Valves are usually provided so that 
the water to the oil cooler can be controlled in­
dependently or the rest of the system. Thus oil 
temperature may be controlled without harmfully 
allccting other parts o.r the compressor. Next in 
Importance are the inter coolers and alter 
coolers, then come I.be cylinder jackets and 
heads. The high pressure air compressors re­
quire anywhere from 6 to 25 i;allons of cooling 
water per minute, while medium pressure air 
compressoc·s r equire from 10 to 20 gallons per 
minute . 

Since sea water ts used ai; tne cooling ngent . 
all parts or the circ\1lati11g system must be of 
corrosion-resisting materials. The cylinders 
and heads arc therefore composed of !!\Ill melal 
or valve bronze composition, with water Jackets 
cast Integral with the cylinders. Each cylinder 
Is Clued with a liner of special cast iron or steel 
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Figure 14-6.-IJ.ibe oil system of a multistage turbine-driven high pressure air compressor. 

to wiU1stand the wear of the piston. The cylinder 
Jackets are Cllted with handholes and covers so 
that the water spaces may be Inspected and 
cle:u1cd. Jumpers are gcne1·ally used to make 
water connections between the cylinders and 
he11ds, since these prevent nny posslbfllty or 
leakage Into the compression spaces. Jn some 
com11ressou, however. the water passes '1lrl,Ctly 
thr<l<lgh the jOIJlt between the cylinder and tbe 
hud. With this latter type. extreme c:i.re must 
be taken to ensure that the joint Is properly 
gaskctcd to prevent leak2ge which. if allowed lo 
cont lnue. would ruin both the cylinder liner 
and the piston rings. 

The INTEll COOLERS and A l'TE;R COOLERS 
remove the heat gene rated during comp1·ossion 
and cause tho condensation of any vapor that may 
be present. This prevents unwanted accumula-

418 

tlon at low points, water hammer, freezlnr or 
bursting o! pipes In exposed locations. faulty 
op<lratlon of ixieumatic tools. and possible dam­
age to elect r ical apparatus wher e ak Is used 
for cleaning . The r emoval or heat Is a lso r e­
quired for economical comp1·eeslon. During 
com1>resslon the temperature or the ab· Is In­
creased, thus causing the air to expand to a 
larger volume which. in turn. requires a cor­
responding Increase or work 10 compress It. 
Mulllsc;iglng. therefore. with cooling of the air 
between stages. rewccs the power requirement 
ror a given cap.,clty. The inlercoolfJlg recllces 
the maximum temperature In each cylinder and 
thereby r ecluc118 the amount of he:1t which must 
be r emoved by the water jacket at the cylinder. 
Also, the resultmg lower ten1pcrature In the 
cylinder ensures good lubrication of the piston 
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nnd the va lves. B-Oth the inte r coolers and the 
after coolers are of the same general construc­
tion except that the after coolers are designed to 
\Vithstand a higher \VOrking pressure than the 
inter coo lers . 

WATER-COOLED INTER COOLERS maybe 
of the straight tube and shell type or , if size 
permits, may be of Ille coil type. fa coolers with 
air pressure below 250 psi, the air flows either 
through lhe tubes or over and around them. In 
coolers wlth air pressur e above 250 psi, the air 
flows tht·ough the tubes . Suitable baffles are 
providecl in tubular coolers to de flect the air or 
water in Its course tlwourrh the cooler . Jn coil 
type coolers the air passes through the co ll, 
with the water f lowing around the outside . ~1it­
able provision is made for the expansion or the 
tube nest. 

Affi-COOLED INTER COOLERS anct AFTER 
COOLERS may be of the radiator type or may 
consist of a bank or finned COPJ>Cr tubes located 
in the pa.th of blast air supp!led by the com­
pr essor fan . 

THJRO STAGE COOLt!lt 

Fll'ltf STAG! COCl.l:Jt 

flU~ST STAGC CYl.IHOt! lt 

Each inter cooler and lifter coole1· is fitted 
with RELIEF VALVES on boththealrandwater 
sides . Water r olief valves ar e generally set at 
5 psi in excess of the maximum working pt·es­
sure which may be applied to the system. The 
air re lief va lves mus t be ke1>t set in accordance 
with directions given in the p.trlicular manufac­
tu rer's technica l manual, or in Bureau of Ships 
Technical Manual. 

All inter coole rs and afte r coolers are also 
fitted with MOISTURE SE P ARATORS on the dis­
charge side, to remove the condensed moisture 
and oil from the air s tr eam. The separators are 
of a varie ty of designs. The removal of liquid 
is accomplished by centrifug al for ce, .impact, 
or su(lde1\ changes in velocliy of lhe air stream. 
Drains are provided on each separator for 
r emoving the water and oil. 

Oil coolers 9re of the coil type , tu be Md shell 
type , or a variety ofcommet·cialtypes . External 
oil coolers are generally used but some naval 
compressors are fitted with a base type oil 
cooler in wh ich cooling water is circulated 

ill::=Oll''-._ 
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Figur e 14-7.-Cooiing water system in a multis tage air compressor . 
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through a coil placed in the oil r eservoir . As 
with the inter cooler s and after coolers, the 
materials of the tubes, coils. or cores of these 
coolers, are of a copper -nickel alloy with shell 
and tube sheets of bronze composition. 0.1 all 
later model compressors the circulat ing water 
system is so ar ranged that the quantity of cool­
ing water passing through the on cooler may be 
regulated without disturbing the quantity of 
water going to the cylinder jackets, inter coolers, 
or atter coole1•s. Thermometers or other tem­
per ature detecting devices are fitted to U1e 
circulating water inlet and outlet connections, 
the intake and discharge of each stage of com­
pression, the final air discharge. and to the 
oil rese1·voir. 

Control Systems 

The control system of an air compressor 
may include one or mor e or such devices as an 
automatic temperatur e shutdown de vice , star t­
stop control. const:uit speed contr ol, and speed­
pr essure gover nor . 

AUTOMATIC TEMPERATURE SHUTDOWN 
DEVICES are filled on all recent designs or 
high press11re nlr compressors . Thus, if the 
cooling water temper atur e rises above a safe 
limit, the compressor will s top and will not re­
stai·t automatically. Some compr essors are 
Citted witll a device that will shut down the com­
pressor if the temperature or the air leaving 
any stage exceeds ~ preset val11c. 

Control of reg11lat ing systems for naval com­
pressors are mainly ofiheSTART-STOPTYPE, 
in which the compressor starts and stops auto­
matically as the receiver pressur e falls or 
rises within predetermined limits . On e lectri­
cally driven compressors the system is very 
simple- the receiver pressure operates against 
a PRESSURE SWITCH that opens when the pres­
sure upon it reaches a given limit, and closes 
when the pres&"llre drops a pr edetermined 
a1nount . 

On steam-clt"iven compressors the r eceiver 
pr essure is piped to a CONTROL VA LVE (also 
known as a pilot, trigger, o•· auxiliar y v;1lve) 
which. when the designed CUTOFF PRESSURE 
is reached, admits air to a plunger connected 
\vilh the turbine governor valve . This causes 
steam to be s hu t otf and the compressor to stop. 
When the pi·essurc falls to a pr edetermined 
level, the control valve closes. and the air act ­
ing upon the plunger is re leased by leakage or 
bleecllng to the atmosphere. Tile steam is thereby 

permitted to llow through the governor valve 
and restart the tu rbine . 

0.1 motor-driven units this is done by the 
use or two pressure switches with a three-way 
valve or cock, so that receiver pressure Is ad­
mitted to the pressur e switch which hns the 
desir ed range of sett ings. Another control 
method is to direct the air from lhe receiver 
tbrough a three-way valve to either or two 
control valves set for U1e respective range of 
pressures. To do this a s ingle 1>ipe is run from 
the control valves to the pressu1·e switch, which 
is set to function al the desired pr essure . 

On turbine-driven units the arr angement is 
similar to that on the motor- driven . except that 
the combined line from the control valves is 
piped tot.he plunger (tl'igger valve) acting Oil the 
turbine governor valves . 

The CONSTANT SPEED CONTROL is a 
method of controlling the pressu1·e in the air 
receiver by controlling the output of the com­
pr essor without stopping or changing the speed 
oC the unit. This control is used on compres­
sors that have a fail·! )• constant demand for 
air, where frequent stopping and starting is 
inadvisable . 

Combined SPEED AND PRESSIJUE GOV­
E llNORS are usua lly !urnis hedfor r eciprocating 
s team-ctl'iven compressors, wher e neither the 
s tart-stop nor the constant speed control is 
ve1-y satisfactory. 

Unload ing Systems 

Alr compressor unloading sys tems are in­
stalled for the removal of all but. tbe friction 
loads on the compressors; that is, they auto­
matically r emove the comp1·esslon load from 
the compressor wh ile the unit is sta1·ting, and 
automatically apply the loacl after the unit ls up 
to ope1·ating speed. Fo1· units having the start­
stop control, the unloading system is separate 
from the control :,)'s tem. For compressors 
equipped with the .constant speed cont rol, how­
ever, the unloading and control systems are 
integ1·a1 parts of each other . 

A det ailed explanation cannot be given here 
for every type of unloading device used to11nload 
a ir compressor cylinders, bot you should know 
something about several of the unloading metl1ods 
which you will pr obably encounter. These in­
cl11de closing or throttling the compressor in­
t.ake. holding intake valves off their seats. 
relieving inter coolers to tbe atmosphere, 
relievbig the final dischar ge to the atmosphere 
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(or opening a bypass from the discharge to the 
intake), opening up cylinder c learance pockets, 
using miscellaneous constant speed unloading 
devices, and the employment of vru·ious com­
binations of these methods. 

As an example of a typical compressor un­
loading device, consider the MAGNETIC TYPE 
UNLOADER. Figure 14-8 illustrates the un­
loader valve arrangement. This type of unloader 
consists of a solenoid-operated valve connected 
with the motor starter. When the compressor 
is at rest, the solenoid valve is deenerglzed, 
admitting air from the receiver to the unloading 
mechanism. When the compr essor approxi­
mates normal speed, the solenoid valve is ener­
gized, releasing the pressure from the unloading 
mechanism and loading the compressor again. 

ror detailed Information on the various un­
loading devices, refer to the pertinent manufac­
tuxers• teclmical manuals for compressors 
Installed on you1· ship. 

COMPRESSED Am RECEIVERS 

An air receiver or accumulator is installed 
in each space housing air compressors. The 
receiver acts as a supply tank and a storage 
tank. If demand is in excess of compression 
capacity, some of the stored air goes into the 
system. If demand is less than the compressor 
('apactty, the excess is stored in the receiver or 
accumulator. Thus, In a compressed air system, 
t11e receiver functions to retard increase and 
decrease of pressure in the system and therel>Y 
the length of star t-stop-start cycles. The n­
ceivers may be horizontal or vertical. The 
vertically mounted ones have convex bottoms to 
permit proper draining of accumulated moisture, 
oil, and foreign matter . All receive1·s include 
such fittings as inlet and outlet connections, 
drain connections and valves, connections for 
operating a line to compressor regulators, 
pressure gages, relief valves (set al 10 percent 
above normal working pres~ure of receiver), 
and handhole or manhole plates (depending upcn 
the size of the receiver) . The discharge line 
between the comp1·essors and the receiver ls as 
short and straight as possible to e liminate 
vibration due to pulsations of the air and to 
reduce pressure losses due to friction . 

TYPICAL LOW PRESSURE 
Am COMPRESSORS 

Havbig considered the various parts which 
comprise an air compressor, follow the course 
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of air through a typical compressor. Figure 14-9, 
as an example, illustrates various views or a 
r adial, single-acting, three cylinder , two- stage, 
motor-driven, low pressure air compressor 
with a V-belt connected flywheel, air-cooled 
cylinders, and air- cooled inter coole1·s and 
aftel· coolers. 

The free atmospheric air Is drawn in through 
the two Am INLET FILTERS and then tht·ough 
the Inlet or SUCTION VALVESofihetwo FlRST­
STAGE CYLINDERS as the two FmST- STAGE 
PISTONS are on their downward or suction 
stroke. As lhe first-stage pistons are sent on 
the Ir upward or compression stroke, by action 
of the CRANKSHAFT, the a ir is compressed in 
the two cylinder s ancl forced out of the DIS­
CHARGE VALVES. The FINS on the oulside of 
U1e cylinders distribute the con1pression heat 
over a larger area, and therefore facilitate the 
r emoval of heat by the cooler alr directed on 
them by the FLYWHEEL FAN. 

The discharged compressed alr is directed 
from the discharge valves on tile first-stage 
cylinders, through the Ur st-stage discharge line, 
to the air -cooled INTER COOLER. In the Inter 
cooler, the first- stage compressed air loses 
most of its heat by passh1g through coils sur­
r ounded by cooler ab'. From the lnler cooler, 
the compr essed a ir is discharged, through the 
SECOND-STAGE SUCTION LINE, Into the suc­
t ion valve of the SECO'ND-STAGE CYLINDEn. 

-FROM 
RECEIVER 

- TO 
UN~OAOEAS 

-EXHAUST 

47.158 
Fig\tre 14-8.-Magnetic type unloader . 
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Figure 14-9.-A radial, singlc-actlng, three cylinder . two-stage, motor-driven, 
air-cooled_, lov.· pressure, air con1pressor. 
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Chapter 14-AlR COMPRESSORS 

Here the air is further compressed to the de­
signed pressure, and then forced through the 
DISCHARGE VALVE, the SECOND-STAGE DIS· 
CHARGE LINE, and the WATER AND OIL TRAP, 
to the AFTER COOLER, where the second-stage 
compression heat is removed. I>rom the after 
cooler , tho compressed air is discharged into 
the Am RECEIVER . 

OPERATION OF Am COMPRESSOR 

Before :tttempllng to operate any air com­
pressor for the first time, be sure that you are 
THOROUGHLY familiar with the machine. Study 
the accompanying manufacturer's technical 
manual. Thore arc numerous val'letles of com­
pressors In naval use, so that it would bo im­
possible In the limited space or this training 
course to present the operating procedures for 
each type of compressor. The following op­
erating procedure Is of a genornl nature . 

STARTING A COMPRE:SSOR 

I. Inspect and clean the compre88or ex­
terior . Tighten any loose nuts. Including founda­
tion bolts. Remove any loose equipment that 
may be lying around. 

2. Check the oil r eservoirs and (II neces­
sary) fill to the proper level wlttt the correcl 
gr::.dc of oll. Prime the oil pump and lubricator . 

3. Set the overspeed tripping (levice (If 
provide(!) . 

4. Jack the compressor over by hand. (Be 
sure the power is off .J 

5. Turn on cooling water to the cooling sys­
tem. Vent !he system. 

6. Open all air system stop valves. 
7. Open all separator drains anll remove all 

accumul~tlons of moisture or oil from the sop­
arntors. These should remain open until the 
compressor Is running . 

8. When the compressor is u1> 1o normnl 
speed, gradually put a load on the compressor 
by closing the separator drains and Indicator 
cocks. taking care to close those connected with 
the first stage, and then those connected wlth 
the second stage. If fitted with additional stages, 
continue p1·ogresslvely through these stages. 

OPERATING A COMPRESSOR 

1. After the compressor has been In oper a­
tion a few minutes, recheck the oll level In the 

r eservoirs; lf It has fallen appreciably. add 
su!!lclent oil to bring the level to normal. 

2. Drain the receivers and accumulators at 
least once each watch. 

3. Adjust the flow of cooling water so as to 
cool the air properly between stages. For com­
pressors using salt water for cooling, the tem­
perature oC the outlet water must not be nllowed 
to exceed 125°F. 

4. 01·aln the Inter cooler and the tt!tcr cooler 
separators frequently and regularly. 

5. Check the operation of all r elief valves 
regularly-use the hand levers. when provided. 

6. Read the pressure gages and thermome­
ters regularly while the compressor is In 
operation. 

Securinit Is usually the reverse of the 
starUng p1·occdure . 

CARE AND MAINTENANCE OF 
AlR COMPRESSORS 

The over-all problem 1n maintaining com­
pressed alr systems is 10 take the necessary 
steps to prevent a reduction In compressor 
capacity. Some or the common troubles which 
reduce compressor capacity. and tho causes 
of these trouhles, are as follows: 

Tr oubles 

Overheating or 
air cylinders 

Air LeakS 

Reduction In 
capacity 

Causes 

Insufficient cooling water . 
Cooling rlns dirty. 
Leak-y air valves. 

Worn piston rings. 
Leaky air valves. 
Leaky flanges. fittings, (In 

coolers) tubes and tube 
sheets. 

Leaky \•a lves. 
Leaks in system, 
Worn piston r lngs. 
Insufficient speed. 
Clogged Intake fillers. 

To keep a ship's air compressor operating 
efficiently al all times and to prevent ns many 
troubles as possible, it lsnecossary 1olmowhow 
to care !or ah" h1takes and filters; how to main­
tain and re1)lace air v:>.lves; how to t:i.kc care or 
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air cylinders, pistons, and wrist pins, how to 
adjust bearings and couplings; and how to 
properly maintain the lubrication, cooliJig, con­
trol, and a ir systems. 

Affi INTAKES AND 
CNTAKE FILTERS 

A supply of clean, cool, dry air is essential 
to the satisfactory oper ation of compressors. 
To ensure this. the Affi INTAKE FILTERS 
must be regularly inspected and cleaned; other­
wise, the filter becomes cl<lla;~d and causes 
loss of capacity. Clogged air intake sc reens or 
filters may nlso cause compressors to draw 
oil from own crankcase around rings, or 
through oil seals. resulting in explosion or 
''diese lization. '' 

1'o clean, remove the lllter element and 
subject it io " Jet of hot water or s team, or 
plunge it int<> a s tr ong solu l Ion of sal soda. The 
filter body should be ru·ained and r eplaced. If 
the filter is the oil-wetted type, dip ii ln clean. 
medium grade oil and allow it to drain thoroughly 
before replacing the filter in the intake. Do not 
use gasoline or kerosene for c leaning tilters; 
fumes may collect and explo<lc in the compr<!S­
sor or receiveJ·. 

Care must also be taken lo prevent entrance 
of rain or spray into INTAKE PIPES. and means 
should be provided ror draining the intake pipe 
of any wale r which may co llect. The lines should 
be as short and direct as possible. 

Care musl be taken to prevent inl ake of 
exhaust gases Crom Internal comoostioo engines 
localed near compressors used lo supply air 
ror divers. Intake of explosive fumes shoutd 
also be prevenled from J\earby fuel tank vents, 
spilled oil, and gasoline adjacent to compressors 
used lo supply air for divers. 

Affi VALVES 

Air inlel ancl discharge va lves must bo kept 
clean and in good workinp; order . Leaky valves 
are generally dirty valves, and cause capacity 
loss. The valves are removed by first loosening 
their setscrews or c lamps, and then removing 
tholr cover plates . Each valve and valve un­
loader, if fiticd. may then be lifted out. Each 
valve should be marked, lo make certaill that ii 
is returned to the same port from which ll was 
removed. 

Valves removed for inspection should not be 
taken apal·t for c leaning unless the ir conclltion 

makes it neeessary. Dirt or carbon in valve 
po1·ts can usually be removed without taking the 
valve apart. This ls done by soaking the valves 
In kero$<me, and then giving them a stiff brushing 
or a light scraping. Valve action should be 
tested by insert ing a screwdriver through the 
seat ports; the vnlve should lift and close freely. 

U it becomes necessary to disassemble the 
valve, note the an-angement ol' the various parts 
so that the pl'Ope1· rela tionship will be kept 
when tile valve is reassembled. (Periodic shlp­
bOard reports ln<11cate damage to pistons and as­
sociated valve parts resulting from improperly 
assembled valves that protrude In the way or the 
oncoming piston.) 

Before replacln(l air valves it1 a cylinder. 
inspect the gaskets and replace any which are 
damaged. Copper-covered asbestos or plain, 
th in copper gaskets should be used. If these are 
not available, 1/16-inch compressed-asbestos 
sheet gaskets mny be used temporarily. Each 
valve assembly should be inserted in the same 
hole from which it was removed. Since lt may 
be dllficult, in many cases, to distinguish be­
tv;een suction or discharge valves! extren1e 
care must be taken when the valves are being 
lnserte ct in the cylinder . Make certain that 
suction valves open TOWARD. :uid the discharge 
valves AWAY FROM, the center or the cylinder ; 
otherwise serious damage or loss of capacity 
will rcsull. Then place the valve cover on the 
cylinder, making certain that its gasket ls 
squal'ely in place; <lra\\' d0\\'11 on cover nuts 
evenly, and in turn, so as not lo lilt the cover . 
Tighten dO\m the valve setscrew or clam11ing 
boll, drawing it light to hold the valve on Its 
seat . l! specia l lockouts are not provided lo seal 
agatnsl leakage a t the thr eads of the valve set­
screw, a turn of so lder or fuse wire s hot1l(l be 
placed around the screw and set down into a 
recess by the locking nut. 

CYLINDERS AND PISTONS 

The cylinders :u1d pistons should be inspected 
only AFTER the manufacturer's technical man­
ual has been consulled. Care sh~ald be taken 
when removing heads, pa rticular ly wher~ met:i l­
to-me\a l joints nre involved, lo prevent damage 
to the joint. Where joints arc fllted wilh a gas­
ket, the gaskets can occasionally be saved by 
running a knife blade in bclween the gaskel and 
head. after the head has been li!tcd not over 1/ 4 
inch . 
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If REPLACEMENT OF PISTON RfNGS is re­
quired because they ar e worn or broken, accurate 
measurements of the cylinder liners should be 
taken. Standard sli.e rings may be used in ove1·­
size cylinde1·s ii the oversize does not exceed 
0.003 incl\ per incl! of cylinder diameter. The 
LINER may also need to be replaced if it is 
badly worn or out or round. When replacing 
piston 1· inp;s, first fit them to the cylinder to 
check for proper end clearance. File the ends, 
I! necessary, to make them flt. The side c lear ­
ance of the rings should be such that rile rings 
will fall easily into the piston g1·ooves, which 
should be deep enough for the rin(l thicJo1css . 
Ring splits should be staggered. After assembly 
of tile piston, wire the rings tight with a soft 
copper wb:e, so that they wlll enter the bo2·e 
easily. Tills wil:e can be removed through the 
valve ports after the 1•\ng has started i11to the 
cylinder bore . 

When REASSEMBLING the air cylinclers and 
heads, be sure they are all drawn Clown evenly, 
especially on multistage compressors where 
the heads contain cylinders for third and fc>urtll 
stages. Otherwise, excess wear on the cylinders 
and pistons will result. 

When a compressor piston has been r eplaced, 
the PISTON END CLEARANCE must be checked. 
This is done by inserting a lead wire through a. 
valve pert or indicator connection. Jack the 
compressor over . When the piston has moved 
to the end of Hs stt·oke, the lead will l)e flattened 
to the exact amount of clearanc., . The wh·e 
should be long enough to permit a reading near 
the center of the piston. These r eadings sbould 
also be tal<en afte1· any adjustment or replace­
n1e nt of these bearlngs: lll:l.in, crank pin, \\1rist 
pin, or crosshead. Methods of adjusting the 
clearances vary In accor dance with compressor 
desi!l'n; consult the manufacturer's instructions 
for this adjustment. 

MISCELLANEOUS ADJUSTMENTS 

Other miscellaneous adjustments 1·equired 
from time to time on compressors include those 
pertaining to wr ist pins, crosshead shoes, r e­
duction gears, couplings, rui<l V-belt dr ives. The 
nl:\nufacturer's technical nianual \Viii give you 
speciiic information for the cai·c, adjustment, 
and replacement of all fitted hearings. Refer to 
the manufacturer's Instructions for detailedand 
specific ill!Ormation regarding \Vhen ~1nd ho\v to 
make these adjustments . 

WRIST PIN BUSHINGS are REPLACED 
WHEN NECESSARY. This is done when they are 
worn to lhe point or becom Ing noisy. h1 making 
a replacement, be sure the oil hole in the 
bus hing' is properly lined up with the oil hole 
in the connecting rod. After being pressed into 
tlle r od, the new bushing must be reamed. 

CROSSHEAD SHOES are provided witb shim 
or wed_~e adjustment. Wear s llould be slight, 
but adjustment shou ld be made when the travel 
of tile piston rod causes a movement in the 
stuffing boxes. 

Alignments of REDUCTION GEARS AND 
PINIONS should be checked periodically, es­
pecially on a new compressor . Mlsalignment 
may be caused later by settling, straining, or 
spl'ing ing of foundations; pipe str ains on turlline ­
dr iven cornpressors; bearing v:earj orspringi.ng 
due to heal from a turbine. 

FLEXIBLE COUPLINGS require very little 
malntenance when properly lined up. Some 
types require occasional lubrication to prevent 
excessh•e wear of springs or bushings. A noisy 
coupling is an indication that. the bushbll( is worn 
and requil'eS r eplacement . 

Y-BELT DRIVl!:S r equire adjustment ror 
belt tension . Bells gener ally stretch slightly 
during the first few months of use . A loose bell 
will slip on the motor pullf>y and cause undue 
heating and \\'ear on the belt. A tight belt will 
overload the bearings. Belts should be protected 
aga inst oil, and should not be ii sed at temper:•­
tures above 130° F, lo prevent rapid deteriora­
tion . V- belts are usually installed in sets of two 
01· three. If a single belt is worn or deterior­
ated. then the complete se( should be replaced 
to ensure that each belt will c:1rry its share of 
the load. 

LUBRICATION SYSTEM 

Proper care or a comprcsso1· lubrication 
system includes the following pt"Oceclures: 

1. Keeping the o il at a normal lave I in tile 
reservoir at all limes. to maintain proper oil 
temperature . 

2. Chang ing crankcase oil pe riorllcally. and 
at the same time cleaning and flushing the crank­
case and cleaning the oil filler . 

3. Maintaining proper lube oil pressure , by 
keeping the oil pump in good working orde r and 
adjusting tile bypass relief valve. 

4. Keeping the oil cooler free from leaks 
(slnce pressure on water side exceeds that of 
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the oil), to prevent oil contamination and emul­
sification. 

5. Properly adjusting the lubr icator for the 
specirled quant ity of oil feed. 

COOLING SYSTEM 

Proper car e of a compressor cooling system 
includes the following inspections and main­
tenance procedures: 

1. Period ically ins pecting the inte r coolers 
and afte r cooler s . 

2. Re moving collections of gummy oils or 
tar ry substances from the cooler tubes by wash­
ing tube nests with a suitable solvent . See that 
they are thoroughly dry before r eassembling. 

3. Correcting any leakage in tube nests, to 
prevent leaks of water Into the compressor while 
secured, or leaks or air Into water side during 
ope r ation. 

4. Inspecting and c leaning cylinder water 
jacl<ets period ically with a cleaning nozzle . 

When FILLING THE COOLING WATER SYS­
TEM after lhe compressor has been drained, 
open the water inlel valve slightly to allow the 
water lo rise slowly in the cooler shells and 
water jackets. Vent valves fitted to lhe water 
spaces should be opened to permit entrapped 
air to escape , and to remove any air pocke ts . 

CONTnOL DEVICES 

Because of the great variety of REGULATING 
A!\'D UNLOADING DEVICES employed on com­
p1·essors, you will have to consult the manufac­
turer's teclmical manual ror inCormat ion r egard­
ing the adjustment of these dev ices on par ticular 
compi·essors. 

lJ' a CONTROL VALVEf':liis toworkpropcdy, 
it should be taken apart and cleaned. Some 
valves a1·e fitted wilh a filler filled with a sponge 
or woolen yarn to prevent particles of dust or 
grit from being carried Into !he valve chamber . 
and to remove gun1my deposits from oil used in 
compr~ssor cylinders. \Vhen repl\Cking, use 
only genuine wool. Cotton will pack and s top the 
air flow . HELIEF VALVF.S, very important ror 
safe compressor operation, shoukl he set as 
specified by the manufactur er, tesl-liftad l)y 
hand each time the compr essor is placed in 
operation. and periodicnlly tested by raising the 
pressure in the spaces to which they are at­
tached (to check the setting) . 

Affi SYSTEM EQUIPMENT 

The air flasks and separators or surface 
ships must be given a surface Inspection every 
three monlh.s , These inspections are made to 
determine if ther e ls any external cor r osion or 
damage to flasks or piping, High pressur e piping 
must be inspected at each regular overhaul and 
cleaned if oil is found. Air flasks must be blown 
down weekly. Moisture separators installed 
down stream of the compressor must be blown 
down hourly dudng oper ation orthecompressor. 
Filter elements must be changed In accor dance 
with existing instructions. 

Tbe drainage of a ir system equipment must 
be suffic iently frequent to prevent excessive 
accumulations or moistur e and oil. 5\Jch accumu­
lations not only cause internal corrosion and 
fouling or moving parts, but also create a serious 
hazard in that excessive oil accumulation may 
cause an explos ion. 

In addition to sh.ipboarcl inspec tion and main­
tenance of high-pressur e air flasks and separa­
tors , there must be an inspection, c leai1ing, test­
ing, and r epainting performed at prescribed 
Lr1tervals by a 1·epair act ivity. For surface ships 
U1e initial and subsequent Intervals should not 
exceed six years. Inspection intervals fo1· 
separ ator flasks should be approxlmately every 
three years. However , if there is r eason to be­
lieve lhat serious corrosion ls taking place in 
e ither the exterior s or interiors of a ir Hasks, 
inspection should be made befor e the e lapse of 
the norm a I interval. 

The periodic examinations should includenol 
only a complete examination of the interior and 
exterior surfaces of flasks and separators, but 
a thorough c leaning, u ltrasonic Inspection , and 
the perror mancc of hydrostatic tests . Flasks 
which pass the hydr ostatic tosl ar e g iven the 
prescr ibed Internal pr otective coating , and the 
exter ior sul'faces ar c painted tr necessar y. De­
tailed information on ihe inspect ions and main­
tenance perform~d by naval shipyards can be 
found in the 9.lreau of Ships Technical :Manual. 

INSPECTION AND TESTS 

Mlnim\1m requirements for the performance 
of inspect ions and tests on compressed air 
plants are shown in figure 14-10. 

It is the responsibility of the engineer offi­
cer lo determine if the condition of t11e equipment, 
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hours of service, or operating conditions ne­
cessitate more frequent inspectlons and tes ts. 
Details for outline tests and inspections may be 

Time 

When starting com­
pressor fo1· first 
time, or stru.~t·ing one 
which has been iclle 
for some time. 

Before starting any 
compressor. 

After starting com­
pressor. 

At frequent inter vals 
during compressor 
operation. 

Action 

Inspect all intake and 
compressor control 
lines for obstructions 
and fo1·eign matter . 

lnspect interior and 
exterior of compres­
sor. 

Jack over several 
times by hand. 

Test relief valves by 
hand. 

Test ope1·ation of au­
tomatic controls. 

·rest for excess Lul.le 
oil by opening com­
pressor separator 
and receiver drains . 

Check instruments for 
signs of improper op­
eration. 

ROUTINE TESTS (Record results in Engineer­
ing Log.) 

Daily ....... • . .... J ack over all compres­
sors l.ly hand. 

Weekly ..... . . . .. . Run compressors by 
power. 

Montl1ly .... . • . .. .. Inspect all air inlet and 
discharge valves. 

Quarterly .... . .... . Measure starting and 
operating power of 
n1otor- drive11 corn­
pressors; if exces-

obtained from the appropriate manufacturer's 
technical manual or from the Bureau of Ships 
Technical Manual. 

Time Action 

sive, overhaul ls nec­
essary. 

Make gene1·al inspec­
tion of all compres­
sor par ts; pt1ll pis­
tons and remove 
comiecting rods only 
if cylinder conclltlons 
and other conditions 
indicate necessity. 

Test operation and set ­
ting of speedlimiting 
and emergency over­
speed t ripping de­
vices, if installed. 

Atmually . . . . . . . . . Test all par ts of the 
air system tmder full 
pressure. 

During Naval Shipyard 
Overhaul Period .. . . Disassemble and in­

spect compressor . 

At Prescribed 
Intervals . ... , , . . 

At Discretion of 
Engineer Officer . . 

Test all relief valves 
by pressure. 

Insp@.et interior of air 
receivers. 

Test hydrostatically, 
at 1 1/2 t imes the de­
s igned \l/Orkingpres­
sur e, all lo\v and n1e­
diu1n pressure air 
accun1u1ators or re­
ceivers. 

Test capacity of com­
pressors . 

96.33.0 
Figure 14- 10.- Tests and inspections for compressed air plants . 
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SAFETY PRECAUTIONS 

Peak operating perrormance from a com­
pressed air plant requires that steps be taken to 
prevent or minimize the occurrence of cas­
ualties which may reduce plant capacity or result 
In serious damage. Explosions are a potential 
ha~ard, especially In high-pressure systems, 
and personnel should take every possible pre­
caution to prevent them. To help prevent explc>­
sions and to maintain a compressed air plant in 
satisfactory operating condition, the following 
safety precautions should be observed: 

I. Minimize the posslbllity of explosions in 
an air compressor, discharge line, or receiver by 
taking approp1·1:\tc steps to prevent or e liminate: 

a. Dust-laden Intake air. 
b. Presence or oil vapor in compressor 

or rece Iver. 
c. L.eaklng or dirty valves which result 

In abnormally high temperatures. 
2. See that the compressor intake receives 

only cool, clean, dry air . 
3. use only prescribed agents for cleaning 

compressor Intake filters, cylinders, or air 
passages. DO NOT use benzene, kerosene, or 
other light oils that vaporize easily and that, 
under compression, form a highly explosive 
mixture with nlr . 

4. Use only the minimum amount and the 
p1·oper gr ade of oil for cylinder luhrlcatlon. 

5. Secure compressor immediately if there 
Is an almormal l'lsc In the temperature of air 
discharged from any stage. 

6. Make sure that a relief valve Is Installed 
between a compressor and a stop valve or check 
valve, if either of the latter valves Is Installed 
between a compressor and receiver. Otherwise, 
it the compressor is started against a cloaed 
valve or a deranged check valve, the air cannot 
escape and a ruptured line will result. 

7. Never leave a compression station a!ler 
starling a compressor- especially one thM Is 
new, or one that has been idle for some time­
without making certain that control, unloading, 
and governing devices are functioning properly. 

8. Do not disconnect any part or a compres­
so1· IC the system Is under pressure. Serious 
accidents can be avoided if the rollowlng p1·0-
cnutlons are taken before servicing or removing 
any part or a compressor: 

a. Leave pressure gages open. 
b. See that the compressor is actually 

secured and cannot be started automatically or 
accidentally. 

c . See that the compressor ls completely 
blown down. 

d . See that all valves, Including the con­
trol or unloading valves, between the compr essor 
and receiver are closed. 

9. Prevent damage from excessive tempera­
tures by operatl~ a compressor at recom­
mended speeds and maintaining proper coolb1g 
water circulation. 

10. Drain the circulating water system of a 
compressor if It is to remain idle for any length 
of time, 01· i ! it Is to be exposed to tr1~ez lng 
tempernture. 
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CHAPTER 15 

ADDITIONAL AUXILIARY EQUIPMENT 

This chapter provides general information 
on the operation ancl maintenance of steering and 
hoisting mechanisms and the care of hydraulic 
systems. 

ELECTROHYDRAULIC SPEED GEAR 

Some units of the auxiliar y machiner y s uch 
as the anchor windlasses, are required to operate 
at variable speeds over a considerable range. 
In addition, there must be close control or speed 
between n1axin1um and n1inimum limits. A 
common requirement of some auxiliary machin­
er y units is high starting torque and ability to 
accelerate to maximum speed quickly. To meet 
these requirements in most Navy ships, tile 
electrohydraulic drive h.as been adopted. Be­
cause some electromechanical and stean1-driven 
auxiliary machiner y units are still being used, 
we will cliscuss these units in the section deal­
ing with s teering gears and their controls. 

Jn an e lectrohydraulic drive ~ rotary motion is 
transmiited by a combination of an electrican,­
driven hydraulic pump {A-end) and a hydraulic 
motor (B-end). See figul·e 15- 1. For a discus ­
sion of the operation of this pump (axial piston 
variable-stroke pump) refer back to chapter 9 
of this publication. Although radial piston 
variable-stroke pumps may a lso be utilized, the 
axial piston pump will be used as the example of a 
hydraulic pump in this chapter . 

The B-end is made to rotate by the hydraulic 
force of the oil acting on the pistons . Movement 
of the pistons' A-end is controlled by a tilt box 
in which the socket ring is mounted. 

i\.1oving the ti lting box one way or the other 
will control the dir ection of flow, and the amount 
of angle at which the tilting box is placed in 
either direction controls the length of piston 
movement. This in turn controls the amount of 
fluid flow. The socket r ing in the A-end is 
always in motion, but with the tilt box in a 

neutral or ver tical position no oil is pumped 
to the B- end. Any movement of the tilt box, re­
gar dless of how slight, causes pumping action to 
start, and therefore causes immediate action in 
the B- end. 

When r eciprocating motion is required, such 
as in a steerini; gear, the B- encl is r eplaced by 
a piston or ram. The force of the hydraulic 
fluid causes movement of the piston or ram. 
The tilt box in the A-end can be controlled e ither 
locally (anchor windlass) or by r emote contr ol 
(steering gear). 

USES OF ELECTRO.HYDRAULIC SPEED 
GEAR 

Electrohydraulic drives are used for driving 
or contl'olling steering gears, \vindlasses, 
winches, capstans, airplane cranes, am.munition 
hoists, airplane e levators, and distant control 
valves . This chapter contains infor mation on 
el ectr ohydr aulic drives and some machinery 
with which they are used. 

ADVAJll"TAGES OF ELECTROHYDRAULIC 
MACHINERY 

The electrohydraulic type of drive effic iently 
meets the ope1·ating r equirements of certain 
naval machiner y. Some of the major advantages 
of electrohy<lraulic machinery are that it: 

1. Incor porates tubing which r equires very 
little space and readily transmits fluids around 
corners. 

2. Allows flexibility in location of compo­
nents. 

3. Oper a tes at variable speeds, when r e­
quired. 

4. Permits close control of speeds from 
minimun1 to ma.ximunt limits . 

5. Permits rapid shifting from no load to 
full load rapidly without damage to machinery. 
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GAGE GLASS 

AtR ESCAPE 
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DECK CONTROi. 
FOR TILTING eox 
OR F'\.ClATING RING 

H~UO WHEEL fOR 
LOCAL COH fROL 

COUPLING 

47. 138X 
Figure 15-1.-An eleclrohydraullc power transmission system. 

6. Accelerates quickly. 
7. Has a high rate of efficiency. 
8. Has favorable power to weight ratio. 

STEE!llNG GEARS AND THEffi CONTROLS 

The three types of steering gear used on 
naval ships are: eleclrohydraullc, electro­
mechanical, and steam-driven. 

EtECTROHYDRAULIC STEERING GEAH 

Most steering gear installations on naval 
ships are of the electrohydraullc type and use 
only the A- end of the previously described 
e lectrohydraullc speed gear . The development 
of this type was prompted primarily by the 
large momentary e lectrical power requirements 
for electromechanical steering gears-partic­
ularly for ships of la1·ge displacement and lrig-h 
speed. Also the elimination of d-c power from 
ships made switching and speed control of 
e lectric motors more difficult. Advantages of 
tho electrohydraullc steerlng gear are : 

1. Little friction and iner tia of moving 
parts, such as in heavy differential screw and 
gears. 

2. Low power consumption peaks. 
3. Sensitive resp0nse, with little lag, to 

movements of the steering wheel. 
4. Small deck s pace andhend r oomrequired. 
5. Savings h1 weight. 
6. Flexibility in the arrangement of hydr au­

lic cylinders. pumps, and control mechanisms. 
7. Dependablllty. 

Types of Steering Gears 

There are various types of electrohydraullc 
steering gear layouts in use, but their operating 
principles are about the same. Some ships have 
double hydraulic rams and cylinders mounted 
fore and aft; others llave double-cylinder single 
rams mounted athwartship. Some systems use 
nxlal piston variable-stroke pumps; others use 
radial pi ston pumps. 

Information on e lectrohydraulic steering 
gear components can be obtained from manu­
facturers' technical manuals. 

How The Steering Gear Operates 

Figure 15-2 shows a simple diagrammatic 
arrangement of a double-ram type electrohy­
draullc steering gear . The RUDDER YOKE 
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is connected to two hydraulic PLUNGERS or 
RAMS, each of which is equipped with CYLIN­
DERS at both ends . The pressure of the hy­
draulic fluid in tile closed system is maintained 
by one of the two electric motor driven, rotary, 
positive displacement, VARIABLE- STROKE 
PUMPS. The rate or Uuid delivery is regulated 
by the angle of the TILTING BOX in the hydrau­
lic pump, which is in turn controlled either 
e lech' icnlly or hydr aulically from the steering 
whee l on deck. The CO!\"TROL SHA FT and 
gearing are indicated in figure 15-2. 

Nole that the Coi·ward por t and after starboard 
cylinders are interconnected (through piping), 
and that the same Is true of the forward star­
board and the after port cylinders. A double­
acting RELIEF VALVE ser ves to bypass the 
fluid fr <Jm the supply (or the discharge) to the 
r e tur n (or the suction) line, thus relieving the 
piping from excessive strain- sbould an un­
usual resistance to the rudder (caused by wave 
action or by jamming) r esult in abnormal oil 
pressures. The motor runs at constant speed. 

YOKE 

SELF SYNCHRONOUS 
RECEIVER 

Starting with a neutral position of the tilling 
box and no flow o! oil, suppose the STEERING 
WHEEL is tur ned to star board. Turning lhe 
whee l on the bridge causes an e lectric signal 
to be transmitted to the svochronousreceiverin 
the steering gear room.· The SYNCHRONOUS 
RECEIVER will then turn correspondingly 
(counterclockwise In fig. 15-2, as viewed from 
the left) . Shaft A Is turned c lockwise, car rying 
gear B with H. Tho gears C, meshing with 
gear Banclinternal gear teeth on E, turn counter­
c lockwise. Then E turns counterclockwise and 
turns the CONTROL SHAFT, which operates 
the TILTING BOXES on the PUMPS. A quantity 
of oil now nows to the forward port and after 
starboard cylinders, Ille rams move as indicated 
in figure 15-2, and an equal por l ion of oil is r o­
lurned to the pump from the opposite cylinders. 
The rudder is thereby caus ed to move to the 
right. 

When the steering wheel and synchronous 
receiver s top moving, the starboard ram. in 
moving forward, operates the RACK AND 

RACK AND 
PINION 

e 
PLANETARY 
DIFFERENTIAL GEAR 

. RUNNING 
MOTOR 

CONTROL SHAFT 

• SUPPLY 
~RETURN 

47 . 139X 
Figure 15-2.-Slmple diagrammatic arrangement or a double-ram e lectrohydraullc steering gear. 

431 



ENGINEERING, OPERATION AND MAINTENANCE 

PINION and turns gear 0 clockWlse. Gear B 
and shalt A are held by the now motionless 
synchronous receiver, and gears C and casing 
E turn clockv.ise, tnus returning the tilting boxes 
to the neutral position and slopping the flow of 
oil. The PLANETARY DIFFERENTIAL GEAR, 
thereby, operates as a followup mechanism. If 
the steering whee 1 is turned to port, I.he actions 
described ;u·e the opposite il1 c:Urecllon. 

In some installations, two sets Of synctu·onous 
receivers and two sets of e lectric motors and 
pumps, are provided for reliability and flexibil­
ity. (Destroyers and smaller ships normally 
have only one receiver in tho steering gear 
room.) The SIX-WAY PLUG COCK makes it 
possible to transfer quickly from the operating 
pump to the standby pump. 

The single-ram type or electr ohydraulic. 
steering gear, i llustrat~d in figure 15-3, op­
erates on the same principle as does the double-

AUT0!1,1;AUC tr.PASS 
YAlvt 

POllT 
CY\.INOSR 

ram type. The only difference is that there is 
bot one ram, with port and starboard cylinders. 
As the port plunger is forced to move by the 
pr essure of oil against it, the starboardptunger 
moves correspondingly and forces the same 
amount of oil out of the starboard cylinder . 

STEAM-OfllVEN STEERING GEAR 

There are many types of steam· driven steer ­
ing gears, but all of them operate on tbe same 
general principle. You should unde1·stand this 
general principle, as well as what Inspections 
should be made, and how to maintain the mech­
anism ln good working order. 

Principles of Operation 

Flgu1·e 15-4 illust rates a right- and left­
screw steering gear . Turning e ffort ls through 

STl(llNG W'Hlll 
()t(&lll)G( / 

ELECTRIC CONTROL) 
SYSTEM 

JRANSM1nu1 UNIT 

TRANSFER SWlTCM TRANSMI~ 
CURRENT THROUGH EITHl!R 
CABLE OR f lfHUt lRAN$.MltlEA 
TO RECEIVER AS Slll!(TlO 

T'A.ICI< WHEEL r:oa 
HANO CONTROl 

STAR80ARD 
~~'lw~ 

$'1RA\. GlAU ,,.,. 

27.83X 
Figure 15-3.-Diagi·ammatlc arrangement of a singla-ram c lcclrohydraulic steering gear . 
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a gear train comprised of a spur gear on the 
power input shaft, which drives the rlghl­
threaded and left-threaded screw shaft. The 
drive nuts on the screw shaft move forward and 
aft as the shaft turns and the links transmit 
the movement to the r udder yoke wbich is keyed 
to the stock or the rudder. Figure 15-5 Illus­
trates a worm gear and quadrant type steam 
steering gear. Two or more cylinders are used 
on this steering gear (each acting as a simple 
reciprocating steam engine), driving a common 
crankshaft . The cranks are placed at right 
ang les when two cylinders are used, to provide 
for a continuous even torque, and to keep the 
engine from ever being at a dead center posi­
tion . To r educe the height or the insta llation, 
the cylinders are sometimes placed in a hori­
zontal or an inclined position. 

Except for use on some auxiliary ships. 
steam-driven steering engines have been ab.'\n­
doned because of vulnerability of the steam 
piping, lost heat, poor economy, excessive space 
and height, and Jack of flexibility. 

Inspection and Care of Steam-Driven 
Steering Gear 

All bearings in the steering engine must be 
well lubricated. Bearings that are difficult to 
reach 01· those located in hot places should be 
given special attention. 

RUDDER 
YOKE 

BRAK£ OPElATIN& lOD 011fffj& HUT 

Liil 

Emery, emery cloth, or any other gritty 
substance should never be used !or cleaning 
the bright surface of the steering engine or its 
associated gear. The spaces aclJaccnt to gears 
must be kept clean, and not used as storage 
places !or c lot hing or other ar ticles. Such 
material might become entangled with the trans­
mission gears. 

When the ship is not underway, and the steer­
ing gear ls not ln use, the steering engine should 
be turned over at least twice a week to preserve 
the pistons, valve stems, and other working 
parts. During freezing \veather, steering engines 
not in use should be drained or waler, and the 
drain valves left open so that condensate or any 
leaking exhaust steam may drain, Be sur e the 
drain holes aro kept c lear ; otherwise. the cyl­
inders or Jackets may freeze . 

ELECTROMECHANICAL STEERING GEAR 

Electr ic motors were firs t lnh·octuced as 
prime movers of steering gears on combat 
ships to serve in cases of failure of the steam 
steering cnitines. Later on, hOwever, they 
were used as the primary source o! po11o·er . 
v.ith steam as a reserve . This type or steering 
equipment may be found on naval auJC:iliary 
ships which have been converted from maritime 
type ships . 

PEDESTAL sccuaco 
TO OlCK 

TRANSMISSION SKI.FT 
FROM STURJN& lN&IHl 

47. 140X 
Figure 15-4.-Righl-and-le ft screw steering gear . 
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Pl~ION 

OOAORAtlf 

lUCS TO 'l\l11CH 
' TACt:Lt 4S ATTACHEO . 

47. l41X 
Figur e 15-5.-Worm geal' and qoadrmit type steering gear. 

Principles of Operation 

The princl1>les of operation are practically 
the same in all e lectromechanical steering 
gears. Any differences that exist are main ly 
in the ma.nner in v.•hich the dri viJ1g n1otor is con­
nected to tile rudder stock, and the method by 
which the motor is controlled. The e lectric 
motor drives a righl-and-left screw (fig. 15-4), 
or worm gears and quadrant (fig. 15-5), as with 
the steam-driven gears. Control may be either 
follo""ll or non-followup. In tile non-followup 
type the motor is controlled by a master con­
troller at the steering station. The fo llowup 
type of control usually uses a r oller and ring 
type contact in the steer ing engine stand. The 
rollers arc geared to the helm and rotating the 
wheel brings a roller in contact with a contact 

ring. The r ing is connected to the motor 
control pane l and when the circuit is closed, the 
motor turns in the proper dir ection. When 
tile ring has rotated to the r equired position, 
the c lcctrical circuit is broken and the motor 
stops. Most wire rope and chain dr ive steer­
ing gears use a followup control system. 

Maintenance of Electromechan;cal 
Steering Gear 

The following instructions ar e for the car e 
and inspection of electromechanical steer ing 
gear. The frequency of inspection usually de­
pends on the amount of operation and operating 
conditions. Inspections should be conducted at 
least once a month. 
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I. Gears and bear ine:s should be lubricated 
in accord:lllCe wiU1 the manufacturer's leclmical 
manual. 

2. Fine sandpaper should be used 1oclean the 
inner and outer surfaces or contact rings. 

3. The a ir gaps betweenrlngscctlonsshould 
be cleaned by passing a piece nf paper througll 
the gaps. 

4. Ensure that brushes slide freely in their 
holclcrs and bear square ly on their surfaces. 

5. Check contact r ollers ror freedom of 
movement . 

CONTROL OF STEERING GEARS 

Control o! lhe steering gear from the steering 
wheel on the bridge may be accomplished by 
any or the following r emote contro l systems, 
although most modern naval ships use the first 
one : 

I. ELECTI\ICALLY, by means or an al­
ternating current synchronous tr:lllsmission 
systcn1. 

2. llYORAULJCALLY, by means or a hy­
draulic telcmotor system. 

3. ELECTRICALLY, by means or a direct­
current pilot motor and its controller. 

4 . MECHA1''1CALLY, by means o! sha!ting 
or a wire l'Opc from the steering station. 

Alternal ing-Cur 1·ent Synchr onous 
Transmission 

The alternating-curr ent synchronous trans­
mission 1ypc of r emote control consists of re­
ceiving nnd transmitting units which are similar 
lo small motors; these are connected to tile 
same alternating- current sup11ly. When the 
trnnsn1ltter rotor is turned. the receiver n1otor 
tu1·ns at the same speed and In the same direc­
tion. 

The transmitters are located ln s teering 
stands at 1·emotc contr o l s ta tions and are 
mechanically connected through i;earing lo the 
steerlns- wheels. A transmitter nt one of the 
r emote stations is electrically connected to a 
receiver in the steering roon1. The receiver 
is connected to the control shaft or lhe variable 
displacement hydraulic pump through a differen­
tial. Where more than one remote steering 
station Is provided, a switch is provided !01· 
selecling the des ired contr ol station. Indicat­
ing lights a1·e provided on the steering stands 
mld at the selector switch to indicate the SB­

lected circuit and that powor Is available . 

Hydraulic Telemolor Control 

The hydraulic telemotor type or remote 
control (fig. 15-6) is found on many Navy 
auxiliary ships equipped with cloctrohydraullc 
steering engines . The system (/\ and C o! 
fig. 15-6) consists of a s teering console (hy­
dr aulic transmitter) in the pilC>l house; a hy­
dr aulic receive1· in the steering gear c11mpart­
ment, and connecting hydraulic lubing . Ill 
addition, there is an e lectric cable which con­
nects thP h~lm angle transmitter on the r e­
ceiver !lousing with the helm angle Indicator 
on the steering console . 

A hydraulic tral1smitter Is located inside 
the steering console and under the steering 
wheel. The hydraulic transmitter components 
cons ist or a pu mp, hydraulic tubing, two relier 
valves, two check valves, a re plenishing tank, 
and a bypass valve . The remote ly located 1·e­
ceivcr Is a hydraulic plunger-type unit with 
two cylinders-one on each end of lhe r eceiver 
housing-in axial alignment. A double-acting 
plunger operates in the cylinders. On the 
middle portion of this plunger a crosshead 
is connected ror mechanical linkage to the 
steering gear control mechanism. 

The direction o! the hydraulic fluid move­
ment depends upon the direction or 1·otation of 
the steer ing wheel. Rotation of lhe steering 
\vhe(~I Hcluales bevel and s pur ge:lt' S \Vhich in 
turn operate a r eversible, hydraulic, axia l 
piston type pump. The opera ttng pl'lnciples 
of this pump are similar to those of the axia l 
piston variable-stroke pump. 

In the reversible axial piston llUmp. however. 
the socket ring is set permanently at a fixed 
angle so that the pistons are always on stroke. 
When the pump shaft and cylinder bal'l'el are 
rotated by moans of the steerini: wheel, the 
pistons draw fluid ln from one hydraulic fluid 
line and discharge it to the other hydraulic 
f luid lino. L\ovcrsing· the rotation or tho steer­
ing wheel r everses the direction of rluicl now 
through the pump. The pump M s external 
check valves and piping for replenishing lhe 
hyd1·aulic system r1·om the tank. Relief valves 
and a bypass valve (B, rig. I 5-6) are also 
Included, as well as vents for purging the 
system. 

When the hydraulic pump shafl Is rota1ed in 
one clirecllon , the fluid outpm is dlscha1·gecl 
from one s icle of the 1~1mp lo ono of tho re­
ceiver cvilnders. in lhc olher cylinder. hy­
drm1lic fluld is displaced to t ho hydraulic 
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Figur e 15- 6.- Hydr aulic telemotor control. 

pump. Thus the hydraulic fluid under p1:es ­
sure moves the rece iver plungers and produces 
a linear movement of the cr osshead. This 
motion is, in turn, tr ansmitted to the connected 
steering gear control mechanism. Travel of the 
crosshead and plungers is limited by adjust­
able stops on th<:! receiver housing. In figure 
J 5-6C, the solid arr ows show direction of 
action for rigl1t rudder while the broken anows 

show the Clow of hydraulic fluid for right 
rudder . 

Air cocks and filling or charging cormec­
tions are provided on the receiver C}'lindcrs 
for venting, filling, or purging the hydraulic 
systen1. 

FILLING THE TELEM01'0R SYSTEM from 
the charging tank is done by opening the air 
cocks at the forward te lemotor and star ting 
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Figur e 15-6.-Hydr aulic telemotor control-Continued. 
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tile charging pump. After tile oil has appeared 
at the air cocks, the pumping i s continued 
until the oil Is free of bubbles. The air cock,5 
are then closed and the oil allowed to fill 
the r e plenishing tank. While the pump Is s till 
operating , the valve leading to the replenisl1-
ing tank is closed and the system is subjected 
to a slight p1·essure . 

The effective ope r ation of the telemotor 
system depends upon the PURGING OF ALL 
ENTRAINED AlR and the elimination of leaks. 
Pt1rging the systen1 of air , under normal op­
erating conditions, is done by opening the 
valve leading from the replenishing t.ank, and 
the air cocks at the forwa1·d telemotor . Be­
cause the replenishing tank is located above 
the highest point of the tele motor system, the 
air is forced out of the air cocks by the gravity 
flow of oil. The cocks are closed when the 
oil flows smoothly without bubbles. 

To detect and e liminate leaks in the system, 
the valves and joints should be inspected fre­
quently. To correct a leaky piston in the inter­
nally packed telemotor, see that the lea thers 
are in good condition, and t hat the springs 
(when used) keep the leather in contact with 
the inside wall of the te le motor c ylinders. 
To stop leaks in the e xternally packed tele­
motor, lighten the glands just enough to cause 
the packing to be compressed about the r ams, 
until the leak is stopped. 

The HYDRAULIC FLUID CHARACTERIS­
TICS are especially important when the tele­
motor system is exposed to low ambient te m­
peratures. Under such conditions, a high grade 
mineral oil having a cold pour point of -24 °F 
to -40°F should be used. Where low te mpera­
tures are not involved or where special oil 
with the designated cold pour point cannot be 
r eadily obtained, the symbol 2075H oil may be 
used satisfactor i ly . The oil should have a low r ate 
of expansion and be sufficiently viscous at 150 °F 
to rcn1ain a good hydraulic f luid. 

When FILLING THE CHARGING TANK with 
hydraulic fluid. strain the oil into the tank 
through a funnel which has in ii a fine mesh 
screen. This pr events the entry of foreign 
rnatter and at the san1e time p1events the 
entr y of a ir bubbles into the hydraulic sys­
tem. The oil should never be allowed lo 
beconH.? contan1inated \\1i th waler . 

Direct- Current Pilot Motor Control 

The direct-current pilot motor type of re ­
mote control is use cl with some early electro-

hydr aulic s teering gear s. It consists of a 
small, rever sible direct· Current motor, \Vbich 
i.s connected, through a differential gear, to 
lhe contr ol shaft of a variable - stroke pump. 
The pllot motor is controlled by means of 
a magnetic contr ol panel localed next to the 
motor, and with a master controller located 
at the steering whee l. The motor has a mag­
netic brake which stops and holds the motor 
when the master contr oller is returned to the 
neutral position , 

Steering Engineroom Watch 

The duties of the s teering engineroom watch 
inc lude oper ation, care. and emergency repair 
of the mach\ne1·y in their cha rge. Oper ating 
instructions and system diagrams ar e posted 
in the steer ing gear r oom. The diagrams 
describe the various methods of ope r ating the 
steering gear under nor ma l as we ll as emer­
gency conditions. The diagr ams show the rel­
ative position of the valves concerned for 
Sell ing the gear for each method of operntion. 

During the steering engineroom watch, the 
s tandby equipm ent should be ready for instant 
use in an emergency. The steering gear 
should be inspected thor oughly. The unit in 
operation should be checked by feeling the 
various parts. Use extreme caution with 
moving parts to prevent injm·y to the hands. 
Any part tha t !eels HOT to lhe bare hand 
s hould be repor ted lo the OOD on the bridge 
and to the officer of the watch in main engine 
co11trol. Investigation for binding, overload­
ing, and lack of lubrication should also be 
acco1nplis hed. New or unusual sounds, \\lhich 
indicate loose parts or wear, should be detected 
and reported t.o the 001). All air s hould be 
bled out of the system, and a check made for 
leaks in the lines and fittings. Piping leaks 
usually occur following unusual strain (rougil 
seas). Most leaks can be cor rected by tighten­
ing the flange bolts . Very small leaks at ram 
packing glands are not objectionable s ince 
the small amount of hydraulic fluid provides 
lubrication . Sufficienl fluid should always be 
maintained ' in the tanks. All lubrication should 
be accomplished in accordance with the in­
structions on the lubrication chart; 

All applicable safety precautions should be 
obse r ved. Keep oil off the deck. Extreme 
caution should be exer cised when working in the 
confined s paces around the rams and actuating 
gear. 
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Steering Cast1alty 

Steering is normally controlled In the pilot 
house by the helmsman, who r ecetveshisorder s 
from the commanding officer via the officer 
or the deck (OOD). If steering control is lost 
Crom the pilot house, contr ol must be shilled 
to steering a!t using emer gency procedur es. 
Shifting of control may be necessitated by 
damage lo the remote control system or as 
a routine underway training measure to test 
the preparedness and e fficiency or the steer­
ing engincroom watch party. 

In general. this Is what would take place 
when shifting from normal steering control to 
stee ring aft in the event of a steering casually. 
Tho pilot house watch would sound the steering 
alar m located in steering aH. At the same 
moment "STEERING CASUALTY-STEERl!\C 
CASUALTY" would be passed over the !JV 
circuit. The steering engineroom watch would 
immediately, and v.1thout further orders, take 
local control with the trick whee l. The steer­
ing cnglneroom watch matches the trick wheel 
to the actual rudclcr angle, and tr necessary, 
shirts to the standby unit. They would report 
to the 000 as soon as steering art had steering 
control and wou Id steer as directed by the 000. 
The natu1·e and e><tent of damage or casualty 
should be determinecl and reported to the OOD, 
anct to the officer of I.he watch In the main 
englncroom. As soon as the casualty has been 
repaired. the 000 and the office r or the watch 
in the main engineroom should be Informed. 
When the order Is received 10 shl!t back to 
the pilot house, the rudder Is brought amid­
ships with the trick wheel, the cCJntrol shHtcd 
to the pilot house, ancl the OOD informed that 
the pilot house has control. 

ANCHOR WINDLASSES 

The term WINDLASS refer s to a piece of 
deck machinery used pdmar.ily for paying out 
and heaving in an anchor chain. A WILDCAT 
(drum) maybe mounted vertically or horizontally 
at the end of the windlass shalt for handling the 
anchor chain . ThewildcatisfittedwllhWHELPS 
to engage the anchor chain. On the windlass 
there may also be a CAPSTAN HEADor WARP­
lNG HEAD (concave drum) for handling moor­
ing lines. 

General requirements of the anchor windlass 
are that It must be simple, rugged, reliable, and 

capable of reversal; it must have a high mechan­
ica l advantage , suitable brakes, anct a control 
tor veer ing the chain. Three general types of 
pov.·er .. driven anchor windlasses are used, e lec .. 
trohyclraulic , e lectric, and steam. Hand-op­
erated windlasses are limited lo small ships 
where the weight of the anchor gear is such 
that it may be handled in a reasonable time and 
without excessive cttort on the part of operatlng 
DCl'SOnnel. 

Even though used Intermittently and only for 
relatively short periods of time, a windlass 
must be capable or handling the required loact 
under extremely severe conditions . To prevent 
deterioration and lo provide dependable opera­
tion whenever required, maintenance and adjust­
ment must be continued during the periods when 
the machinery Is not in use. 

Windlass brakes must be maintained in sat­
isfactory condition U they are to perform their 
function properly. Because or wear and com­
pression or brake linings, the c leanmce between 
Ute brake drum and band will Incr ease after 
a windlass has been In operation. Means of 
adjt1stment are provided on all windlass brakes. 
SI.nee maladjustment or a windlass brake could 
rc•mlt in the loss or the anchor and chain, ii 
Is advisable that you become familiar \\1th main­
tenance procedures i·ecommendetl by the manu­
fac turer. 

Lubrication Instructions furnished by the 
manufacturer shou Id be carefully rouowed. If 
a windlass has been idle for some time. the 
equipment should be lubricated before operation 
Is attempted. After a windlass has been used, 
the equipment should be lubrlcaled to protecl 
fl•tlsbed surfaces from corrosion. 

The hydraulic transmissions or electrohy­
draullc windlasses and other auxiliaries are 
manufactured with close tolerances between 
moving and stationary parts. IC these toler­
ances are to be maintained and unnecessary wear 
prevented, evory precaution possible must be 
t·aken to prevent the entry of dirt and other 
abrasive material. When the system is r eplen­
ished or re!illed, only clean oil should be used 
and the oil should be strained as it is poured 
Into the tank. lfa hydraulic transmission control 
system has ooen disassembled, all parts should 
be thoroughly cleaned before reassembly. ae­
!ore piping or valves are Installed, their 
interiors should be cleaned to r emove any scale, 
sand. or other foreign matter. 
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E LECTR OHYDRAULIC ANCHOR 
WINDLASSES 

An e lectric motor dr ives lhe hydraulic pump 
(A- end of the variable- speed gear). This pump 
i s a rotar y, va r iable - displacement. pump. Oil 
unde r pressur e transmits the power to the hy­
draulic motor (B-end of the gear) which thr ough 
reduction gear ing, rotates the windlass . The 
r ate of hydraulic power de livery may be regu­
lated by va r ying the displacement of t11e A- end 
of the pump. 

Figure 15- '7 illustr ates an e lectr ohydrau lic 
windlass arrangement . This pariicular mech­
ani sm has bu t one constant speed elec tric motor, 
which drives the two variable- s troke pumps 
through a coupling and r eduction gear. Other 
insta llations include l \\'O motor s , one for driving 
~ach of the pumps . Each wind lass pump is 
contr olled either from t.he weather deck or 
loca lly with handwheels on shafting leading to 
the pump contr ol . The hydrau lic motors dr ive 
the wildcat shaft by means of multiple spur 
gear ing and a locking head. The locking head 
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ORAAE 61\!iO 
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permits disconnecting of the wildcat s haft, 
thus per mitt.ing free opera.lion of the wildcat 
as when dr opping anchor. 

ELECT RIC AND STE AM WIND LASSES 

Some ships are equipped with geared wind­
lasses driven by r ecipr ocating s team engines; 
other ships, such as des tr oye r s and destr oyer 
escorts , are equipped with the e lectr ic motor 
variety. The e lectr ic motor or s team engine 
drive s the wi ldcat thr ough a cou1>ling and re ­
duction gears. Band brakes are provided at the 
wildcats on the upper deck, and clutches a re 
provided at the lower end of the ve r tical shaft. 
Figure 15-8 illus trates an e lectric spur - gear 
type windlass of a destr oyer . 

WINCHES AND CAPSTANS 

A winch is a piece of deck machinery thal 
has a large winding drum on a horizont al shaft 
for handling heavy loads with wire r ope. In 
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Figur e 15- '7 .- An e lectr ohydraulic anchor windlass arrangement . 
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addition, cargo winches may be equipped with one 
or two gypsy heads fitted for handling manila 
lines. Winches are used for heaving In on 
mooring lines, hoisting boats, topping lifts on 
jumbo booms of large auxiliary shios. and for 
handllng cargo. Power for operating shipboard 
winches is usually fur nished by steam or e lec­
tricity. Where delicate control and high accel­
eration without jerking are required, such as for 
handling aircraft, electrohydraullc winches are 
usually installed. Most modern auxiliary shipS 
are equipped with either electrohydraullc or 
electric winches, while the older auxiliary ships 
a1·e equipped with either steam or e lectric 
winches. 

CARGO \VDiCUES 

Among the various types of winches for 
general cargo handling are: double-drum doublc ­
gypsy, and single - drum single-gypsy units. 
Four-drum two-gypsy machines are generally 
used for mine sweeping. 

Steam Winches 

The steam-operated deck winch (fig. 15-9) 
is driven by a two-cylinder, single expansion, 
double-acting reciprocating engine . The drive 
is by means ol a train of spur gears in which a 
gear shift is provided to give two drive speeds. 

Part A or figure 15-9 is a plan view of a 
winch with two gypsy beads (l), one mounted 
at each end or the main drive shaft. The speed 
and direction of rotation of the engine Is con­
trolled by a hancl lever (14). Steam is admitted 
Uu·ough the steam line connections ( 6) and ( 8) . 

With the winch in "compoundgear,"thedrum 
turns to lift a load when the hand lever (14) 
Is raised. With the lever In this posilion, a 
spool-type valve passes steam from tbe reverse 
vl\lve (9) through the two top horizontal pipe­
lines (5) to the cylinders where It drives the 
engine. (Al.so see parts B and C, fig . 15-9.) 
The two lower pipes (4) are exhaust lines. 
When the lever Is lowered be low the horizontal 
position, the direction or steam flow is reversed 
In these pipes and the engine turns in the op­
posite direction, thus lowet·ing lhe load. Some 
levers are provided with an automatic latch for 
holding them in lhe horizontal, or neutral posi­
tion. For all other positions, the controls must. 
be In the hands of the winch operator who must 
hold the lever in position for the desired speed. 
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Figur e 15- 8.-An e lectromechanical anchor 

windlass. 

A spool- type steam valve slides back and 
forth, opening and closing the ports fo,. the 
flow of steam to or from the cylinders. The 
reciprocating motion of the steam valve Is Im­
parted to it by a rod moving through a stutrlng 
box and connected 10 the eccentric on the main 
sha!t. 

With the winch In ~single gear• the direction 
of rotation is r eve rsed and a load Is raised by 
lowering the lever. The clutch mechanism 
consists of a sleeve (11) which Is keyed to the 
c rankshaft (12) and pro•ided with a shifter yoke 
which Is operated by a lever (7) located near 
the 1·everse valve (9) . (See C, fig . 15- 9.) When 
this lever is thrown to the Jell, the position 
shown In figure I 5-9A, the pinion which is Inte­
gral with it, is engaged 'With the gear (2) on 
the Intermediate shaft. This ts the •compound 
gear• position and g ives a slower drum speed 
with :m Increase in available line pull. When 
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Figur e 1 ~-9.-Steam-operated winch. 
A. P lan view. 
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the shifter lever (7) is thr own to t he r ight, 
the driving s leeve ls shiitecl to the right. This 

disengages the pinion fr om the intermediate 
shaft gear (2) and engages t he squar e jaw clutch 
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(13) and pinion which is always in mesh with the 
main drive gear . This gives a direct drive 
from the crankshaft to the main shart, and is 
called the slnp;le gear position . The single gear 
position gives a higher drum speed for a given 
engine speed, but with a decrease In the avail­
able line pull. 

The "neutral" position is obtained by placing 
the shifter lever (7) in the ve r tical position, 
leaving no connection between the driving sleeve 
(11) and e ither pinloo. The shifter lever can be 
latched In any of the tllree described p<>sltloos . 
Care should be taken to latch the lever in the 
desired p0sltlon before the winch ls operated. 

When lhe winch is under heavy load, there 
is a high pressure between clutch faces, or gear 
teeth. Tills makes it impossible to shift the 
sleeve and change the gear r atio. To make a 
change, il is necessary to r emove the load from 
the winch ru1d then turn the eng ine over very 
slowly while making the shift . 

With the engine r unning in a given direction, 
the shl!ting Crom compound gear to single gear, 
or vice versa, reverses the direction or drum 
rotation. The design of the winch Is such that 
lowering the load by lowering the hand lever 
(14), applies for heavy loads (compound gear), 
while the reverse, lower ing the load by raising 
the lever (single gear) applies for higher speeds 
where heavy loads are not encountered. 

The winch is provided with a gypsy head (1) 
at each end of the main drive shaft. Being keyed 
to the sha rt. the gypsies are turned with the 
hoisting drum. The drum (10) Is provided with 
a standard type or band br ake (3) with a foot ­
operated control and ratchet lock . The locking 
device Is controlled by springing the foot pedal 
(15) laterally. The brake band is secured lo the 
winch bed plate in such a manner that the brakes 
may be conveniently taken up to compensate 
for wear. 

E leer rohydr nu lie Winches 

Electrohydraulic winches (fig. l 5-10) ar e 
always drum type . They are usun.lly installed 
on ships having a lternating current and wher e a 
wide range or speed, close control, and smooth 
acceleration are required. as in cargohandling. 
The drh•e equipment is like most hydraulic 
systems; a constant speed electric motor drives 
the (A-end) variable-stroke hydraulic pump 
which ls connected to the (B-end) hydrau lic 
motor, by suitable piping . The drum Shaft is 
clr iven by tile hydraulic motor through r educ­
tion gear in[!' . 

Winches may have one or two horizontally 
mounted drums and one or two gypsy heads. 
If only one gypsy is required, it may be easily 
r emoved from or assembled on either end of 
the drum shaft. Gypsy heads are keyed to the 
drum shaft and rotate whenever the winch i s in 
oper ation . Drums are not keyed to the s haft. 
When a dr um is to be used, it is connected to 
the shaft by a c lutch. 

Maintenance of Winches 

In several respects, the maintenance re­
quired for a winch is similar to thal for a wind­
lass . Where band brakesareusedonthe drums. 
the friction linings shooldbe inspecledregularly 
and r eplaced when necessar y. Steps should be 
taken to prevent oil or gr ease from nccu mu­
lating on the brake drums . The operation of 
b r ake-actua ting mechanisms, latches, and pawls 
s hould be chec ked periodically . 

The s liding parts of positive c lutches must 
be proper ly h1b1·icated, and the locking devi ce 
on the shifting gear should be checked to deter­
mine if II will hold under load. The oil of gear 
reduction units should be checked for proper 
amount and purity. Periodic inspections should 
be made or the pressure lubrication fittings 
normally installed on s low- moving parts. On 
insta llations which use hydrau lic transmission, 
the pumps and lines are maintained In the same 
way as those of any other hydraulic system. 

CAPSTANS 

A capstan Is a spool shaped, vertical, revolv­
ing drum for ha.ullng in on heavy mooring lines . 
Figure 15-1 l shows an anchor windlass capstan 
head. 

The type of capstan installed aboard ship 
depends on the load r equirements and type of 
power availabl e. In gener al, a capstan consists 
of a single head mount ed on a VERTICAL s haft, 
r educ tion gearing, al)cl a power sour ce. The 
types, class ified accor ding to power SOlll'ce . are 
e lectric and steam. 

Electric Capstans 

Electric capstans are usually orthe reversi­
ble type and develop the same speed and power 
In either direction . Capstans driven by a lternat­
ing-current motor s have two speeds, !U ll speed 
and one-ha lf s peed. Capstans dl'iven by direct­
cur r ent motors usually have from Uu·ee to live 
speeds in eithe r direc tion of r ota tion . 
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Figure 15-10.- Electrohydraulic winch units. 

Steam Capstans 

Steam capstans were formerly used exten­
sively on Navy slllps, but they are now used 
only occasionally where the electric power is 
insufficient, 

Sleam cyllndcrs are ct1·iven by twln cyl­
inder , reciprocating, reve1·s ible s team engines. 
A hand-operated control valve r everses and 
controls the speed of the capstan. Steam­
ctriven capstans generally do not operate on 
full boiler pressure, usually a reducing valve 
ls used to reduce the steam supply lo 100 
psi. 

444 

Cranes 

The hoisting whips and topping lifts or cranes 
are usually driven by hydraulic variable-speed 
gears, through gearing of various types. This 
provides the wide range of speed and delicate 
control r equired for load handling . The cranes 
are usually i·otnled by an e lectric motor con­
nected to worm and spur gearing, or by an 
electric motor and hydraulic variable -speed 
gear connected to appropriate redlctton gearing. 

Some or the electrohydraulic c r anes are 
also provided with automatic slack line takeup 
equipment, consisting of an electric torque motor 
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47 .146 
Figure 15-11.-Vertical- shaft anchor windlass capstan head. 

geared to the drum. When lhesecr:mcsru·e used 
for lifting boats, aircraft or other loads from 
the water, the torque motor assists lhc hydrau lic 
motot· drive lo ree l in the cable In case the load 
is lifted faster by the water than il is being 
hoi sted by the c rane. 

E!ectrohydraulic equipment for the crane 
consists or one or more electric motors, running 
at constant speed. Each motor drives one or 
more A-end variable displacement hydraulic 
pumps whose strokes are controllod through 
operating h:mclwheels. START, STOP, and 
EMERGENCY RUN pushbuttons are located at the 
operator's st a lion for the control or the e lectr ic 
motors. Interlocks are pr ovlctod to prevent 

starting the e lectric motor s when the hydraulic 
pumps are on stroke. B-end hydraulic motors 
are connected to the A-end pumps by piping, and 
dr ive the clrums cif the hoisting ancl topping 
units or the relating machinery. 

Reduction gear s are provided between the 
electric motor and the A- end pump and between 
the B-end hydraulic motor and the rotating 
pinion. Each hoisting, topping, and rotating drive 
is provided with an electric br ake on the hydrau­
lic motor output shaft. The electric brake is so 
interlocked with the hydraulic pum1> control 
that tho brake will set when the hydrau!!c con­
trol ls on neutral or when electric power ls lost. 
A centering device ls provided for accurate ly 
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finding and retaining the neutral position of Ute 
hydraulic pump. 

Relief valves are installed for the protection 
of the hydraulic system. These relief valves 
are normally set at 150 percent of the normal 
working pressure. 

A rapid slack-takeup device consisting of an 
electr ic torque motor, which is connected to the 
hoist drum through reduction gearing, is usually 
provided on cranes. This clevice works in con­
junction with the pr essure slroke control on 
the hydraulic pump, and provides for fast accel­
eration of the hook in the M isting direction under 
light hook conditions. Thus, slack is pr evented 
frnm forming in the cable when hoisting l s 
started. 

Some cranes are provided with a light- hook 
paying-out device . This device is mounted on the 
end of the boom to pay out lhe hoisting cables 
when the weight of the hook and cable beyond 
the boom head sheave is insufficient toovet·haul 
the cable as fast as it isunree ledfr(lm lhe hoist­
ing drun1. 

When the mechanical hoist control is in neu ­
tral, the torque motor ls not energized and the 
cable is gr ipped lightly by lhe aclionof a spring. 
Moving the hoist control to LOWER energizes 
the torque motor , and the sheaves c lamp and pay 
out the cable as it is unreeled from U1e hoist 
drum. When the hoist controlis moved to HOIST, 
the torque motor is revers ed and operates to 
unclamp the sheaves. A limit switch opens and 
automalically deenergizes the paying- out device. 
Figure 15- 12 shows the light - hookpay-out device 
with the torque motor paying out the cable. 

Maintenance of cranes should be ac­
complished In accordance with manufacturers' 
ins tructions. In gene ral, the maint.enance of 
electr ohydraulic cranes requires that the oil in 
the r eplenishing tanks be kept at the prescribed 
levels, and that the system be kept clean and 
free of air. The limit st.op and other mechani­
cal safety devices must be checked regularly 
for proper operation. When cranes are not in 
use, they should be secured in their stowed 
positions and all elec tric power to the cr ane 
controllers disconnected at the power distri­
bution panel. 

ELEVATORS 

Some of the hydraulic equipment with which 
you may be concerned will be found in electro­
hydr aulic e levator installations. Elevators of 

this type are in use on aircraft carriers. The 
elevators described in t.his chapter are of the 
type now in service on ships of the Forrestal 
c lass (CVA). These ships are equipped wiih 
four deck-edge airplane e levators wl1ich have 
a maximum lifting capacity of 79,000 pounds. 
The cable llft platfor m of each elevator pro­
jects over the side of the ship and is operated 
by an electi·ohyclraulic power plant. 

POWER PLANT 

The e lectrohydraulic power plant consists of 
the following: 

1. A horizontal plunger type hydraulic en­
gine . 

2. Five ''ariable delivery parallel 11iston 
type pumps. 

3. Two high pressure tanks. 
4. One low pressure tank. 
5. Sump tank system. 
6. Two constant de Ii very Denison vane type 

pumps (sump pumps). 
7. Oil storage tank. 
8. Piping system and valves. 
9. Nitrogen supply. 

The hydraulic engine is operated by pressure 
developed in a closed hydraulic system. Oil is 
supplied to the system in sufficient quantity to 
cover the baffle plates in the high pressure tanks 
and allow for piston displacement. Nitrogen 
makes up the rest of the volume. Nitrogen is 
used because air and oil ;n contact under high 
pressure form an explosive n1ixture . Air 
s hould not he used except in an emergency. 
Nitrogen should be maintained at 97 percent 
pority in the syste1n. 

PRINCIPLES OF OPERATION 

The hydraulic engine is fitted with a balanced 
piston type valve with conh·ol orifices and a 
differential control tuiit. This control assembly 
is actuated by an e lectric motor and can be op­
erated by hand. To raise the elevator, the 
valve is moved off center , allowing high 1>re::;sure 
oil to enter the cylinder. High pressure oil 
entering the cylinder , moves the ram, which. 
through a system of calbes and sheaves, moves 
the platform upward cables speed of the elevator 
is controlled by the amount of pressure in the 
high pressur e tank and the control valve. 
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Figure 15-12.-Light-hook pay-out dovlcc . 

When the elevator starts upward, the pres­
sure In the high pressure t:uik drops. This 
pressure drop automatically starts the main 
pumps which transfer oll from the low pressure 
tank to the high pr essure system until the pres­
sure ts resto1·ed. An electrica l stopping device 
automatically limits the stroke of the ram 
and stops the platform at the proper position 
at the flight de<:k level. 

To lower the elevator, the control valve ls 
moved In the opposite dlrectlon, wblcb permits 
the oil In the cylinder to flow Into the exhaust 
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tank. As the platform descends, oil is dis­
charged to the low pressure tank and the orig­
inal oil levels :md pressures, except for leak­
ages, are reestablished. The speed or lowering 
Is controlled by the control valve and the cush­
ioning e ffect of lhe pressure In the e xhaust 
tank. Leaka{ie ls drained to the sump !auks and 
is automatically transferred to the pressure sys­
tem by the sump pumps. An electrlcally op­
erated stopping device automatic ally slows down 
the ram and stops the platform at Its lowest 
level. 
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The m:tintenance pr ocedures for elevators 
are r e latively the same as for other auxiliaries 
which use hydraulic fluid to transmit power . 

Elevator cables and fittings should be in­
spected frequently, and the tension of the cables 
in each group kept equal. Frequent inspections 
must be made to ensure that (1) there is a 
proper oil !eve 1 in the pressure and exhaust 
tanks, (2) there is no excessive leakage in the 
sump leak- off connect.ions, (3) the pistons seal 
properly in the hydraulic cylinders, and (4) 
the entire system is clean. 

SAFETY FEATURES 

Some of the major safety features incor po­
rated into modern deck edge elevators include 
the following: 

1. If the electrical power fails while the 
platform is at the hangar deck, there will be 
enough pr es,,ure in the system to move the 
platform to the flight deck, without the pumps 
running. 

2. The platform is fitted \\1th serrated safety 
shoes. Should all hoisting cables break on one 
side, the shoes wlll wedge the platform bet.ween 
the guide rails and stop the platform with a min­
imum of damage. 

3. The main pumps are fitted with (1) pres­
sure actuated switches which stop the pump 
motors when the discharge pressure r eaches 
1140 psig, and (2) a relief valve set to lift at 
1270 psig. 

4. The sump pump system has a capacity 
sufficient to r eturn the unloaded platfor m from 
the hangar deck to the flight deck. 

5. The oil filter system may be used con­
tinuously while the engine is running, thus par t 
of the oil may be c leaned with each oper ation of 
the e levator, 

MAINTENANCE OF HYDRAULIC SYSTEMS 

1'he overall efficiency of hydraulic instal­
lations used to control or drive auxiliary ma­
chinery is basically dependent upon size of in­
stallation, oil pressure, speed, and condition of 
the equipment. The car e given the hydraulic 
components of the system is an important 
factor. Major repair of hydraulic gear, except 
for piping and fittings, is generally performed 
at a naval shipyard or by the manufacturer. 
Routine maintenance, keeping the oil clean, 

and maintaining proper fluid levels is the respon­
sibility of the oper ator . 

Hydraulic transmissions are sturdy, proven 
machines, inspecte d and tested with such care 
that casualties seldom occur except as a r esult 
of faulty assembly, installation, or mainte­
nance. If a properly installed hydraulic system 
is operated regularly and maint:tined with proper 
care, it will retain its design characteristics 
of power, speed, and control, and the need for 
costly r epair and replacement will se ldom 
occur. 

Regular operation, proper lubrication, 
proper maintenance of a ll the units, and clean­
liness of the fluid are principal requirements 
for keeping a hydraulic transmission in satis­
factory operating condition. Regular operation 
of hydraulic equipment prevents corrosion, 
sludge accumulation, and freezing of adjacent 
parts. The need for proper lubrication and 
c leanliness cannot be too strongly emphasized. 

Detailed instructions concerning the main­
tenance of a specific unit may be obtained 
from the appropriate technical manual; however, 
the general information which follows will also 
be helpful. 

PIPING AND FITTINGS 

Properly installed hydraulic p1pmg and 
valves are seldom a source of trouble, except 
for leakage . Some leaks may become ser ious 
enough to cause a r eduction in lhe efficiency ol 
the unit (s). Fr equent inspect.ions should be 
made and necessary steps taken to e liminate 
leakage. 

If leaks occur at a flanged joint in the line 
of a hydraulic system, tighten the flange bolls 
evenly, but not excessively. lfthe leaks per sist, 
use the s tandby unit, if available, or shut 
down the equipment while the gasket of the 
leaking flange is being replaced. Make cer tain 
that the flange surfaces are cleaned car efully 
before the new ga.sket is applied. 

Relief valves or shuttle valves of a hydraulic 
system may be sources of trouble . The seats 
of leaking r elief valves should be reground. Loss 
of power may Indicate a leaking r elief valve. 
Shuttle valves may stick and fail to cut off. 
Existence of this condition is indicated when oil 
escapes from the high pressure side of the line 
into the expansion tank, or when the pressure 
control fails. When a shuttle valve fails 
to operate, the stop valves should be closed 
and the defective valve removed for repair . 
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FLUID SYSTEM 

When Inspection or an oil sample drav.n from 
a hydraulic system reveals the presence or 
water, sludge, or acidity, lhe system must be 
drained, cleaned with the presc1·!bedllushingoll. 
:i.ncl !illed with clean oil. The system may be 
drained and cleaned as follows: 

1. Remove permanent type filters and wash 
them In flushing oil . Use low pressure air for 
drying purposes. U tilters have replaceable 
elements, Install new elements. 

2. Drain lhe system. as completely as 
possible, or old oil. 

3. Close all connections and fill the system 
with flushing oil. 

4 . Start and operate the unit under idling 
conditions, In order to fill the system thor­
oughly with the flushing oil. 

5. Secure the unit and allow It to stand Idle 
for approximately one hour. This idle period 
permits the flushing oil to dissolve any sludge. 

6. Start and operate the unit under llght 
load for 3 to 5 minutes, unless otherwise specl­
ried. Then allow the equipment to remain Idle 
for about 15 minutes, and repeat the entire pro­
cess. Do this two or three times. 

A hydraulic unit sho.,ld never be operated 
under fu ll load when it is tilled wlth flushing 
oil, ancl the operating pressure should be 
maintained as low as possible. 

After each short operating perlocl, the c lean­
ing handles or eclge type filters (lf Installed) 
should be turned and an amount or oil equal to 
Its volume should be drained from the filter . 

7. u time permits, allow the system to 
stand Idle for an additional hour following the 
series or short operating periods. 

8. Drain the system or nushlnii oil, close 
the system, and !ill it with the proper hydraulic 
oil. 

As the system ls being fllled, the oll should 
be strained through a fine wire screen of 200 
mesh . Tr the oll Is not clean, It should be run 
through a centrifuge. Adequate protection 
should be provided against dust and moisture . 
Moisture should be expelled from oil before it 
ls poured Into a system: this can be done by 
heatinii the oil to 250°F. 

When a hydraullc system Is being filled, SJJf­
flclent fluid should be used to completely fill 
the active parts of the mechanism, leaving no 
air pockets. During the flll1ng pl'ocedure, air 
valves should be opened so that air can escape 

to the oll expansion box. After the system h:1s 
been filled, the valves should be closed tight. 

PUMPS AND MOTORS 

A11 electric motor Is provided to rotate the 
hydraulic A-end (11ump end) variable speedgear 
(rotary, poslttve displacement, variable stroke 
pump). 011 wider pressure Is delivered from 
the A end to the hydraulic motor (B-end) 
va.rlable speed gear through piping. n1e B-end 
rotates tho Individual unit or equipment through 
suitable re~ctlon gearing. Whether the A-ends 
and B-ends or hydraulic transmissions are of the 
axial- or radial-piston type, maintenance proce­
dures and operating principles are relatively 
the same. In general, maintenance Information 
on other type pumps also applies to hydraulic 
pumps and motors . 

On some hydraulic transmissions, Che SHAFT 
STUFFING BOX PACK1NG Is of the squal'e­
bralded pure asbestos type. This type packing 
is easily removed. Care must be taken to enSJJre 
that II Is not replaced too tightly; U properly 
installed, this packing makes a tight Joint with 
light pressure. U packing wears out quickly. 
the shaft shOuld be Inspected for roughness. U 
a machine shop Is available, roughness may be 
eliminated from a shaft by a finishing cut to 
smooth tile surface; otherwise, It may be nec­
essary to replace the shaft. 

Packing shou ld be renewed at prescribed 
intervals, to prevent the packing from becom­
ing hard and scoring the shaft. When p:icklng is 
being replaced, a unUorm thickness should be 
maintained around the shaft. An excess or 
packing on one side of the shaft wlll cause 
shaft deflection and may even result In break­
age. srurrtng boxes should be packed loosely 
and the packing gland set up lightly, allowing 
adequate leakage for cooling and lubrication. 

'!'here ls less Ukelihood ol POOR ALIGN­
MENT BETWEEN THE DRIVING AND DRIVEN 
MEMBERS or :1 llydraulic ti·ansmlsslon If the 
wedges, shims, Jacking screws, or nd)usllng 
setscrews are properly set and secured wben 
connected units are installed. Uowever. be­
cause of a casualty, misaUgnment may occur 
thnl will cause severe stress and st raln on the 
coupling and connected parts. Excessive mis­
alignment should be eliminated as soon as 
possible by replacing any defective parts and 
readjusting the installed aligning devices . If 
this is not cione, pins, bushings, and bearings 
will have to be r eplaced frequently. 
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Since there ts no end play to either the 
A-end or lhe B-end shaft, flexible couplings 
are generally used in hydraulic transmissions . 
Such couplings permit satisfactory operation 
with a slight misalignment, without requir ing 
frequent renewal of parts. 

Complete maintenance of all types of hy­
dr aulic systems cannot be given In thls publica­
lion. Maintenance instruc tions concerning any 
specific unit can be found In the appropriate 
manufacturer's technical manual. Although the 
informalion which follows applies specifically 
lo electrohydraulic elevators, it ls generally 
appllcable to most shipboard electrohydraulic 
systems. 

REPLACING HYDRAULIC ENGINE 
CYLINDER PACKING 

As the plunger moves in and out oCthc cylin­
der, the cylinder packing confines the pressure 
in the cylinder and prevents leakage of oil. The 
packing Is made up of several split rings. To 
prevent leakage, the cylinder gland nuts must 
be tightened periodically. If the gland nuts have 
been lightened and the packing continues to leak 
excessively, the packing is worn or damaged 
and must be renewed, 

Packing ls renewed as follows: 

1. Loc k the platform at the flight deck. 
2. Set tile stroke of the main pumps a t 

zero and close all pr essure tank, exhaust tank, 
and strainer valves. 

3. Drain U1e oil from the cylinder, through 
tile engine drain line . When oil stops draining, 
close the drain line. 

4. Remove the gland nuts and the gland. 
5. Remove the old packing rings. 
6. Insert new packing rings In the packing 

gland. Stagger the splits in the rings at 90° in­
tervals. It may be necessary to support the 
r am in order to Insert new packing on the under­
side of the r am. 

7. fleplace the gland and nuts. Car e must be 
taken to pull the nuts up evenly and only to the 
point where they are snug. 

8. Open all valves to the exhaust and pres­
sure tank and open the engine air cocks. 

9. Check to be certain that the main pump 
handwheels are set at zero stroke. Start the 
main pump motors and set the pumps on auto­
matic control. 

10. Open the control valve slightly, by r o­
tating the hand contro l valve counterclockwise, 
until the oil flows from the engine air cocks. 

11. Close the control valves. 
12. Tighten Ute packing gland nuls one turn 

at a time until oil leakage, through the packing 
gland, Is a few drops per second. (Nuts should 
be tightened sothattheglandisdrawnup evenly.) 
Some oil leakage is necessary for proixir lubri­
cation of the packing. 

13. Loosen each nut one-half turn and lock 
with j am nut. 

CAUTION: If the packing Is too tight the 
plunger will not operate at proper speed and may 
also damage the packing. 

14. Bleed all air from the cylinder and 
pressure line. 

15. Check the oil levels and pressures be­
fore placing the elevator in service, An oil 
seal is provided for wiping the plunger oCforeign 
material on the in-stroke. It Is splltnnd can be 
removed after the plate Is slid off. 

REPLACING MAIN SHAFT OIL SEALS 

When the main shaft oil seals become worn 
or damaged and cause excessive oil leakage, 
the seals should be replaced as follows: 

I. Disconnect the universal Joint from the 
main shaft by removing the bolt. 

2. Shove the mai,n shaft toward the motors. 
3. Remove the for k and the plate (fig. 

15-13A). 
4. Remove the old seal and replace It with a 

new seal (fig. 15- 13B). 
5. Reassemble the seals with plate, fork, and 

universal Joint (fig. 15-13C). 

REPLACING MOTOR SHAFT OIL SEALS 

To determine the condition of the motor 
pinion assembly and associated oil seals, peri­
odic Inspections for e><cessive leakage should be 
performed. If it becomes necessary to replace 
the motor shaft oil seals, the following proce­
dure should be used: 

1. Remove ihe bolts, while supporting the 
motor, that C..;ten the motor blocking to the 
mounting bracket. 

2. P\111 the motors horizontally awa}' from 
the gear box until the pinion on the motor shaft 
is clear or the gear box (fig. 15-14A). 

3. Remove the old seals and r eplace them 
with new seals (fig. 15-14B). 

4. Return the motor pinion into the gear box, 
and bolt the motor blocking, or frames, into 
place (fig. 15-14C). 
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A 

c 
47 .147 

Figure 15-13.-A. Removing Cork and plate. 
B. Removing oil seal. 
C. Reassembling oil seal and plate. 

CLEANING MAIN AND SUMP 
PUMP OIL STRAINERS 

The main pump oil straine1·8 ,should be 
cleaned shortly after the hydraulic system has 
been tillccl with oil, or a!ter r epair work has 
been completed. (It is possili le that foreign 
matter, such as dirt, metal chips, and filings 
may have entered the system.) A main pump 
oil strainer should be cleaned as follows: 

J. Close the strainer intake (inlet) valve and 
the main pump soc ti on valve . 

2. Open lhe air cock, at the top of the 
strainer, and the drain valve. nt the bottom of 
the strainer. This will dr ain the oll from the 
strainer lnlo the sump lank. 
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3. Close the drain valve. 
4. Loosen the bolts and r emove the cover 

from the s trainer (fig. 15-1 SA). 
fi. UCt the basket out of the s trnlne r (fig . 

15-158). 
6. Blow out all dirt and fore ign matter from 

the strainer basket. Then c lean the strainer 
basket thor0<1ghly (fig. 15-l SC). 

7. insert the basket into the strainer, place 
the cover on the strainer (using a new gasket). 
replace and tighten the l>olts. 

8. Open the sb-ainer intake valve and refill 
the s trainer with oil from the system while 
bleeding off the air. 

9. Close the air cockaudopenthe malnpump 
suction valves . 
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A 

B 

c 
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Figure 15-14.- A. Pulling motors. 
S. Replacing oil seals. 
C. Returning motor pinion 

into gear box. 

The sump pump oil strainers should be 
cleaned at the same time as the main pump 
oil strainers. Tbey should be cleaned as 
follows: 

1. Close U1e storage tank stop valve, the ex­
haust lank stop check valve, I.he englne stop 
check valve, and the sump pump stop check valve . 

2 . Open the air cock and the drain valve. 
Then continue the procedure as outlined under 
main pump strainers. (l\OTE: The check valvei; 
should be open befor e the strainer Is refilled 
with oll.) 

CARE OF MAIN HYDRAULIC PUMPS 

Maintenance of the main pump consists 
mainly of draining and refi lling with oil, when 
the oll In the hydrau lic system has become dlr ly 
or mtxccl with water. In addition, the compen­
sator control filter should be cleaned at least 
once each week. 

Fire resistant, or safety, fluid MIL-H-
19457 should be used in the hydraulic system. 
All oll must be strained through a fine mesh 
wire screen as it is poured into the system. 
The use or cloth strainers is not recommended, 
since the continued use of such material tends to 
cause an accumulation or lint in the system. This 
may result In the sticking of the pistons. A con­
venient accessory for filling may be made by 
soldering a piece of fine mesh wire sc recn to 
an ordinary funnel. In some cases the uscfUI· 
ness of tho funnel is increased by the addition 
of a pipe thread at the lower end. Sy connect­
ing this runnel to a length of pipe, the l\Jnnol 
may be use d for filling purposes In places that 
are not otherwise accessible. 

All containers used for fil ling the system, 
or for s toring oil, should be clean. They must 
not have been used previously for acids. lyes, 
or other chemicals. When lhe pump is drained 
after having been in service. all dirt and sludge 
must be cleaned out, and the pump flushed with 
acid-Cree cleaning fluid. Before the pump ls 
refilled with oil, all cleaning fluid must be re­
moved Crom the pump, and the pump blown out 
with alr until dry . Unless this is done, either 
the chemical or the physical properties ol the 
oll may be impaired by smallquantltlesofc lean­
lng fluids. 

In elevator hydraulic systems, wate1· seeping 
Into the pump will usually settle In low points. 
IJ the drain plugs are r emoved, the waler will 
dr ain out. 

Hydrau lic equipment which has been standing 
idle al extremely low temperatures should be 
started with care. (Before operating the equip­
ment the entrapped air should be bled from the 
cylinders, control valves, s trainer, and piping.) 
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47 .149 
Figure 15-15.-A. Removing strainer cover. 

13. illtlng strainer basket. 
C. Cleaning stralnc1· basket. 
D. Replacing strainer cover . 

Whi le tM oll Is pumpable at low temperatures, 
It doos not lubricate proper ly. A short time 
Is required to force I.he oil between c losely 
fitted parts so ns to pr ovide lubrication. Two 
or three minutes of operation al low pressures 
will provide ample time for penetration. t\Jring 
this limo the oil will warm up and the viscosity 
will be greatly re<llced. 

Grit and abrasive particles In the oil will 
cause wear which destroys the seal between the 
pistons and the cylinder . This resulls In the 
leakage which reduces the efficiency beyond 
allowable limits. H the wear becomes ex­
cessive, the worn part should be replaced. 

CLEANING AND RE P LACING 
FILTER ELEMENTS 

Each e levator has a micronlc oil tilter (fig. 
15-16) Installed in Its power system. The !liter 
is generally designed to handle approximately 
140 gpm of hydraulic oil, a• a working pressure 
of 350 psi, with a pressure drop of approxi­
mately 5 J)SI . The quantity of oil passing through 
the unit Is controlled by an orifice Installed be­
tween the flanges located on the discharge side 
of the filter . The quantity or oil wlll bo Indicated 
on the Flo-Gage and the pressure drop on the 
dlllerenUal pressure gage. An Internal bypass 
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Figure 15-16.-Micronic oil fille r . 

valve Is installed and set to open a t 20 psi nbove 
the working pressure. Stop valves are installed 
on the inlet and outlet sides of the filter to 
racililate cleaning and/or replacement or the 
Hite r c lements. The piping to the filter is ar­
ranged to take oil from the exhaust tan k and 
discharge to the suction sides of the main 
pumps. 

To clean all the oil in the enclosed pressure 
system, lhe following procedure shou ld be used: 

l. Operate the elevator onacycleonce"up" 
and •dov.n" ; this takes approl<imately 3 l/2 
minutes . 

2. Use at least one of the main pumps to 
circulate the oil. Shorten the strokes of the 
pumps to r educe delivery so that the pumps are 
not automatically shut dov.n between runs or the 
elevator. 

3. Close the in let and the outlet valves of 
the main s trnlMrs; this will cause all the oil 
being pumped to pass through the !llter. 

4. Watch the Flo-Gage and adjust the s trokes 
of the pumps so that lbe flow does not exceed 
140 gpm. 

5. Operate the e le\"<llor as frequently as 
necessary to keep the pumps operating: i.e ., run 
the e levator up and down tie!ore the oil level and 
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pressure are completely r estored in the high 
pressure \<\Ilk which would shut off the pumps. 

6. Maintain this ope1·ation for about 30 
minutes-in which time, all of the oil should have 
passes through the (i}ter. 

7. Observe tile d.ifferential pressure gage 
and if the indication is above 5 psi, stop filter ­
ing and clean the Cilter . 

After the complete c1e,1nlng of tl1e on , the 
filter can be used in parallel with the main 
strainer . This condition will allow about 10 
percent o! the oil to flow through for continuous 
filtering during the normal operation of the 
elevator. 

The filter shou Id be c leaned as follows: 

l. Place the F lo-Gage in the inoperative 
position . 

2. Close the inle t and the outlet gate valves. 
3. Slowly open the globe valve in the drain 

line from the bottom of the filler. 
4. Open the gate va lve in the drain line from 

the side of the filter body. 
5. Close the globe valve in the bottom drain . 
6. Attach the air hose (25 psi) to the 1/4 -

incll s ize needle valve and allow all' to blow 
back through the !ilter elements, lhroogh the 
open gate valve to the blow-down tank. 

7. Close the drain and air valve, anc\ allow 
tile oil to settle In the blow-down tank after 
which a check for the cleavage point can be 
made by using the try cocks on the tank. Im­
purities in the oil can be disposed of through 
the 1/2-inch va lve Installed below the blow­
c\own tank. 

8. When refilling with oil, or !luid, open the 
plug on top of the fil ter to bleed the air . 

9. Open the outlet valve, and the ln!P.tvalve. 
Close the plug when all the alr Is oot. 

IO. Place the Flo-Gage in operation. 

IC the filter cannot satisfactorily be c leaned, 
it s hould be r eplaced as follows: 

l. Proceed as !or cleaning the filler 
elements ; steps 1-4. 

2. Remove the filter cover assembly, the 
top plate r etaining nuts, the top plate, and the 
filter elements. 

3. Before r eplacing the e lements, wipe out 
any sediment on tile bottom of the chamber. 

4 . Replace the filler elements on the filter 
tube holder and springs. 

5. Before replacing the top plate, see that 
the element holders and springs are a ll evenly 
ln place. rteplace the top plate, the top plate 
retaining nuts, and the cover assembly. 

6 . Place the filte 1· in operation by proceed­
ing as in steps 8, 9, and 10 of the cleaning pro­
cedure. 

CLEANLINl!:SS OF HYDRAULIC SYSTEMS 

Dir t or foreign matter in llyclr aullc systems 
can disable pumps, cause valves to stick, ruin 
packing, and damage the contt·ol systems. Hy­
draulic systems should never be opened except 
for good cause and then only by qualifiedperson­
ne I. When It is necessary to open a hyclraulic 
system, extreme care should be taken to keep 
out dirt; all parts should be cuefully cleaned 
before being re installed. Oil fil ler s should be 
cleaned or changed at regular intervals. Oil 
should be filtered once each 6 months. Any oil 
added to the system should be filtered. Only 
c lean oil of an appl'Oved type shoulcl be added 
to a hydraulic system. Use only approved packing 
and gasket materials and never allow water to 
enter a hydraulic system. 
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CHAPTER 16 

INTERNAL COMBUSTION ENGINES 

Internal combustion engines are used exten­
sively in the Navy as ship propulsion units and 
as prime mover s £01· auxiliary machinery. 
Engines In use are of.the reciprocating type and 
the gas turbine type. 

In most shipboard Installations, Internal 
combustion engines are or the reciprocating 
(diesel and gasoline) type. Diesel engines are 
generally used, except where special conditions 
favor the use of gasoline. Standardization or 
diesel fuel oils, fuel economy, reliability during 
starting and in getting underway, and the lesse1• 
lire haMrd associated with t he diesel englno 
have been the chief factors in favor of t his 
engine's use. However, the low weight-power 
ratio of the gasoline engine has caused It to be 
widely used in applications wher e both speed 
and llght weight are required or thepowerplant. 

Althougll tile gas turbine engine Is not new, 
its appllcntton to ma1·Jne use in the Navy Is 
relatively recent. Experiments have proven that 
gas turbine engines can be used advantageously 
to rower short-rango ships, landing craft. air­
sea rescue boats, and also t o drive generators 
and portable pumps. 

Since the internal combustion engines ln 
Navy service differ widely, nol only in type but 
also In size and design, detalled information on 
each type nnd mOdel or engine Is beyond the scope 
of this chapter. Tho information given in this 
chapter is applicable, In general, to all interMl 
combustion engine Installations aboard Navy 
shlpS. Detailed information oo engine operation 
and maintenance should be obtained from the 
manufacturer's technical manual (s) tor each 
spccUlc engine installation. 

RECIPROCATINO ENGINES 

Since the pistons in diesel and gasoline en­
gines employ a back-and-forth motion, they arc 
classified as reciprocating engines. The gasoline 

and diesel engines differ principally in that the 
former has a carburetor and a sparlc Ignition 
system. The fuel and ail· for th o SPARK IONl­
TION (OASOLrNE) ENOINE Is mixed in the 
carbur etor . This mixture Is drnwn Into the 
cylinders where it is compressed anel ignited 
by an electric spark. 

The COMPRESSION IGNITION type engine 
is commonly known as a DIESEL ENOlNE. 
This engine takes in atmospho1·ic air, com­
presses it, and then Injects t he fuel Into the 
combustion s1>ace. The heat gcne1·atecl by com­
p1·essio11 ignites th e fuel, hence the term 
11 compress lon ignitio11'' is used for diesel 
engines. 

DIESEL ENOINES 

Each tyr>e of engine installation nresents a 
sr>eclal operational problem and requires a 
special 1·011ttne for successful operation. 'I ::~._ 
engineer olflccr will have cstt1blished a sys­
tematic procedure applicable to the engines 
being operated. It is of the utmost Importance 
that this established procedure be followed. 

Operating Conditions 

A complete tog of all O(le rating conditions 
must be kept. The operating 1>r ess111·es and 
temperatures should be observed and r ecorded 
in the log, at specified intervals. De•1ations 
from normal pressures or temperatures, and 
unusual engine noises should be noted. This 
information Is helpful in localing causes of 
trouble. When unusual operating conditions 
occm', they are usually indications of conditions 
for which load , lubrication, cooling, engine 
speed, or rue! supply are r esponsible, either 
directly or Indirectly. 

LOAD-The manner of applying a load to an 
engine, and lhe regulation of the load wlll vary, 
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depending on the installation. Load an engine 
according to applicable instructions. 

Whenever a cold engine Is started, ample 
time should be allowed so that the load can be 
built up gradually. Whenever the situation per­
mits, the engine manufacturer's instructions 
regarding the application of load should be 
!allowed. Gradual application o! the load is 
necessary to prevent damage to the equipment 
from such conditions as uneven rates of ex­
pansion and inadequate lubr icat ion at low 
temperatures. 

An engine s hould not be oper ated for any 
great length of time with less than one-third 
normal load. Combustion at low load Is in­
complete; under thi;se conditions, pa1·tially 
burned fuel oil and lubricating oil may cause 
tieavy carbon deposits, which will foul the valve 
stems, the piston rings, and the exhaust system. 

The operation or a diesel engine at 30 percent 
power or l ess for long pel'iods or time will lead 
to~ 1nnnber oftroubles. In additiontothe forma­
tion or carlJon on the int ake and exhaust ports, on 
the combustion-chamber surfaces, on the piston 
»ead, and in the piston- ring grooves and lands, 
low- load operation maybei·esponsiblefor stick­
lnl)' and burning of exhaust valves; dilution of the 
lubrlcatlng oil; scuffing of cylinder liners; in­
creased fuel consumption; and excessive smoke 
when the load Is Increased. If oper ation requir e­
ments necessitate engineope1·atlon for periods in 
excess of thirty minutes at 30 percent power or 
less, the load should be increased to above 50 
percent power at the ffrs t opportunity. 

An engine should never be operated at an 
overload, except in an emer gency. When con­
ditions indicate that the engine is overloaded, 
the load should be 1·e<1uced lmme<liately. Over­
load may be indicated by excessive ten1per­
atu1·es, sn1oky exhaust, or excessive firing .. 
pressures. 

LUBRICATION.-During engine operation, 
mechanical oilers, when provided, should be 
watched to see that they are feeding properly 
and are not becoming air -bound. The oil level 
in the sump should be checked frequently; 
oil s hould be r eplenished, as necessary. All 
make-up oil should be purified, if feasible. 
Lubricating-oil purifiers, when provided, should 
be kept operating \vhenevcr the engines a1·e in 
use; t hey shoulcl be operated periodically, dul'lng 
idle per iods. The cleaning hand le on all 1netal­
edl)"e type lubricating-oil strainers should be 

r otated through at least two complete revolutions 
during each watch. The pressure d1·op across the 
filters and strainers shoul(! be checked fre­
quently. The viscosity or the lubricat ing oil 
should be checked at least once each day to 
determine the pe1·cent of fuel dilution. 

PRESSURES AND TEMPERATURES.-All 
pressures and t emper atur es must be maintained 
within the normal operating r anges; if this is 
not possible, the engine must be secured. All 
instruments must be checked frequently. The 
manufacturer's Instructions give detailed In­
formation concerning the proper operating pres­
sures Md temperatures. \\~ien this information 
is not available, the temperatu1·e or the lubri­
cating oil as it leaves the engines s hould be 
maintained between 140°F and 180°F; and the 
temperature of fresh water should be not less 
than 140°F or more than l 70°F when the water 
leaves the engine. The t emperatures in the salt­
wate1· cooling system should not be allowed to go 
above 130°F; higher temperatures will cause 
deposits or salt and other solids in the coolers 
and piping, and will aggravate corrosion. In 
order to ensure efficient operating ln engines 
which are cooled by salt wate r , the temper ature 
of the salt-water cool~nt should never be allowed 
to drop below l oo•F at the engine dischar ge. 

Frequent checks or the cooling system should 
be made to detect any leaks. Coolers and heat 
exchangers should be vente<I at least once each 
watch. The level or the fresh waler ln the ex­
pansion tank should be checked frequently; fresh 
water s hould be added, as necessar y. U the 
level gets very low in the fresli-wate r system, 
cold water should never be added until the 
engine has coole<I. 

CRITICAL SPEEDS.-Do not operate an 
engine at or near any clestructivecritlcalspeed; 
the vibrations resulting from operation at such 
speeds will cause serious damage. 

All moving members of machinery have 
crit ical speeds. The term apolies to certain 
ranges of s.peec!, dur ing which excessive vibra­
tion in the engine Is create<! . Every part of the 
engine has a NA TUR AL PERIOD OF VIBR A Tl ON, 
or FREQUENCY. When inipulses set upa vibra­
tion which coincides with the natural frequency 
of the 1Jody, each impulse adds to lhe magnitude 
of the previous vibration; finally, the vibration 
becomes gr eat enough t0 ctamage the engine 
structure. 
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Vibration may be set up by llneal impulses 
from reciprocating pa1·ts or by torsional im­
pulses from rotating members. The crankshaft 
is the member which causes torsional vibrations. 
The pressure impulse on the piston puts a twist 
in the crankshaft; when the pressure on the 
piston is somewhat relieved, the shaft untwists. 
If pressure impulses which are timed to the 
natural period of the shaft ar e permitted to 
continue, the vibration amplitude will become so 
great that the shaft may be fractured. If the 
speed of such an engine is changed, hQ\vever, the 
pressure impulses will no longer coincide with 
the natural period of tbe shaft; the vibration 
will then cease. 

Since each enb'ille has a natw·al period of 
vibration, which cmmot be changed by the 
operator, the only control available to the 
operator is to avoid operating the engine at 
critical speeds. If critical speeds exist below 
the normal speed of the engine, the critical 
ranges must be passed through as quickly as 
possible when engine speed is being changed. 
Detailed information concerning critical speed 
ranges are issued with each installation. Ta­
chometers must be marked to show any critical 
speed ranges; this will make it easier to keep 
the engine out of t he critical t•anges. Ta­
chometers sometimes get out of adjustment; 
they must, therefore, be frequently checked with 
mechanical counters. 

FUEL.-An adequate supply of proper fuel 
must be maintained. The fuel system should 
be frequently checked for leaks. All fuel oil 
strainers should be cleaned, at periodic inter­
vals. Fuel oil filter elements shoulcl also be 
replaced, whenever necessary. When diesel fuel 
oil purifiers are provided, all fuel should be 
purified before it is transferr ed to the service 
ta1llc. The service tank should lle frequently 
checked for water and other settled impurities 
by sampling through the drain valve at t he 
bottom of the tank. Water and impurities should 
be drained off. 

Safety Precautions 

The specific safety precautions for a given 
engine must be obtained from the applicable 
manufacturer's operating instructions. In addi­
tion to t he manufacturer's specific precautions, 
the following precautions also apply to the 
operation and maintenance of a diesel engine. 

RELIEF VALVES.-lf a relief valve on an 
engine cylinder lifts (pops) several times, the 
engine must be stopped immediately; the cause 
of the trouble must then be determined and 
remedied. Relief valves must never be locke<l 
in a closed position, except in an emergency. 
Pressure- relief mechanisms are fitted on all 
enclosures in which excessive pressures may 
develop. Strict compliance with designated ad­
justments on these mechanisms is essential. 

FUEL.- Precautions should be taken to see 
that fuel is not pumped into a cylinder while 
valves ar e being tested or while the engine Is 
being motored, since an excessive pressure rnay 
be created in the cylinders when combustion of 
the fuel takes place. When it reaches the in­
jection system, the fuel should be absolutely free 
from water and foreign matter. The fuel must be 
centrifuged thoroughly before use; the filters 
must be kept clean and int act. Leaks of fuel into 
the lubricating oil system must be avoided; 
otherwise, dilution of the lubricating oil will 
occur, with consequent r eduction in viscosity 
and lubricating proper ties. 

W.l\'l'ER.-Do not allow a large amount of cold 
water, under any circumstances to enter a hot 
engine suddenly. Rapid cooling may cr ack the 
cylinder liner and head or seize the piston. When 
the volume of c irculating water cannot be in ­
creased and the temperatures are too high, stop 
the engine. In freezing weather, all spaces which 
contain fresh water and which are s ubject to 
freezing must be carefully drained, unless an 
antifreeze solution is added to the water. 

AU1.-Wl1en engines are stopped, all starting­
air lines must be vented; serious accidents may 
result if pr essur e is left on. Inta.ke air must be 
kept as c lean as possible; acco..-dingly, all air 
ducts and passages must be kept clean. 

CLEANLINESS.-Cleanliness is one of the 
basic essentials in the efficient operation and 
maintena.nce of diesel engines. Clean fuel, clean 
air, clean coolants, clean lubricants, and clean 
combustion must be maintained. 

Engines must be kept clean at all times, and 
steps m\~~t be taken to prevent the accumulation 
of oil in the bilges or in other pockets. 

GASOLINE ENGfNES 

'l'oday's automobile is powered with a 4-
stroke-cycle engine designed to burn a commer­
cial gracte of gasoline. The same generaltypeof 
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engine also powers some small Navy Ships. 
Two-stroke-cycle gasoline engines, however, 
are used principally to drive outboard motor­
boats, and some portable fire pumps. 

The main parts of the gasoline engine are 
similar to those of the diesel engine. The gaso­
line engine has a lower compression ratio than 
the diesel engine. A t ypical marine gasoline 
engine has a compression ratio or about 8 to 1, 
compared to an appr oximate ratio or as high as 
16 to l In some diesel engines. 

Information concerning the engine parts and 
systems can be obtained from the manufacturer's 
technical manual for the specific engine. 

Operating Procedures 

To operate a gasoline engine, the engine 
must have sufficient fuel, spark, oil, and a cool­
ing medium. To ensure this, checks are made by 
responsible personnel who s hould observe pre­
startlng, starting, and underway procedures in 
accordance with manufacturer's Instructions. 

Fuel and Fueling Precautions 

The following information applies, In general, 
to al l gasoline engine installations; it applies 
more specifically, however, to boat engine 
installations. 

1. Do not permit gasoline to accumulate in 
carburetor drip-pans or in bilges. 

2. Keep the bilges dry and well ventilated. 
In motor boats where an exhaust blower is 
provided for U1e engineroom space, this blower 
must be operated for atleastfivemlnutesbefore 
the engine is started. 

3. Do not permit rags soaked with gasoline 
or oil to remain in the boat. 

4. Smoking, lighting matches, and carrying 
open!lame lights (e.g., lighted oil lanterns) are 
strictly prohibited in power boats; they should 
not be permitted within one hundred feet of a boat 
which is e11gaged in fueling. 

5. Carburetor intakes and crankcase 
breather pipes must be fitted with back-fire 
screens of an appro,•ed type. 

6. The electrical system or the engine must 
be Inspected frequently to guard against grounds 
and sparking to commutator brushes. 

7. Extreme car e must be exercised not to 
spill gasoline into the bilges whon fuelinrr the 
boat. 

8. During the fueling of motor launches and 
motor whale boats, the engine hood or casing 
must be open to permit a free circulation of air 
around the engine and thus prevent the rormatlon 
of an explosive mixture inside the casing. Do 
not close the cover until the engine has been 
started and ls operating in a satisfactory manner. 

9. Only personnel engaged in the actual 
fueling operation should remain aboard the boat. 

10. The controls of the built-In fi r e ­
extinguisher syslem must be ready Cor instant 
use. 

11. Portable, COz fire-extinguishers must 
be held In readiness alongside each fuel hose. 

12. The main-battery switches must be in 
the OFF position. 

13. A ground wire must be attached to the 
nozzle or the ruel-supply hose a:nd to the fuel-tank 
filler-neck; all component parts of the filtering 
system must be grounded . 

14. Boats should not b,e fueled at night 
or while close to one another, except in 
em ergenc ! es . 

15. Never start an engine when there is 
a strong odor of gasoline in the engine 
compartment. 

Safety Precautions-General 

In addition to following the specific sniety 
precautions listed in the oper ating instr uctions 
for an engine, good judgment must be exercised 
continuous ly ancl the proper steps taken to pre­
vent damage to material and injury to personnel. 

In general, damage to machinery can be 
prevented by operating engines according to 
prescribed Instructions; by observing all rules 
or cleanliness when handling the parts of an 
engine during maintenance or overhaul; and by 
having a complete familiarity with the parts and 
functions or the machinery being operated and 
maint ained. Danrnge to a ship or l)Ont may be 
prevented uy maintaining machinery so that the 
engines wlll be ready for service at full power 
in the event or an emergency; and by taking steps 
to prevent conditions which are likely to consti­
tute fire or explosion hazards. 

A great deal can be accomplished to avoid 
persona! injury by personnel having a thorough 
knowledge o.r their duties; by the proper handling 
of tools, machines, and parts; by taking no1·mal 
precautions around moving parts; and by using 
safegual'dS at danger points. 
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GAS TURBINE ENGINES 

The gas turbine engine resembles internal 
combustion engines of the reciprocating type in 
that air is compressed, a fuel-air mixture is 
burned, and the gases of combustion are expooded 
to produce useful power. In engines of the recip­
rocating type, co_mpression, combustion, and ex­
pooslon take place in one component, the cylin­
der. Since all three phases take place within one 
component, the power impulse must occur inter­
mittently or periodically as the cycle is repeated. 
This is not true in gas turbine engines; instead, 
compression, combustion, ood expansion take 
place in three separate components . .'ur is com­
pressed in the compressor, combustion takes 
place in an adjacent bumer, and a turbine (or 
turbines) r eceives the force created by combus­
tion. The turbine (like the piston in a r eciproca­
ting engine) transmits the force oftlle gases.to a 
shaft which drives a useful load. Thethreebasic 
components of the gas turbine engine are ar­
ranged and connected so that the power output 
from the turbine is steady and continuous. In 
brief, the gas turbine engine coo be defined as 
an internal combustion engine that produces 
power by a continuou~ and s elf-sustaining proc­
ess. An air mass is compressed and then com­
bined with atomized fuel. The resulting mixture 
then burns, and the combustion gases expa11d 
through one or more turbines which change 
some of the energy into useful power. 

Before proceeding with a discussion of the 
principal systems and components of gas turbine 
engines, you should be familiar with the advan­
tages and disadvantages of gas turbine engil1es. 

ADVANTAGES AND DISADVANTAGES 
OF GAS TURBlNE ENGINES 

In adclition to the development of a uniform 
flow of power output, gas turbine engines have 
several advantages over reciprocating engines. 
However, there are certain 1mdesirable features 
of presently available gas turbine engines which 
will also be mentioned in the section which 
follows. 

The advantages ood clisadvootages of the gas 
turbine engine cannot be listed in order of 
importance, because the requirements of the 
engine as a source of power differ in various 
applications. Note: Not all of the desirable or un ­
desirable features of gas turbine engines are 
discussed here; however, some of the more 
impor toot ones are pointed out . 

Compared with other types of internal com­
bustion engines, the gas turbine engine weighs 
less, takes up less space, ood has the simpler 
design with a far smaller number of moving 
parts. The gas turbine engine develops more 
power per unit of weight and unit of volume 
than other engines. 

Gas turbine engines start quickly and accele­
rate rapidly. Some models can develop full power 
from a cold start in less than one-tenth of the 
time required for a gasoline engine in a com­
parable application. The gas turbine adjusts to 
varying loads mo1·e rapidly ttioo other type 
engines. 

The number of personnel required to operate 
and maintain a gas turbine engine, and the time 
required for the training of such personnel are 
much less than in the case of engines of other 
types. l11somecases, only one man is needed for 
starting and operating a gas turbine engine. The 
simplicity of the operating controls and the auto­
matic safety devices used reduce the time re­
quired for training operators. The time required 
for training maintenance personnel is much less 
than thatrequired in thecaseofother engines be­
cause of the simplicity of design and the smaller 
number of moving parts in the gas turbine. 

Compared to a diesel engine, the gas turbine 
has far fewer components, produces much less 
vibration at full power, and uses practically no 
lubricating oil. (The diesel engine uses approxi­
mately 40 times as much lube oil as the gas 
turbine engine.) 

The gas turbine engine has a significant 
advantage over the gasoline engine in the fuel 
used. The fuel used in gas turbines presents 
much less of a fire hazard than the highly 
volatile fuel used in gasoline engines. 

Even though the gas turbine engine has some 
advantages over other types of internal com­
bustion engines, it also has some disadvantages 
such as a higher rate of fuel consumption and 
larger components required for air inlet ood 
exhaust. 

PRINCIPAL SYSTEMS AND 
COMPONENTS OF A TWO-STAGE 
GAS TURBINE ENGINE 

The principal systems and components of gas 
t11t·bine engines discussed in this chapter are 
applicable to the engines (Boeing 502) of the unit 
shown in figure 16-1. Regardless of the particu­
lar manufacturer or of variations in design of 
gas turbine engines, most of the discussion in 
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COMB-,NING 
RE'DUCTION 

GEAR 

75.267 
Figure 16- 1. - Gas turbine-generator unit. 

this chapter will still be applicable to gas u1rbine 
engines in general. 

Gas turbine installations, aboard the 11-ISB-5 
class minesweepers, supply motive power for the 
generators in minesweeping operations. The 
engine generator unit (turbine-generator power 
package) used for this purpose is shown in 
fig.ire 16-1. The gas turbine installation con­
s ists of two gas-turbine generator Wlits; and 
each unit consists of two gas turbine engines, a 
combining reduction gear, and ad-c generator­
all mounted on a rigid rectangular frame. Each 
engine is coupled to a separate input shaft of the 
combining gear. The overrunningclutchpermits 
single engine operation of the power package. 

The engines ot the unit shown (fig. 16-1) are 
divided into two sections or stages; a gas pro­
ducing section (first stage) which is basically a 
simple jet engine, and a powe1· output section 
(second stage) which converts some of the energy 
of tile combustion as gases into useful power as 
required by the elecfrical load. Although both 
engine sections are attached to a casting that 
forms the engine base, each is mechanically 
separate, and they are coupled together only by 

an interconnecting duct that confines the gas flow 
between the two sections. 

The gas producing section consists of a cen­
t r ifugal air compressor, two cross-connected 
through-flow type burners, a nozzle box, an 
axial flow turbine, and an accessory drive unit. 
The compressor consists of a rotating impeller 
enclosed in a case which has diffusing vanes 
on its inner surface. The impeller is secured to 
the extended shaft of the turbine wheel to form 
the rotor assembly of the engine. This titrbine 
wheel is driven by the flow of expanding gases 
created by burning. fuel continuously in the 
combustion chambers. Pressurized air for sup­
porting combustion is produced by the com­
pressor and conducted, through separate elbows, 
to the chambers. The essential engine acces­
sories are driven from the rotor shaft through 
a gear system. 

In the power output section, the wheel of a 
second axial flow turbine drives the splined out­
put shaft through double reduction gearing. This 
turbine wheel is driven by the flow of combustion 
gases from the first stage of the engine. These 
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gases normally discharge Into the turbine ex­
haust duct aft of the second-stage wheel. During 
reduced load (which would increase the speed 
output), some of the gases are released, through 
an outlet a.head of the turblne, into an inter stage 
bleed duct. For all variations in generator l oad, 
a gate ti•pe valve, in each or two ducts, conti·ol!! 
the now of combustion gases through the second­
stage turbine, as required, ro maintain a con­
stant output shaft speed. Tbese gate valves are 
linked to a hydraulically actuated pii.-ton by a 
speed-sensitive governor. The speed of the 
second-stage wheel and output s haft is limited by 
a cent1·1Cugal switch which automatically stops 
the engine in the event of overspeeding. 

Power from the two gas turbine engines is 
combined to drive the generator at reduced speed 
through a combining reductlon gear. The latter 
consists of two pinions and a main gear enclosed 
within a cast housing. The pinions are driven 
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by the turbine engines and mesh with the main 
gear, which drives the generator. Additional in­
ternal gearing drives four pad-mounted acces­
sories on the Input end of the gea r housing. 

The general arrangement of the gas turbine 
engh1es and the combining gear components is 
shown in figure 16-2. Specific information on a 
particular engine unit, or component. may be 
found by referring to the appropriate manufac­
turer's technical manual. The principal systems 
of a gas turbine engine, however, will be dis­
cuss ed in this section or the chapter. 

Fuel Oil System 

The principal system of a gas turbine engine 
which supplies fuel !or combustion ls tile fuel oil 
system. This system consists or an engine­
dri ven pump, high pressure filter, Ille! control 
governor, nozzle, shutoff valve, pressure gage, 
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Figure 16-2.-Engines and combining gear. 
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starting fuel-bypass valve, starting fuel-bleed 
orifice, and two nozzles. (A schematic view of 
a fuel oil system is illustrated in fig. 16-3.) A 
manual shutoff valve, filter, and supply pump 
are in Ute fuel supply manifold line, and a simi­
lar manual s hutoff valve and filter are In the 
supply line to each power package. In addition, 
a separate shutoff valve is provided In the s upply 
line to each engine. 

See figure 16-3; the fuel flows through the 
system as follows: The engine-driven pump re­
celves filteredfuelfrom the motor-dr iven supply 
pump at a constant pressure or approximately 
15 psi. The engine-driven fuel pump increases 
the pressure and forces the fuel through the high­
prcssure filter to the governor. The governor 
meters the fuel to tlte nozzles, as necessary, 
to maintain combu~i:ion at the required rate, and 
returns the excess fuel to the inlet port or the 
engine-driven pump. 

The fuel nozzle shutoff valve ls Installed in 
the line between the governor ancl the fuel 
nozzles . The fuel-pressure gage, on the engine 
control panel, is connected to the line between 

the governor outlet and the nozzle shutoff 
valve. During engine cranking, fuel nozzle pres­
sure is maintained (between 50 and 150 psi) by 
bleeding excess pressure from tbe governor out­
let line to the Inlet port of the engine-driven fuel 
pump. The starting fuel - bypass valve opens the 
governor outlet line, which contains i'Ul orifice 
that determines the amount of bleed. 

VALVES.-A dlsktypeshutoff valvc, installed 
i.11 the line between the governor outlet port and 
the fuel nozzles, is mounted on a bracket at­
tached to the left side of the accessory drive 
wiiL (The direction of fuel flow ls Indicated by 
an arrow on the housing.) When the valve is 
closed, It shuts off the flow o!fuelto the nozzles. 

A solenoid, screwed into the top or the valve 
body, encloses a spring- loaded plunger, which 
forces the valve disk against the s hutoff port. 
By w1lockinl)' th e· throttle after a cr anldng speed 
of appl·oximately 5,000 rpm is attained, the sole­
noid is ener gized and the plunger raised. This 
action causes the disk to lift from the shutoff 
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Figure 16-3.-Schematic fuel flow diagram. 
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port and allows metered fuel flow from the 
governor to the noz7.les. 

The starling fuel-bypass valve, identical to 
the fuel nozzle shutoff valve, is attached to a 
bracket on the right side of the accessory drive 
unit (fig. 16-4). This valve is a disk type, 
solenoid-actuated valve Installed in the fuel­
bypass line, between the governor outlet and the 
inlet port o! the engine-driven fuel pump. The 
starting fuel-bypass valve is open only while 
the starter swltch is closed, preventing exces­
sive pressure from building up (during engine 
starting) in the governor outlet line. 

FIL'l'ERS.-A hlgh pressure filte r is located 
between the outlet port of the engine-driven fuel 
pump and t he inlet port of the governor. Tho 
filter consists of a two-piece housing, a r e­
placeable mlcronlc cartridge, and an internal 
pressure relief valve. The two sections of the 

filter housing are screwed together and sealed 
by an 0-rlng. The pressure relief valve Is gen­
erally set to open at a di{ferentlal pressure 
ranging from 26 to 31 psi. 

PUMPS.-A motor -driven vane type pump 
(the fuel supply pump) transfers the fuel Crom the 
supply tank to the fuel inlet or each engine. As 
viewed from the pump end of the assembly, the 
pump rotation is counterclockwise; and nt 2,000 
rpm, capacity is 100 to 200 gallons per hour. 
The pressure range of the pump is adjustable 
Crom 2 to 20 psi; however, thedcslrecl operating 
pressur e is 15 psi. Seal lealrnge drain ports 
nr e located directly behind the pump body. When 
viewed from the pump end of the assembly, the 
fuel Inlet port is on the left and the fuel oullct 
ls on the right. 

A gear type fuel pump, mounted cm lhe center 
pad o! the accessory drive unit (fig. 16-4), ls 
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Figure 16- 4. - Accessory drive wilt and accessories. 
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driven at a speed ratio of l to 12 of the rotor . 
The fuel governor is attached to the end of the 
pump body, with the pump and governor shafts 
connected together for common drive. The 
engine-driven pump receives fuel from the sup­
ply pump, o.nd forces itthrough the high pressure 
filter to the governor. 

NOZZLES.-Each nozzle assembly, cons is t­
ing of a ll5-mesh screen, an insert, nnd a head, 
is screwed into o.n adapter. The adapter is 
thr eaded Into a supporting horn cast In the center 
rear of tile burner elbow. A drilled passage in 
the elbow conducts the fuel from the nozzle 
shutoff valve line to the nozzle. Fuel enters the 
nozzle through the st..-ainer screen and passes 
through grooves iJ1 the inse1·t to the head, wher e 
;t is discharged through the orifice In the nozzle 
tip. Each nozzle is now-r a ted at 9.5 gallons per 
hour at 100 ps i, for use with d iesel oil. 

GOVERNOR.-The fuel governor, s hown in 
figure 16-5, is a centrifugal flyweight type gov­
ernor that controls the engine speed by metering 
the now or fuel to the nozzles. The governor is 
mounted on the end of the engine-driven fuel 
pump, and It.<; drive sleeve (shaft) is directly 
connected to the pump shaft and rotates at the 
same s 1>ecd. 

The drive sleeve, to which the flyweights are 
allachoil (fig. 16-5), serves as a rotating bushing 
arouml the 1>ilot valve plunger . As tile flywe ights 
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Figure 16-5.-Fud control governor. 

rotate, their centrifugal force is opposed and 
balanced by the speeder spring. The compres­
sion or a speeder spring can be adjusted by 
moving the control arm. (The range of move­
m e11t of the control arm is limited by a stop ring 
with high-speed a11d low-speed adjusting-screws.) 

By r eferring to figure 16-5, you will notice 
that the governor has three ports: (1) an Inlet 
port connected to the high pressure sido of the 
engine-driven pump, (2) an outlet (motored now) 
port connected to the line supplying the fuel 
nozzles, and (3) a return (low pressure) port 
through which excess fuel is returned to the 
low pressure side of the pump. 

The diCierential pressure relief valve pro­
vides a pressure drop of 40 to 60 psi across 
the metering port. In addition to lhc force 
exerted by the valve spring, this valve Is backed 
up by the governor dischar ge pressu1·e . The 
ultim ate pressure relief valve , In tho cliff e r ont ial 
valve pl unge1', opens when the governor dis­
charge pressure exceeds approximatcly450 psi. 
Wilen the metering port is closed, the minimum 
now needle Is preadjusted to provide sufficient 
fuel now to the nozzles in order to maintain 
combustion. 

The governor is in equilibrium when (1) the 
engine is operating at a constant speed, (2) the 
centrifugal force of the flyweights is balan~ed 
by the force of the speeder spring, and (3) the 
pilot valve is positioned to pass t11e amount of 
fuel r equired to maintain engine s peed. Excess 
fuel Is r eturned to the input side of the engine­
driven pump by the differential relief valve. 

Any increase in engine speed above the gov­
ernor speed setting will cause the centrifugal 
force or the flyweights to overcome the speeder 
spring tension. nils, in turn, causes the con­
trol arm to move the pilot val "e plunger so as 
to decrease the flow through the metering ports. 
Thus, the fuel flow to the nozzles is decreased, 
returning t he e11glne speed to Its former r:ite . 

If the engine s peed decreases, the flyweight 
force dim inis hes ond the s peede r sprln(l' moves 
the pilot valve plunger to inc r ease the flow 
through the metering ports. This results not 
on ly in an Increase in nozzle pressure but also 
in a corresponding increase in engine speed. 

As the throttle is advanced or retarded, the 
governor control arm is repositioned to change 
the compression of the speeder spring accord­
ingly. When g·ovcrnor equilibrium Is again es­
tablished, Cue! Is metered to the nozzles, as 
r equired, to produce an engine s1,eod which 
corrosporicls with the throttl e position. 
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Engine Oil System 

Lubrication within gas turbine engines Is 
provided by a cir culative type engine oil system. 
In addition to the lines nnd s t1·ainers, the majo1· 
componc11ts of the engine oil system are an oil 
thermoswltch, a combination pressure- scavenge 
pump, a manifold, and a pressure switch. An 
external oil cooler and Cilter are incorp0rated 
in the system between the pressur e outlet part 
of the pump and the Inlet por t of the oil 
manifold. 

0 11 from the s upply reservoir (ono gallon 
capacity), located in the forwar d end of tha 
engine base, nows to t he p1· essure section of the 
oil pump. At nornrnl operatlng speeds, thepump 
circulates the oil (at 35 to 70 psi) through the 
cooler and filter to the manifold. From the 
manifold, the oil is distributed to the accessory 
drive wtit, rotor housing, and engine reduction 
gear. The line to the accessory drive unit ls 
connected to an oil jet which provides spray 
lubrication for all accesso1· y-driven gear s and 
bearings. Oil Is supplied to the rotor bearings 
through int ernal passages in their respective 
housings. Lubrication or the rotor and the en­
gine reduction is shown in figure 16-6. Oil 
supplied to the rotor be:u·ings and the accessory 
drive unit returns to the s upply reservoir by 
gravity. Oil supplied to the reduction unit 
drains into a separ ate s ump. The sci1venge 
section of the pump returns oil from the sump 
to the rotor housing. From ther e it drains Into 
the supply reservoir. 

Combining Reduction Gear 
Oil System 

The major components or the combining gea1· 
oil system are a pressure pump, filter, oil 
galleries and spray noz.zles in the gear case, 
scavenge pump, breather, and associated tubing. 
The oll Is cooled by being circulated through an 
external cooler. An oil pressure gage and high 
oil-temperature warning light are on the engine 
control panel. 

The rotating clements and bearings of the 
combining gear, and tho single bearing of the 
generator are lubricated by a separate oil sys­
tem which also pr ovides fluid for hydraulically 
actuating the generator speed control system. 

Oil Identical to that used for the engines Is 
supplied from a sump which forms the bottom 
or the gear case. (The sump has a capac ity of 

8 gallons and can be drained by r emoving the 
cap on the outlet tee.) 

Oil drawn from the sump n ows through a 
tee fitting and tubing to the oil pump. At normal 
oper ating speecl, the pump circulates oil at 12 
to 15 psi, tlwough the oil cooler and oil filter, 
to an inlet fitting directly below the tachometer 
drive. Inside the gear case, galleries and riser 
passages drilled in the housing conduct the oil 
to the bearings on the pinion, main, and acces­
sory gear shafts, and to the spray nozzles. 
Figures 16-7 and 16-8 illustrate sectional views 
or the combining r eduction gear. 

The combining gear oil-pressure indicator 
is connected to a fit ting 011 the out put end of the 
gear housing, and registers the gallery oil 
pressure. A thermoswitch threaded into the 
input end of t11e gear sump actuates the combin­
ing gear oil temperature warning (amber) light 
when the oil temperature exceeds 180°F. 

Oil which lubricates the combining gears and 
bearings r eturns to the supply sump by gravity. 
A separate pump scavenges t he oil which lubri­
cates the gene1·:1to r bear ing and discharges it, 
through an open tube, into the gear sump. Oil 
removed from tile galleries >nel used in the 
generator speed control system ls returned to 
the galler ies, as permitted, by a separate relief 
valve. 

Electrical Systems and Equipment 

The electrical system starts the engines, 
operates certain instruments and warning de­
vices, and automatically stops the engine if the 
operating limits are exceeded. The system 
consists or the following circuits: starting, igni­
tion, indicating, warning, and safety circuits. 

The starting and ignition circuits receive 
pO\Ver f ron1 stor:ige batteries, and the \var11ing 
and safety circuits receive pow or from the ship's 
power supply panel. Power for the indicating 
circuit is self-generated by parts (for example, 
the thermocouple) In the circuits. 

Figure 16-9 illustrates a schematic view or 
an engine electrical system. TI1e STARTING 
CIRCUIT for each engine includes a starter 
switch, power r elay, starter motor, s tarting 
fuel-bypass valve, and a fuel nozzle s hutoff valve. 

Tile engine s tar ter is mow1ted on the lower 
left pael on the r ear side of the accessory drive 
wlit. It Is mechanically connected to the rotor 
shaft through the accessory gearing, and elec­
trically connected, through the starter relay, 
to the batteries . 
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Figure 16-6.-lnternal lul.>rlcation of rotor housing and engine reduction unit. 

The starting Cuel-1.>ypass valve, mountedona 
bracket attached to the right side or the acces­
sory drive w1lt, is identical to the fuel nozzle 
shutocr valve. The spr ing-loaded, enclosed by­
pass valve is Installed between the engine fuel 
inlet and the Cue! nozzl e shutoff valve. Elec­
trica lly, t he bypass valve is connected in parallel 
with the onginn star ter; both units are energized 

simultaneously by battery power. ln conjunction 
with the starting fuel -bleed orifice, the bypass 
valve limits the pressure in the fuel lines to 
prevent flOOding of the combustion chambers, 
during engine starting. 

The ION!TION CIRCUIT for each engine, 
consisting or an ignit ion test switch, two ignition 
boost cons, and two glow type igniter plugs, is 
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Figure 16- 7. - lnput end views or combining reduction gear. 

energized at the same time as the starting cir­
cuit. After initial starting develops steady 
combustion, engine operation is sell-sustaining. 

A TACHOMETER GENERATOR, for each 
engine, is connected to dual gages on the control 
panel to 1ncl1cate engine (rotor) speed. The rotor 
(first-~tage turbine) speed is registered elec­
trically from the proportional voltage developed 
by a two-pole a-c tachometer generator driven 
by the accessory gearing. The t achometer gen­
erator is bolted to an adapter plate secured to 
the lower right pad or the accessory drive unit. 
A short coupling adapts the square drive or the 
tachometer generator to the drive gear splines. 

The WARNING CIRCUIT consists of indi­
cating lights and an alarm horn. Except for one, 
all the indicating lights are actuated by engine 
safety clrcult components, and the alarm horn 
can be actuated by the safety circuit whenever 
the throttle is w1locked. 

A white light on the engine control pt\ncl In­
dicates the operntion of the fuel supply pump. 
Four amber warning lights arc provlclod for 
each engine, in order to indicate the cnuse or 
automatic shutdown. 

The low oil-pressure warning light, op­
erated by the pressure switch at the engine oll 
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Figure 16-8. -Sectional view through main 

gear and shaft. 

manifold, tur ns on s imultaneously with the mas­
ter switch. When the oil pressure rises above 
minimum, the light will turn off until either 
normal or automatic shutdown of the engine. 
Thus, if automatic shutdown occurs for any 
r eason other than low oil pressure, this light 
ancl the one indicating the cause for shutdown 
wm be burning (on). 

The other three warning Ughts for each en­
gine indicate high oil temper ature, engineovcr­
speed, and high exhaust temperature. As shown 
in figure 16-9, the high oil temperature light is 
operated by the oil thermoswitch in the oil 
supply strainer, the over speed light by the over­
speed switch on the engine reduction unit, and 
the high exhaust temperature light by the ex­
haust thermoswitch in the exhaust collector. 
These lights can be turned off by the master 
switch, which will r eset the actuated safety 
circuit relay for futur e actuation. 

U a tllrottle is unlocked prior to engine 
cranking, or automatic shutdovm occurs at any 
time the engine is started, the alarm horn 
behind the engine control pru1el will sound \Ultil 
the throttle is returned to its locked position 

(pushed inward) or the master switch is 
turned off. 

A SAFETY CIRCUlT, provided for each 
engine, consists of a pr essure switch, speed and 
temperature actuated switches, and associated 
relays. U low oil pressure, high oil tempe1·a­
ture, overspeed of engine, or high exhaust tem­
peratu1·e 1·es ults after the engine is started, 
the safety circuit will automatically stop the 
engine. 

Referring to figure 16-9, notice that the 
activation of the following \mil s will r esult in 
opening a series circuit to the sealing relay: 
the oil pr essure switch, oil thermoswitch and 
oil temperature relay, overspeed switch and 
overspeed relay, and exhaust thermoswitch 
ru1d exhaust temperature relay. 

Initially, the engine starter switches close 
the sealing relay (this wiit arid the throttle 
microswitch cont rol the f\iel nozz.lc shutoff 
valve circuit). When the engine cr anking speed 
r eaches approximately 5,000 rpm arid the throttle 
is tuilocked (pulled outward) , a circuit is com­
pleted, through the sealing relay and throttle 
microswitch, to open the fuel nozzle shutoff 
valve to per mit the flow of fuel to the burners. 

During engine cranking, the oil pressure in­
creases and the oil pressure switch trarisfers 
power from the oil pressure warning light sup­
ply to a circuit through the contacts of the oil 
temperature relay, overspeed relay, exhaust 
temperature relay, and sealing r elay. In this 
way, a safety circuit is established to keep the 
coil of the sealing relay energized, and the fuel 
nozzle s hutoff valve open, after the starter 
switch is released. 

The sealing relay ls de-energized either l>y 
locking the throttle or turning off the master 
switch. In addition, the relay is de-energized 
when pressure, speed, or temperature conditions 
open the safety ch·cuit which r esults in auto­
matic s hutdown. If automatic shutdown results 
from excessive speed or temperature, the 
master switch must be turned off so that the 
actuated r elay is reset and continuity of the 
circuit restored. (The actuated relay is self­
holding after initial closure.) If low oll pressure 
causes automatic shutdown of the engine and you 
want to restart the engine, it will not be neces­
sary to turn the master switch off. 

The functions of the ENGINE SWITCHES 
are explained in the following paragraphs. 

When the master switch is ON and the engine 
oil pressure is below minim\lm (18 to 20 psi), 
a diaphragm type pressure switch connected to 
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Figure 16-9. - Schematic view of engine electrical system. 
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the engine oil manifold turns on an amber warn­
ing light. At pressures above 20 psi, the warn­
ing light is off and the switch completes (with 
other relays) the safety circuit to the sealing 
relay. 

A ther moswitch unit, consisting of a tubular 
capillary and bellows assembly which operates 
a snap-action switch through an adjustable 
spring-loaded arm, is threaded into the oil 
SUJJply s trainer mounting plate on the l eft side 
of the engine. When the engine oil temperatm·e 
exceeds 265 °F, the engine oil thermoswitcb 
closes and energizes a r elay which opens the 
safety circuit. As a result, the engine is auto­
mat ically stopped and an ambex wa1·ning light 
turns on to indicate t he cause of the shutdown. 

The engine overspeed switch shuts down the 
engine automatically and warns personnel if 
the engine overspeeds. Centrifugal flyweights , 
driven by the engine r eduction geai· at a speed 
one-half of the output shaft speed, t rip the over -

l!HOOHl 0 11. 
Tf;.WIPtRAlU~E 
WARNIHC LIGHT 

fH:GtME OYERl'PE'£-D 
.-,.\RHIHG LtCliT 

E.HGIHf E.X;HAU$ l 
Tf~6RATURf. 

-WARNIN<i Ll(l.i11'0---

speed sv.1tch at a preset limit. Atapprox:imately 
2,300 generator shaft rpm, the flyweights deflect 
sufficiently to close the switch, turning on an 
amber warning light, and energizing a r elay 
which opens the safety circuit to stop the engine 
automatically. After any overspeed trip, the 
switch must be manually r eset by depressing 
the button at the center of the switch housing. 

The engine exhaust thermoswitch, threaded 
into a fitting in the outboard side of the exhaust 
collector, closes when the gas temperature (at 
the exhaust collecto1·) exceeds l,300°F. When 
the switch contacts close, the relay is energized 
and opens the safety circuit to s top the engine 
automatically. In addition, an amber light turns 
on to indicate the cause of the shutdown. 

S\vitches, i.nstrun1ents, and \\'arning lights 
for remote operation of the gas turbine engines 
of two power packages are on a control panel, 
as shown in figure 16- 10. For simple identifi­
cation purposes , these tmits are arranged in 

CON,811\ING" GE.r.R 
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75.276 
F'igui-e 16-10.-Engine control panel. 
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vertical groups for each engine, with each hali 
of the panel containing the necessary equipment 
for operational control of one power package 
(port or starboard). 

The wires between the switches and the 
warni11Q' lights on the control panel and the 
relays on the relay panel are routed through 
disconnect plugs at the rear of the contr ol panel. 
All other wiring, except thermocouple leads, 
Ior the power package electrical circuits is 
connected to the relay panel terminal strips. 
Each of the tachometers on the control panel 
(two single gages indicating generator speed and 
two dual gages indicating engine turbine speeds) 
have Individual disconnect plugs. 

Generator Speed Control System 

During gcner atm· operation, the gas produc­
ing section of each engine is operated at ap­
proximately maximum speed, to provide a 
sufficient now or combustion gases to the 
power-output section of the engine. At Inter ­
mediate generator loads, the gas now is divided 
after It leaves the first-stage turbine; only the 
flow necessary for the required power output 
passes Utrough the second-stage turbine and 
exhaust collector. Excess gas is bled into the 
exhaust system ahead of the second-stage tu1·­
binc through an inter stage bleed cluct. The 
amount of bloed is r egulated by gate type valves 
in the inte1·stagc bleed and the turbine exhaust 
ducts of each engine. The valve gates are identi­
fied as the waste gate in tl1e interstage bleed 
duct and the exhaust damper in the turbine ex­
haust duct. At maximum gener ator load, the 
exl1aust damper is wide open and the waste gate 
is closed. Under no-load conditions, or zero 
generator output, the waste gate Is wide ope11 
and the exl1aust damper is closed sufficiently to 
maintain the rpm of the generntor within the 
desired speed range. These valve gates, as 
s hown In Clgure 16-11, are hydraulically posi­
tioned by a separate system consisting of a 
pump, a relief valve, a governor, an actuator , 
and mechanical linkage (from the piston rod to 
the valve gates and governor spring control arm). 

The rollowlng information will serve to give 
you a general understanding of the operation of 
U1e system. 

With reference to the hydraulic actuator, 
shown in figure 16-12, the speed conti·ol system 
pump supplies the upper end (chamber A) of the 
actuator cylinder with oil, through an inlet port 

near the top or the cylinder, at an approximate 
pressure of 450 pSi. Oil is supplied to the lower 
end (chamber B) of the cylinder at governor­
controlled pressure, through an 0-rlng sealed 
reducer bushing threaded into the bottom of the 
cylinder. With the area of the lower surface 
(C) of the piston twice that of the upper surface 
(D), piston equlllbr ium is established when the 
governor-cont rollecl press ur e is one-half that 
of the pump pressure. 

When the centrifugal force of the governor 
flyweights is balanced by the tension or the 
speeder spring (fig. 16-13), the pilot valve of 
the speed control governor blocks the outlet 
port, thus equalizing the hydraulic forces acting 
on each &nd or the actuator piston. Under this 
condition, the waste gates and the exhaust 
dampers are positioned to pass surflcient gas 
flow, tlu·ough the second- stage turbine of each 
engine, to maintain a constant output speed, and 
the speed control s ystem is in equlllbrium. 

When the gener ator load is decreased, an 
increase In speed occurs . The centrliugal force 
of the governor flyweights compresses the 
speeder spring and shifts the pilot valve. The 
governor outlet port is thus opened, through the 
return passage in the g.:>vernor shaft bore, to 
the inlet side of the pump. In this way, the 
metered pressure on the lower side or the ac­
tuator piston is decr eased. Forced downward, 
the piston moves the mechru1ical linkage which 
incr eases the governor speed setting and simul­
taneously opens the waste gates ruid closes the 
exliaust dampers or botti engines. This action 
permits suiflcient gas now through the Inter­
stage bleed ducts to maintain constant speed of 
the second-stage turbine wheel of each engine. 
Thus, equilibrium is reestablished. 

Conversely, an increase In the generator 
load results in a decrease in rpm and flyweight 
centriiugal force. This, in turn, resltlts in 
speeder spring expansion, shifting the pilot 
valve in t he opposite dir ection. T he governor 
inlet and outlet ports ar e then lnterco1mected 
to apply pump discharge pressure to the lower 
surface of the actuator piston. The piston reacts 
by moving upward, causing the linkage to reverse 
the position of the waste gates and the ex­
haust dampers, and to decrease the governor 
speed setting, as required, to again restore 
equilibrium. 

SPEED CONTROL SYSTEM PUMP.-A gear 
type pressure pump, mow1ted on a ch-Ive pad on 
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Figure 16-11. - Speed contr ol s ystem linkage. 

tho Input end of the combining gear upper hOus­
ing, ls dr i ven at a ratio of 1.5 to 1 of the gen­
erator. The pump receives o il from the com­
binlng gear pressure galleries and tr ansmits It 
to the Inlet port of the governor and to the upper 
end of the actuator cylinder at an approximate 
system pressur e of 450 psi. 

PRESS URE RELIEF VALVE.-Anadjustnble 
r elief valve, attached to a br acket bolted on one 
of the Inspection plates of the combining gear 
upper hOuslng, limits the system pressure. The 
Inlet port of the valve Is connected to the pr es­
sure line between tl1e pump and the governor. 
At a pressure above 450 psi, the discharge port 

of the valve opens and the oil is returned to the 
combining gea.r pressure galler ies. 

SPEED CONTROL GOVERNOR.-This unit 
is attached to the end of the pump body mounted 
on a drive pad on the input end or the combining 
gear upper housing. The governor and pump 
shafts are connect ed together and driven at the 
same speed. As s hown in figure 16-13, the gov­
ernor inlet port r eceives oil under pr essure from 
the pump, and the governor outlet port is con­
nected to the lower end of the actuator cylinder. 
A separate passage (r eturn) In the governor s haft 
bor e allows oil to be r eturned to the inlet side 
of the pump. 
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Figure 16-12.- Hydraulic actootor. 

The speecl control governor ls oC the dr oop 
or proportional control type; the governed s peed 
of the generator is higher under no-load condi­
tions than at full load. (Droop is defined as the 
variation in speed setting expressed in percent 
of the average speed.) 

HYDRAULIC ACTUATOR.-This unit con­
sists or an aluminum- bronze cylinder and a 
chromium-plated aluminum-bronze piston. The 
piston r od, which is int egral with tho piston, 
extends tlu·ough a lack-ringed aluminum-bronze 
gland at the top or the cylinder , with tut 0-ring 
pr ovid ing a leakage seal. A brnss r educer 
bushing is th1·eaded into a t ee memlier of the 
speed control system linkage so that the move­
ment or the piston will operate the governor 
control arm, and lite waste gates as well as the 
exhaust dampers or both engines. 

EXHAUST 8ACK- PRE.SSURE VALVE.-The 
flow of combustion gases thr ough the second­
stage turbine is controlled by tho exhaust back­
pr essurc valve . The valve assembly, c lamped 
between tile exhaust collector and the turbine 

exhaust duct, consists ofa circular gate (damper) 
welded to a shaft that is supported by bosses 
in the valve body. (The shaft has Stelllte bear­
ing surfaces.) Damper travel is limited by a 
stop lug welded to the valve body and a brass 
stop ring keyed to the damper shaft. Actuated 
links of the exJ1aust damper and waste gate are 
connected to a bell crank on tho s haft extension. 
(All parts of the valve assembl y except the stop 
ring arc of stainless steel.) 

INTERSTAGE BLEED VALVE ASSEMBLY. ­
Gas now in excess of the amount required in 
maintaining constant second-stage turbine (and 
generator) speed Is dumped through the inter­
stage bleed valve assembly. The latter is 
clamped between the bleed outlet or the inter ­
stage bleed nozzle duct assembly and the Inter­
s tage bleed duct. The valve assembly ls a 
stainless steel, 45° elbow enclosing an ellip­
tically s haped waste gate. The gate is per ma­
nently mounted on a shaft supported by bosses 
in the valve body, and tl1e waste gate travels 
from closed to wide open, through a 70° arc. A 
lever , splined and bolted to the shaft extension, 
is linked to Ule exhaust back-pressure valve 
bell crank to provide synchronous movement of 
the waste gate and exhaust damper. 

At maximum load, the waste gate Is closed 
completely, forcing all of the gas now through 
the s econd-stage turbine. Without gener<ttor 
load, the waste gate is wide open and the ex­
haust damper is closed sufficiently to maintain 
the rpm or the generator within the desired 
speed range. 
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Figure 16- 13.-Speed control i;ovel'l!or . 
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OPERATION OF GAS 
TURBINE ENGINES 

Pl'lor to stai·ting the engines, the following 
steps s hould be taken: 

1. Remove p1·otect1ve covers (U Installed) 
from the exhaust stack outlets. 

2. Remove the inside panel of the shroud on 
the port and sta1·board s ides aml the outboard 
po1·t s hroud . Check tile level or the engine oil 
and, If necessary, add oil up to the FULL mark 
on the dip stick. Do not overfill. 

3. Drain condensation from the fuel filter 
drain valve. 

4. Close the engine exhaust collector con­
densation drain valves. 

5. Inspect the power package and related 
systems for fuel or oil leakage, :md other fire 
haza1·c1s. 

6. Turn the flexible coupling counter to the 
direction of the drl ve, and check the ease of 
rol11llon of the second-stage turbine wheel and 
the i·cduct.ion un_it ~·caring. At the s111t1e tin1e, 
turn tho brass outer r ace clockwise and check 
tha clutch for ovel'run. (Partial or tempo\·ary 
locking of the clutch may occur and can be 
overcome by inserting a bar between the engine 
output shaft and the compression bolts of the 
flexible coupling, and prying in tJ1e overrun 
direction.) 

7. Check the level of the combining gear oil 
supply. Add oil up to the FULL mark on the 
dip stick. 

8. Turn Ute ratchet handle on top of tbc 
combining gear oil filter clockwise two full 
tui·ns. 

9. Check fol' oil leakage at the forwa1·d end 
of tile main generator bearing. 

10. See U1at the exhaust dampers are wide 
open by having the servo actuator piston rod 
full out. 

Starting the Engines 

The NORMAL STARTING procedure used to 
start gas turbine engines is as follows: 

I. Press the ST ART switch of the fuel su1>­
ply pump. (The fuel pump r1u111lng indicator 
lir,hl s hould turn on, Indicating that fuel is being 
supplied to fuel inlet's of all engines.) 

2. Turn on both master switches. (The oil 
p1·essure warning lights should turn on for the 

generator set selected to be lo-tarted first. Tho 
oil pressure lights for tJ1e other set should turn 
on aft er the output of tile s hip's service gen­
erator on the Ilrs t set has r eached 120 volts. 
The alarm horn will sound ii any throttle is not 
locked in the "CLOSED" position, or is not 
pushed inward.) 

3. Press anel hold the engine ST ART switch 
closed. (Tile starting fuel-bypass valve will 
open and the ignition circuit will be completed. 
As the c ra11Jc;ing speed incre<i~es, the fuel pres ­
sure and the turbine lube oil pressure gages 
should indicate a rise in pressure. The oll 
pressure warning light should turn off when tho 
engine oil pressure reached approximately 20 
psi.) To avoid overheating tho starter and igni­
tion boost con s, do not exceed :my crankinl)' 
periods beyo11d 30 seconds. It is advisable to 
nllow 5- minute cooling periods between cranking 
cycles. 

4. Observe the fuel pressure gage. If the 
pressure does not increase to at least 50 psi 
before the turbine speed reaches lpproximately 
5,000 rpm, releMe the ST ART switch and deter­
mine the cau$e or the trouble. If the fuel pres­
sur e is gr eate1· tMn 150 psi clm·!ng cranking, at 
5,000 rpm or less, do not open the fuel valve. 
Release tile starter sv.;tch and Investigate the 
cause of high pressure. (The trouble may be a 
faulty bleed valve, too small :m orifice in the 
bleed line , an obstruction in the line, 0 1· a faulty 
first-stage governor.) 

5. Observe the turbine luhc oil pressure 
gage. Oil pressure should begln to register and 
lncrease wiU1 turbine speed. However, if the 
Instrument is lagging, the pressure increase 
may not be evident until idling speed is reached. 

6. At 5,000 turbine rpm, pull the throttle 
outwar d (unlock the throttle). 1'hls positions the 
throttle at the idle speed settlng :tnd opens the 
fuel nozzle shutoff valve, permitting fuel to now 
to the burners. The engine should fire and 
accelerate, within 5 seconds, to approximately 
!5,000 rpm. (lf the engine does not accelerate 
to 15,000 rpm within 5 seconds, an ab1lormal 
start has been encounter ed. In this case, push 
the throttle inward, continue to press the ST ART 
switch for a few seconds in 01·dcr to clear tJ1e 
combustion chambers and allow accumulated 
fuel to be discharged through the nozzle box 
drain line.) 

7. If the oil pressure warning light is off 
when an idling speed of approxima tely 15,000 
rpm is r eached, release the START switch. 
(The starting and ignition circuits will be 
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deenergized and the s tarting fuel-bypass valve 
will close. Engine operation s hould now be 
self-sustaining.) 

8. li the oil pressure is increasing and the 
warning light r emains on at idling speed, con­
tinue to hold the switch clos ed until the light 
goes off. If the ST ART switch is released pre­
maturely, the engine will shut down automati­
cally because of a low oil pressure. However , 
if no oil pr essure is indicated at idling speed, 
stop the engines and deter mine the cause of 
the trouble. 

The types of ABNORMAL STARTING which 
may occur are as follows : 

COLD WEATHER STARTING, at low ambi­
ent temperatures (10° to 0°F), may be difficult 
due to low cranking speed and insufficient 
vaporization of fuel. To provide easier starting 
tmder such conditions, engine frictional losses 
can be r educed by using a lighter lubricating 
oil of Specification MIL-0-2104. Fuel vapori­
zation can be improvecl by using a low­
temperature diesel fuel of Specification MIL­
F-16884. 

1. FALSE ST AR TING. - The engine will riot 
start. Combustion fails to occur as a result of 
either fuel or ig11ition trouble. If lack of ignition 
is the cause, fuel will accumulate in the bottom 
of the burners and the noz>..le box. 

2. ONE BURNER STARTING.-The engine 
fails to accelerate from low-speed range be­
cause of insufficient fuel or ignition. Combustion 
may not exist in one burner due to lack of 
either fuel oi· ignition. 

3. HOT STARTING. -The engine starts with 
a low rumbling noise due to (1) igniting fuel 
accumulated from a previous false or hot s t art; 
(2) igniting fuel accumulated from a leakingfuel 
nozzle shutoff valve; or (3) poor combustion 
resulting from carbon deposits either on the 
fuel nozzles or the burner liner s . (All hot star ts 
should be logged.) 

Qperating Limits 

The limits tabulat ed in the accompanying 
chart have been establis hed for engine oper a­
tion. Ii any of these limits are exceeded, the 
engine should be stopped, and t he cause investi­
gated and corrected. 

Stopping the Engines 

The NORMAL SHUTDOWN procedure for 
stopping the gas tur bine engines is as follows: 

1. Turn off the generator loads by pressing 
the STOP switch on the gener ator control panel. 

2. Retai·d all four throttles to appr oximately 
24,000 r pm. Then retar d the two throttles to 
the gener ator set not supplying 120-volt d-c 
power , to CLOSED position, but do not lock. 
Allow the engines to operate at idle speed (ap­
proximatel y 15,000 turbine r pm) for one minute . 
Then lock the t hr ottles by pushing them inward. 

3. Retar d the throttles of the gener ator set 
that is s till oper ating, to the CLOSED position 
for one minute. Then lock the throttles by 
pushing t hem lnwarcl. (Combustion should cease 
immediately and exhaust t emperatures should 
dr op r apidly. The oil pr ess ure of the engines 
will decr ease, turning on the oil pressure war n­
ing lights . The engine rotors should s top In 
approximately one minute. ·These changes will 
occur for each gener ator set when the throttles 
are locked. Retarding all four throttles to the 
closed position will cause the generator set, 
not supplying 120-volt d- c power, to be auto­
matically shut down due to the loss of voltage 
causing the interlock r elay to open.) 

4. Turn off the master switches. 
5. Depress the fuel supply STOP switch. 

(The fuel supply pump r unning light will turnoff.) 

In an emergency, all engines can be stopped 
simultaneot1sly by pressing either of the two 
EMERGENCY OFF switches . (One of the switches 
is on the engine cont rol panel and the other is 
in the generator room.) Either switch opens the 
circuits to the fuel s upply pump and power 
package mastei· switches. When one of t he 
emer gency switches is pressed, the fuel supply 
pump will stop, the fuel nozzle shutoff valves 
of all engines will clos e, and all warning and 
indicator lights will t urn off. 

If AUTOMATIC SHUTDOWN occurs on one 
engine, the other engine s hould be stopped by 
following the nor mal shutclown procedure. The 
cause of t he automatic shutdown is indicated by 
a warning light which will remain on until the 
master switch is turned off. (In event of a low 
engine oil pressure, only the low oil-pressure 
warning light will be on. Ii automatic shutdown 
r esults fl•om an excessive speed or temperature, 
the corresponding warning light as well as the 
oil pressure warning light wlll be on.) 
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OPERATING LI MITS FOR GAS TURBINE ENGINES 

Operating 
factors Condition Minin1um Normal Maximum 

Generator 
RPM Rated load 1, 860 rpm 1, 920 rpm 

No load . 2, 120 r pm 2, 140 rpm 
Auto. 

shutdown 2, 300 r pm 

Turbine 
RPM Cranking 4, 000 rpm 5,000 rpm 

Idling 15, 000 rpm 
Rated speed 
Momentar y 

Turbine 
oil 
pres-
sure Rated speed 35 psi 

Auto. 
shutdovm 20 psi 

Fuel 
pres-
sure Starting 50 psi 

Rated speed 
Idling speed 

Exhuasl 
tempe r-
ature Continuous 

Auto . 
sh\ltdown 

Gear 
bOX OU 
pres-
sure Rated speed 12 psi 

In addition to the engine warning lights, an 
amber warning light burns when the combining 
gear oll temperature rises above 180°F. If 
the gear oil temperature warning light is on, 
the engines of that power package should 11e 
stopped by following the NORMAL s hutdown 
procedure. 

If the automatic shutdown occurs on the 
generator set started first and the other engine 
of that set is stopped, the gener ator set started 
last will also shut down automatically because 
the power relay to the cooling pumps wlll be 

36, 500 rpm 
37, 500 rpm 

50 psi 70 psi 

. 

100 psi 150 psi 
350 psi 500 psi 

10-50 psi 

11so° F 1225°F 
( s21°c) ( 663°C) 

1300° F 
( 704°C) 

15 psi 17 psi 

interrupted due to the position of the 120-volt, 
manual transfer switch. 

Immediately afte1· an automatic shutdown, 
a check must be made for free operation of the 
overrunning c lutch on the dead engine. If the 
flexible coupling and outer brass cylinder of 
t he overrunning clutch are not r otating, free­
wheeling Is taking place. If the unit continues to 
rotate, the clutch is locked and the operating 
engine must be stopped immediately; otherwise 
t he engine will drive the second-stage of the 
dead engine without lubrication. (Second-stage 
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lubrication is provided by the first- stage oil 
pump.) 

MA1NTENANCE OF GAS 
TURBINE ENGINES 

Detailed information on the maintenance of 
a specific turbine installation must be obtained 
from the appropriate manufacturer's manual. 
General information is provided iii this chapter 
on maintnenace of gas turbines. 

Adjustment of Engine Components 

The following adjustments and tests may be 
accomplished, as required-at init ial installa­
tion, ruler major overhaul, or during periodic 
n1a.intenance. 

THROTTLE CONTROL. -Moving the throttle 
from idle to full-speed position produces a 
corresponding movement of the governor con­
t rol arm betv.·een the low-speed and the high­
speed b'tops on the end of the governor housing. 
If the travel limits of the throttle and governor 
arm are not synchronized or throttle movement 
is partially restr icted at either limit, inspect 
the throttle cable for binding and r ubbing. In 
addition, check the cable support bracket and 
the governor control arm for proper position. 
Restricted throttle movement caused by inter­
ference between the governor control arm and 
the heat shield of the nozzle box can be cor­
r ected by bending the heat shield to obtain suf­
ficient clearance. If the bolt clamping the cable 
support bracket arotmd the end of the governor 
housing is not tightened securely, the bracket 
may shift; this 1·esults in the bending of the 
cable. However, excessive tightness of the 
clamping bolt may distort the governor housing. 
For ease of tbi·ottle operation, the governor 
control arm should be positioned on the serr a­
tions of the governor shaft so that it is perpen­
dicular to the cable bracket when the throttle is 
centered on its range of travel. 

If the inspection indicates that slack exists 
in the throttle cable, and the cable suppo1·t 
bracket and governor control arm are properly 
positioned, it will be necessary to readjust the 
cable length. Disco1mect the throttle cable r ocl 
at the govei·nor control arm and rotate the rod 
end in the proper direction. Reconnect the rod 
end to the governor control arm. The throttle 
cable clevis under the engine control panel 
permits similar adjustment if threacting is 
insufficient in the rO<I end at the governor. 

STARTING FUE:L FLOW ADJUSTMENT.­
During engine starting, fuel pressure is re­
stricted at 50 to 150 psi, by an orifice in the 
starting fuel-bypass liM. If difficulty is en­
cotmtered with engine star ting, particularly if 
any parts which affect fuel flow or pressure 
have lieen overhauled or replaced, check the 
starting fuel pressure. With the throttle de­
pressed, in idle position, to close the fuel nozzle 
shutoff valve, crank the engine to a starting 
speed of 5,000 rpm imd observe the fuel pres­
sure indicator. If the fuel pressure is lower 
than 50 psi, replace the existing orifice with 
the next smaller size. If the pressure exceeds 
150 psi, install the next larger size to reduce 
the pressure to within the desired r ange. (Inter ­
changeable orifi<:es ar e made in 0.030 , 0.035, 
and 0.040-inch sizes; a 0.035-inch orUice is gen­
erally installed. If the orifice is changed, the 
fuel pressure shoulcl lie rechecked.) 

ENGINE OIL PUMP. -The engine oil pres­
sure-scavenge pump should deliver oil, through 
the engine oil cooler and filter, to the oil mani­
fOld at a pressure not less than 20 psi at idling 
speed or greater than 70 psi at maximum speed. 
(The normal operating pi·essurc ranges from 35 
to 70 psi.) The pump dischar ge pressure is 
limited by the compression of a spring acting 
against the poppet of an integral relief valve 
within the pump housing. If the normal engine 
oil p1·essure is not within these operational 
limits, the relief valve should be set to provide 
the proper pressure. Readjustment can be made 
with the engine at idling speecl. (The engine oil 
pressure can be increased by turning the ad­
justing screw, on the left Si.de of the oil pump, 
in a clockwise direction; turning the screw in a 
couaterclockwise direction will decrease the 
pressure.) 

ENGINE OIL THER MOSWITCH. -This switch 
is adjusted to open the safety circuit to the 
sealing relay ru1d to t\u·n on an ru11ber \llaJ.~ning 
light whenever the engine oil temperature ex­
ceeds 265°1!'. \!/hen maladjustment of the ther­
moswitch is suspected, the unit should be 
removed from the oil supply reservoir strainer 
mowiting plate and bench-checked. Remove 
the thermoswitch cover and attach a contimiity 
light 01· de -energize the circuit and check with 
an ohmmeter ilcr oss the switch terminals. 
Insert the tube of the thermoswitch into an oil 
bath heated to 265° (±5) F and allow several 
minutes for temperature stabilization. U the 
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meter Indicates a pr emature closing of the 
switch, turn the adjusting screw on the back of 
the thermoswitch to first open and then close 
the switch contacts at this temperature. A full 
turn chan.f.es the t emperature setting approxi­
mately 4 F. This switch should be calibrated 
alter it has been operated a total ot 150 hours. 

IGNlTION BOOST CO!L.-lf tho boost coil 
spark Is weak, or ther e is no sound when the 
ignition test switch is held in the momentary 
TEST position, remove the coil from the engine 
and connect the primary terminal or the coil to 
a 24-volt d-c power supply. The Ignition boost 
coil, which provides high voltage for the igniter 
plug, should be tested in conjWlCtlon with the 
igniter plug. When an inspection shows that most 
of the contact material has burned away, the 
points on the boost coil should be r eplaced. (To 
avoid dam:\ge to the ignition boost coil, the 
igniter plug must be grow1ded to the coil body 
when the coll ls tested on the bench. In addition, 
the plug must be groWlded to the engine when the 
coil is tested while installed on the engine.) 

IGNlTER PLUG.- When the spark gap of the 
igniter plug ls suspected as the cause or faulty 
ignition during engine starting, disconnect the 
glow coll and high-voltage wiring. Remove the 
igniter plug from the burner elbow. The electrode 
gap or the Igniter plug should be 0 .070 to 0.080 
inch. I! the wire feeler gage me11sm·ementshows 
that the spacing Is not witMn these limits, the 
gap should be reset by bending the gr ound 
electrode only. Prying against the center e lec­
trode may crack the porcelain Insulator. When 
the igniter plug is being reinstalled, the gasket 
should be replaced. 

SWITCHES.- As far as EXHAUST COL­
LECTOR THEf!MOSW!TCllES are concerned, 
test ldts ar e provided for calibration which 
s hould bo accomplished ever y 150 hours of 
operation or monthly, whichever occurs fir st. 

The ENGINE OVERSPEED SWITCH, which 
functions to open the safety circuittothesealing 
relay and turn on an amber light, s hould be 
checked as follows: 

I. Disconnect the actuating cylinder linkage 
r od end at the exhaust damper bell crank and 
safety wire the bell crank around the Interstage 
bleed assembly (single hole in bell crank up) to 
hold the interstage bleed damper closed. 

2. Start the engine and gradually Increase 
the speed until the overspeed switch trips closed 
and shuts down the engine. (A first-stage speed 
of 30,000 is usually more than sufficient to 
o'•erspeed the generator to about 2,300 rpm.) 

If tho switch c l oses prematurely, loosen the 
setscrew in the sirte or the switch housing nnd 
the two clamp screws which lock the large 
knurled speed- adjusting r ing around the switch 
housing. With the over speed switch mounting 
bracket restrained, hold the te rminal end or the 
switch housing and turn the knurled speed­
adjusting ring clockwise, as viewed from the 
terminal end. One- half turn or the speed­
adjustlng ring wlll affect the overspeed limit 
or the engine approximately 200 rpm (approxi­
mately 145 rpm of generator sh:itt). When 
proper ad,justment is achieved, tighten the two 
locking scr ews and the se tscr ew. If switch 
closing Is delayed beyond 1,640 rpm, the specd­
adjusting ring should be turned in a counter­
c lock-wise direction. 

U shutdowns occur, within maximum limits, 
during engine operation, the overspeed switch 
can also be r eadjusted while it is installed on 
the engine. For example, i! the switch c loses 
and causes automatic shutdown when the gen­
erator speed Is 2., 100 r pm, the knurled speed­
adjustlng ring can be rotated c loclcwlse approxi­
mately 2/ 3 M a turn to r estore switch actuation 
to the desired setting. This switch s hould be 
calibr ated nl'ter every 50 hours or operation. 

GEl\"ERATOR SPEED CONTROL.-The speed 
control system must be adjusted so that, at full 
generator load, the entire gas now passes 
through the second-stage turbine and the ex­
haust collector, and the governor controls at 
the r equired speed. 

With the exhaust back- pressure v~l ves and 
intcr shlll'e bleed valves installed and aligned, 
and the exhaust ducting removed, linkage adjust­
ment s hould be accomplishecl in accord:mcc with 
the mamLfacturcr' s ins tructions for the s pec ific 
system. 

Cleaning and Inspection of Gas 
Flow Components 

The gas now components of the engine in­
c lude t he burner shells and liners, cross fir e 
tube, nozzle box, interstage bleed assembly, 
exhaust collector, and first-stage and sccond­
s tago turbine wheels. These components must 
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be thoroughly cleaned after they are removed 
from the engine. In r eassembling the engine, 
cleanliness is a major factor. Cleaning is es­
sential for proper inspection because it con­
tributes to the life and efficiency of the engine. 
Dirt and grease deposits on the surfaces of the 
component parts are fire hazards and reduce 
the amount of heat radiated from the surfaces. 
Carbon deposits reduce gas flow and thereby 
reduce burning efficiency. 

When parts are coated with a carbon de­
posit, baked oil-residue, scale, or other foreign 
matter, and where surface finishing require­
ments permit, the best method of cleaning is 
by blast cleaning with a water and grit mixture, 
using a 625 mesh (or finer) grit. If water 
and grit blast cleaning equipment is not avail­
able, fine dry sand or garnet grit (No. 90 or 
finer) are permissible for blast cleaning. 

Threaded or bearing surfaces must not be 
blast cleaned. These surfaces must be pro­
tected by masking with heavy tape or with a 
fiber soft aluminum, or copper sleeve. Unless 
extreme care is used during the cleaning oper­
ation, blast cleaning tends to hide fine defects 
by peening-over or smearing. Always use the 
lowest possible air pressure, consistent with 
thorough cleaning, and do not concenh"ate the 
blast in any one area, especially on thin sec­
tions such as blade edges. In order that the 
fine defects associated with turbine wheels and 
nozzle vanes will not be hidden, these com­
ponents must be cleaned with extreme care. 

Parts that are to be inspected by using any 
penetrant method, must be thoroughly degreased 
immediately prior to inspection. Vapor de­
greasing, or washing the parts in naphtha are 
suitable degreasing methods. Acid or alkali 
solutions should NOT be used to clean the engine 
parts because such solutions impair the effi ­
ciency of the inspection operation. Any areas 
which are to be welded must first be mechani­
cally cleaned and degreased. 

If blast cleaning equipment is not available, 
the parts must be cleaned with a wh·e brush, 
emery paper, steel wool, or cleaning solvent. 
Stainless steel wire brushes or stainless steel 
wool sbould be used in order to avoid contami­
nating the surfaces of the parts . (All gas flow 
components are corrosion- and heat - resistant 
alloy steel.) 

Additional information concerning inspec­
tions of gas flow components, as well as in­
spection schedules, may be obtained from either 

the ship's Inspection Guide or the manufac­
turer's teclmical manual. 

SAFETY PRECAUTIONS 

When working with a gas turbine ins talla­
tion, give special consideration to the inlet 
pressure and the exhaust gases, as well as to 
the relatively high speed and temperature of 
certain sections of the gas turbine engine. 

Inlet Pressure 

During engine operation, a negative pressure 
area is created immediately forward of the 
engine air inlet. When the engine is installed 
in the power package, adequate screening at 
the air inlet bell prevents articles from enter­
ing the compressor. When oper ating the en­
gine on a test stand, the screened air inlet bell 
shOuld always be secured to the engine. Loose 
clothing, white hats, and ties should not be 
worn or carried near the air inlet, while the 
engine is running. In addition, shirt pockets 
should be free of any articles . 

Overspeed Damage 

Excessive overspeed of the engine can re­
s ult in the failure of the compressor impeller 
or either of the two turbine wheels, with the 
possibility of pieces being thrown outward by 
centrifugal force. Failure of the compressor 
impeller may shatter the compressor case or 
elbows. If a blade is throvm from a turbine 
wheel, it will probably be discharged with ex­
haust gases and cause no external damage. At 
maximum engine speeds, stand clear of those 
areas adjacent to the planes of rotation of 
these components. 

Surface Heat 

Heat shields around the nozzle box and ex­
haust collector, as well as the insulation on the 
exhaust ducts, provide r easonable protection 
from s urface heat. However, touching any 
portion of the engine which conducts combusti­
ble gases, or adjacent par ts, can result in se­
vere burns . A cooling period of approximately 
30 minutes is required before inspecting or 
perforn1ing n1ajor n1aintcnence. 
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Exhaust Gases 

Dlrect contact with the high temperatures 
and velocities or the engine exhaust gases can 
result in severe burns and/ or shock. Even 

though the toxic effect of the small amount of 
carbon monoxide present in the engine exhaust 
is negligible, avoid continuous exposure to the 
exhaust fumes because they may cause head­
aches, eye smarting, or other irritations. 
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CHAPTER 17 

ENGINEERING CASUALTY CONTROL 

The mission of eng ineering casualty control 
is to maintain all engineering services in a state 
of maximum reliability, under a ll conditions. 
To carry out tbis mission, it is necessary Ior 
the personnel concerned to lmow the action nec­
essary to prevent, minimize, and correct che 
effecls of operational and battle casualties on 
the machinery and the e lectrical and piping in­
stallations of their ship . The prime objective 
of casualty control is to maintain a ship as a 
whole in such a condition that it will function 
effectively as a fighting unit. This r equires ef­
fective maintenance of propulsion machinery, 
e lectrical systems, interi01· and exterior com­
munications, fire control, electronic services, 
ship control, firemain supply, and miscellaneous 
services such as heating, air conditioning, and 
compressed ail· systems. Failure of any of these 
services will affect a ship's ability to fulfill its 
primary objective, either directly by reducing 
its power, or indirectly by creating conditi()nS 
which lower personnel morale and efficiency. A 
secondary objective- which contributes consid­
erab ly to tile successful accomplishment nf the 
fir st-is the minimization of personnel casual­
ties and of secondary da1nage to vital machinery . 

The details on specific. casualties are beyond 
the scope of this course . Detailed Information 
on casualty control can be obtained from the 
Engineering Casualty Control Manual, the Dam­
age Control Book, the Ship's Organization Book, 
and the Damage ContJ·ol Bills. Tllese publica­
tions may vary on dlffcrent ships, but in au 
cases tlley give the organization and the proce­
dures to be followed in case of engineering 
casualties, damage to the ship, and other emer­
gency conditions. 

FACTORS INFLUENCING CASUALTY 
CONTROL 

The basic factors influencing the effective­
ness of engineering casualty control are much 

broader than the immediate actions taken at the 
time of the casualty. Engineer ing casualty con­
trol reaches its peak efficiency by a combination 
of sowid design, careful inspection, thornugh 
plant maintenance (including preventive mainte .. 
nance), and effective personnel organization and 
training. CASUALTY PREVENTION IS THE 
MOST EFFECTIVE FORM OF CASUA l TY 
CONTROL. 

FAMILIARITY OF PERSONNEL 
WITH PLANT OPERATION 

Thorough instruction in the proper and nor­
mal operating procedures is the foundation upon 
which instruction in casualty procedures should 
be based. Before any attempt ls made to carry out 
simulated casualties, complete familiarity with 
normal operation should begainedbyallperson­
nel involved. From the design viewpoint, full iii­
for mation upon which to base improved designs 
should be contributed by the operating forces. 

INFLUENCE OF DESIGN 

Sound design influences the effectiveness of 
casualty control in two ways: (1) by the elimi­
natlnn of weaknesses which may lead to ma­
terial failure, and (2) by the installation of al­
ternate or standby means for supplying vital 
services in the event of a casualty to the pri­
mary means. 

Both of these factors are considered in the 
design of naval ships. Individual plants aboard 
ship are equipped with duplicate vital auxiliaries, 
loop systems, and cross connections. Complete 
propulsion plants are designed to operate as 
isolated units (split-plant design). 

PREVENTIVE MAINTENANCE 

Preventive inspection and maintenance are 
vital to successful casualty control, since these 
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activities mi11imite the occurrence of casualties 
by material failures. Continu ous and detailed 
inspection procedures are necessar y not only 
to discover partly damaged parts which may 
fail at a critical lime, but also to elimimue the 
underlying conditions which lead to early failure 
(maladjustment, improper lubrication, corro­
s ion. erosion, a11d other enemies of machine ry 
reliability). Particular and co11tlnuous attention 
must be paid to the following symptoms or mal­
functioning: 

t. Unusua l noises. 
2. Vibrations . 
3. Abnormal temperatures. 
4 . Abnormal pressures. 
5. Abnor mal operating speeds. 

Operating per sonne I should th<>roughly fa mil­
iarize themselves with the specific tempera­
tures, 1>ressurcs, and Operating speeds of equip­
ment required for normal operation, in order 
that depnrrures from normal operation wi11 be 
more i·eadily apparent. 

If a gage, <>r other instrument for r ecording 
operation conditions of mach!ne1·y, gives an 
abnormal reacting, the cause must be fully in­
vestigated . The installation of a spare instru­
ment, or a calibration te st, will quickly inclicate 
whether the abnormal reading ls due to instru ­
ment error . Any other cause must be traced to 
its source. 

Beca~1se of the safety factor commonly in­
corpor ated in pumps ancl s i milar equipment , 
cons iderable loss of capacity can occur lJe(<We 
any external evidence is readily apparent. 
Changes in the operating speeds Crom normal 
for t he existing load in the case of pressure­
governor-controlled equipment should be viewed 
witb suspicion. Variations from normal pres­
sures, lubricating oil temper atures, and system 
pressures are indicative or either inefficient op­
eration or poor condition or machinery. 

hi cases where a material failui·e occurs in 
any unit, a prompt inspection should be made of 
all similar units to determine if ther e is any 
danger that a similar failure might occur . 
Prompt inspection may eliminate a wave of re­
peated casualties. 

Abnormal wear, fatigue, e r osion , or cono­
slon or a particular part may be lr1dicativc or a 
failure to operate the equipment within Its de­
signed limits or loading, velocity, and lubrica­
tion, or it may indicate a desi{:n or mate rial 
deficiency. Unless corr ective action can be 
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taken which will ensur e that s uch failures will 
not occur , special inspec tions to detect damage 
should be under taken as a routine matter . 

Strict attention must be paid to the proper 
lubrication of all equipment, and this includes 
frequent inspection and sampling to detormine 
that the correct quantity of the pr oper lubricant 
is in the <Ulit. It is good practice to make a 
daily check of samples of lubricating oil in all 
auxiliaries. Such samples should be allowed to 
stand long enough for any water to settle . Wher e 
auxiliaries havo been idle for several hours, 
par ticularly overnight, a sufficient sample to 
remove all setlled water should be drained from 
tt1e lowest part or the oil sump. Replenishment 
with fresh oil lo the nor mal level should be In­
c luded in this r outine . 

The presence of salt wate r in the oil can be 
detec ted by drawing off the settled water by 
means of a pipette and by runrling a standard 
chloride test. ;.; sample or sufficient size for 
test purposes can be obtaine<l by adding distilled 
water to the oil sample, shaking vigor ously, 
and then allowing the water to settle before 
draining off the test sample. Because of i•s 
corrosive effects, salt water in the lubricating 
oil ts far more d:mgerous to a unit thln is an 
equal quantity or fresh water . Salt water is par ­
ticularly harmful to units containing; oil­
lubricated ball bearings. 

CASUALTY CONTROL TRA!N!NG 

Cam1alty control training must be a continu­
ous seep- by- step procedure with constant r e ­
fr esher drills . Realistic s imulation of casualties 
must be pr eceded by adequa te prepar ation. The 
amount of advance preparation required is not 
always oeadily apparent; care must be exercised 
to visualize fully the eonsequences or any e.-ror 
which may be made in handling s imulated casu­
alties originally intended to be of a relative ly 
milior nature . The s imulation of major casual­
ties :ind of battle damage must be preceded by a 
complete analysis and by careful instruction to 
a ll participants. A new crew must be given an 
opportunity to l)eCome familiar with the ship's 
piping systems and equipment, prior to simu­
lating any casualty which may have other than 
purely local effects. 

In the pr eliminary phases of tr aining, n "dry 
run" is a useful device tor Imparting a 1<J1owl­
ectgc of casua lty control p1·ocectures, without 
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endangerlng the ship's equipment by too real­
istic a simulation of a casualty. Under this 
procedure, a casualty is announced, and all in­
dividuals are required to report as though action 
were taken (an indication must be made that the 
action was simulated). Definite corrective ac­
tion motions can be made, and with careful su­
pervision the liming of individual actions can 
appear to be very r ealistic . Regar dless of the 
state or training, such dry runs should always 
be carried out befor e actually attempting to 
simulate realistically any involved casualty. 
Similar rehearsals should precede the simula­
tion of relatively simple casualties whenever an 
appreciable proportion of men new to the sh.ip 
are involved, and particularly alter an interrup­
tion (such as ls occasioned by periods of naval 
shipyard overhauls) or regularly conducted cas­
ualty ti·alnlng. 

PROMPT COf!REC'rJON OF CASUALTIES 

The speed with whicb corrective action is 
applied to an engineering casualty ls frequently 
of paramount importance. This Is particularly 
true when dealing with casualties which affect 
the propulsion power, steering, and electrical 
power generation and distribution . U casualties 
associated with these functions are allowed to be­
come cumulative, they may lead to serious dam­
age to the engineering installa tion-damage which 
often cannot be r epair ed without loss of the 
ship's operating availability. Wher e possible 
risk of permanent damage exists, the CO has the 
responslbiUty of deciding whether to continue 
operation of equipment under casualty condi­
tions; and such action can be justified only where 
the risk of even greater damage, or loss or the 
ship, may be incurred by immediately secui· ing 
the affected unit. 

To reemphasize , whenever there Is no proba­
bility of greater risk, the proper pt'OCedure is to 
secure the malfunctioning unit as quickly as 
possible even though considerable disturbance 
to the ship's operations may occur. Although 
speed In controlling a casualty is essential, ac­
tion should never be undertaken wtthout accurate 
information; otherwise the casualty may be mis­
handled, and irreparable damage and possible 
loss of the ship may result . War experience has 
shown that the cross- connecting of intact sys­
tems with a partly damaged one must be delayed 
until it is certain that such action will not jeop­
ardize the intact systems. Speed in the handling 

of casualties can be achieved only by a thorough 
lmowledge or the equipment and associated sys­
tems, and by thorough and repeated training in 
the routine required to handle specific predict­
able casualties. 

PHASE NATURE OF CASUALTY 
CONTf!OL 

The handling of any casually can usually be 
divided Into three phases: limitation of the ef­
fects of the damage. emergency restoration and 
complete repair. 

The first phase is concerned with immedi­
ately controlllng the casualty so as to prevent 
further damage to the unit concerned and to 
prevent the casualty from spreading through 
secondary effects . 

The second phase consists of r estoring, as 
far as practicable, the services which were in­
ter rupted as a result of the casualty. In many 
cases, the completion of this phase eliminates 
all operational handicaps, excepi for the tem­
porary loss or standby units-1.e •. ability to 
withstand f\lrther failure. U no damage to, or 
failure or, machinery has occurred, this phase 
usually completes the operation. 

The third phase of casualty control consists 
of making repairs which will completely r estore 
the installation to Its origlna t condition. 

SPLIT- PLANT OPERATION 

A fundamental principle of engineering cas­
ualty control is SPLIT- PLANT operation. TI1e 
purpose or split-plant design ls to minimize 
the damage that mlgbt result from any one hit. 

Most naval ships built primarily as war­
ships have at least two engineering plants. The 
larger combatant ships have four Individual 
engineer ing plants . 

The mnjot· piping systems on most nava l 
ships are so ar ranged that the engineering 
plants may be oper ated either separate ly (split­
plant) or together (cross- connected). !11 split­
plant operation, the boi lers. turbines, pumps, 
and other machinery are so divided that there 
are two or more complete and separate engi­
neering plllnts. Spilt- plant operation Is used 
when maximum reliability is necessary, as 
when a ship Is operating in enemy waters in 
Ume of war, operating in heavy weather, ma­
neuvering in restricted water s, or engaged in 
undcr wny 1·eple11lshment. 
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Cross-connection valves are provided for 
the main and auxiliary steam systems and other 
engineel"ing systems so that any boiler or group 
of boilers, either forward of aft, may supply 
steam to each engineroom. Cross-connected 
operation was former ly standard for peace­
time operation, since it is far moi·e economical 
than split-plant operation. However, many ships 
built since World War II operate split-plant 
under all conditions. 

Split-plant operaiion is no guarantee against 
devastating or widespread damage that would 
completely immobilize the entire engineering 
plant, but It does r ec:luce the chance of such 
an over-all casualty. If a ship should be 
operating ci·oss-connected , for example, when 
a shell ruptures the main steam line to the 
forward turbine, all steam would be lost, at 
least temporarily, until the damaged spaces 
could be isolated. If the ship should be operat­
ing split-plant when it receives the same dam­
age, tt would be able to carry out its mission 
on the remaining engines. lt is for this reason 
that doctrine calls for split-plant operation 
whenever a ship i s engaged in potentially haz­
ardous operat!ons such as combat, entering or 
leaving port, and maneuvering in formation 
with otho1· ships. 

Split-plant operation bas proved its value 
on more than one occasion. Wilen a torpedo 
explosion wrecked one engineroom and de­
stroyed half the boilers on a cruiser, the ship 
was able lo steam away under its own power 
by using the undamaged plant. Had the plant 
not been split, steam Crom the undarnaged 
boilel'S would undoubtedly have escaped through 
the wrecked enginer oom. The result would 
have been loss of propulsive power, toss of the 
power required to contr ol flooding, and possi­
bly even loss of the entire ship. 

Failure to understand the Iull meaning of 
split-plant ope)·ation may be the cause of un ­
warranted casualties . Such lack of understand­
ing caused heavy damage to one destroyer's 
main engine . The shi1> was operating with the 
plant split, when one boiler lost feed water. 
In lhc process or handling the low-water casu­
ally, fireroom t>ersonnel secured the bulkhead 
steam stops of both boilers . This cut off all 
steam to one enginer oom. The lubrica ting oil 
pump stopped, while the main hlrbine was still 
turning over; and consequently the turbine bear ­
ings wer e wiped and the turliine blading was 
ruined. U the firer oom personnel had thor ­
oughly unde1·stood the split-plm1t arrangement, 
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they could have secured the stops only on the 
boile1· that l1ad low waler, and thus kept steam 
going to the englneroom. 

TMs ca~·ualty to the turbine would not have 
occurred In a ship that had a chain-drive lube 
oil pump, since the pump would have continued 
to operate as long as the shaft was turning. 
Even in a ship that did not have a chain-driven 
lube oil pump, however, this casualty should 
never have occurred. A well-trained engtne­
room force would have been able to stop the 
shaft with backing steam while the bulkhead 
stops were being closed and, at the same time, 
to cross-connect the plant so as to s11p1>ly main 
steam from the remaining fireroom. And 
finally, bulkhead s tops are operable from each 
side of tile bulkhead. 

Split-plant operation may have to be sus­
pended l>ecause of a casualty. A destroyer 
steaming al high speed with au boilers in oper­
ation might be forced lo secure one boiler 
because of a ruptur ed lube. The ship shou Id 
continue steaming with two boilers supplying 
one engine and one boiler supplying the other, 
accepting the small shaft speed differential 
that would result. If both boilers in one !ire­
r oom must be secured because of casualties, 
the two J>lants should then be cross-connected 
so that the boilers in tb.e intact fit·eroom are 
supplying steam to both engfaerooms. 

The foregoing examples prove the va lue of 
oper ating ships with the machinery plant split, 
and also indicate the need for a complete 
undei·standing of all that is involved in split­
plant operation. The intelligent appllcalion or 
good engineering principles should prevent se­
rious damage to associated machinery when a 
s ingle unit suffers a casualty. 

FUEL OIL SYSTEM 

The fuel oil system is generally so ai· .. anged 
that, by means of fue l oil booster and transfer 
pumps, suction can be taken from any !\rel oil 
tank on the ship and the oil pumped to any other 
fuel oil tank . F\lel oil service pUmpS arc then 
used to supply oil to the boilers from the serv­
ice tanks. In split-plant operation, the forwal'd 
fue l oil service pumps are lined up with the 
fcirward service tanks and the after service 
pumps are lined up with the after service tanks . 
The cross-connecting valves in the fue l oil 
transfer line must be closed except when oil 
is being transferred. 
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The main reason for securing the fuel oil 
cross-connecting lines Is to prevent major 
casualties. For example, if all boilers were 
being supplied fuel Oil !rom the 11:1me set of 
tanks and one tank was ruptured by a torpedo, 
or a near-miss bomb or shell, the cntit"e fUcl oil 
system would l>ccome contaminated with salt 
wa ler, the tires would go out, propuls ive Jl(>Wer 
wou ld be lost, and the s l\lp would stop clead in 
the water. 

Some Ships are provided wlch s luicing lines 
that make i1 possible lo sluice oi l (or water) 
from one side of the ship to the Olher . These 
sluicing valves shoold be kept closed when 
tbey are not being used. This Is also true Cor all 
manitold valves. This precaution will pr event 
the movement of any liquid Crom one tank to 
another In the event or damage. 

On some shl1>s, the fuel oil service system 
is so arranged that it can be 011erated either 
split-plant or cross-connected, :.Ill the way up 
to the burners . 

FEED WATEH SYSTEM 

Because of the need ror entire reliability or 
the reed system, feed and condensate systems 
are usually operated split-plant rather than 
cross-connected. In fact, on some ships it is 
not possible to cross- connect lhe Coed sys te ms 
at all. 

During split-plant opei·ntlon I he ni:tin feed 
system may be divided lnto two or moi·e sepa­
r ate and complete systems. In an operation of 
this type the after boilers would be supplied 
Crom the alter deaeratlng feed l:mk by means 
of the after booster and main !el'd pumps: the 
same principle woold apply to the forward sys­
tem. In splitting the plant, use as lltlle of the 
feed piping system as PoSSlble and Isolate the 
rest of lhe system so as to redUce the area 
subject to casualties . Keep the emei·gcncy reed 
pumps will·med up and ln a standby condition, 
r eelrculallng on cold suction, ready lo supply 
feedwAtcr to the boiler s in the evijnl or a cas­
ualty to the main feed and booster pumps. 

MAIN STEAM SYSTEM 

The main steam system varies somewhat 
from 011e ship to another, depending upon the 
distribution and arranp;emc11t of the boilers and 
the main enp;l11es. The main steam system is 
usually a relatively simple system. 

Smaller types or ships may have the forward 
and the after syst em cross connected to £orm a 
complete system througboot the englnerooms 
and flrerooms, whereas larger types of ships 
have tnde1>endenl forward and after syslems. The 
methOd of supplying steam to the propulsion tur­
bines , however, 1·emalns essentia lly the same. 
On s mall combatan t shlps the mah' steam sys­
tem ls split fo1·c ancl alt to for m two separ ate 
syscems. On large combatant ships thoi·c are 
no main s team connections between the two 
for ward and the two after plants, and the main 
steam is split athwartsllips; this gives a total 
of foor sep."lratc main steam systems. Valves 
are provided at strategic points, such as at 
oolkheads and at the boilers. to permit errective 
isoL"ltion tn case or damage. 

AUXILIARY STEAM SYSTEM 

The auxiliary steam system that sup11lies 
saturated steam !or the operation or auXiliary 
machinery ls one or the most complex engi­
neering systems on the ship. On ships llavtng 
M- type boilers, auxiliary steam is taken from 
the steam drum and is at approximately steam 
drum pressure. On Integral superheater boile1·s. 
auxiliary steam comes from the desuperheater 
outlet. On ships having high- pr essure boilers, 
the auxilia r y steam Is taken through reducing 
va lves thnl lower the pressure to about 600 psi. 
In each caso, lhe 600- psi auxiliar y s lenm sys­
iem a lso supplies steam to a number orreduced­
pressure systems. 

Since all auxiliaries except Uie turbogener­
ators operate on steam taken from tile 600-psi 
sys 1 e m or one of its reduced-pressure 
branches, an adequate pressure must always 
be maintained In this system. Emergency 
demands for steam (such as a sudden require­
ment for l\Jll-p0wer astern operation) could 
re<k•ce the pressure in the auxlllnry steam 
system to tho point where fuel pumps. feed 
pumps. !or cod dr~\ft blo we r s . ch-cu lating 
pumps, and :111 oth!!r vital auxiliaries would he 
seriously entl3ngercc:t. 

ENOIKEROOM CASAULTIES 

For each class of ships, the type commander 
for mula leH engineering casualty procedur es 
which aro applicable to the spec!Cic type of 
engineering plant . This section contains Inf or· 
mation on typlral cnglneroom castlall11is and the 
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general procedures i·ecommended by the Naval 
Ship Systems Command for the control of each. 
Consult the ship's Engineering Casually Control 
Manual Cor engineering casualty procecfures on 
your ship. 

PROPULSION AND AUXILIARY 
MACHINERY 

ln the event of a casualty to a component 
part of the propulsion plant, tile principal 
doctrine to be impresseduponoperatlngperson­
nel ls the prevention or additional or major 
casualties. Under normal operating condi­
tions, the safety of personne l and machinery 
should be given Cirst consideration. Where 
practicable, lhe propulsion plant should be 
kept In operation by means of standby pumps, 
auxiliary machinery, and piping systems. Tile 
important thing is to prevent minor casualties 
from becoming major casualties, even if it 
means suspending the operation of the propulsion 
plant. It is better to stop the main engines 
for a few minutes than to put them com­
pletely out of commission, so that major r e­
pairs are required to place them back into 
operation. In case a casualty occurs, the 
officer or CPO !11 charge of the wateh should 
be notified as soo11 as possible; he In turn must 
notify the OOD ii there will be any cf!ect on lhe 
ship' s speed or on the ability to answer bells. 

JAMMED THROTTLE 

If the ahead throttle valve jams open, close 
the guarding valve or the main line stop valve. 
To r emedy the situation In an extreme emer­
gency, the astern throttle may be used. 

H the astern throttle valve jams open, close 
the line stop valves . To remedy the situation 
in an extreme emergency, open the alwall 
throttle. If necessar y, the ship c:1n be ope1·­
ated by means of the guarding valve. 

NOTE: On some new combatant ships, the 
guarding valve controls the steam 10 both the 
ahead and astern throttles . In such cases, 
should e ither throttle jam. the casualty is con­
trolled by closing the guarding valve . The shaft 
cannot be stoJll>ed by using the opposite throttle . 

Loss of Steam Pressure 
in the Engineroom 

In the event of a loss Of Steam pressure, the 
following action s hould be taken: 

1. Close the main throttle and tt·ip the 
turbogenerator to prevent the main steam pres­
sure from dropping below the designated mini­
mum operalin&' pressure, normally about 75 
perce nt of the rated pressure. If tile elec­
trica l load Is split, the bus tie between the 
two main switchboards must be closed intme­
diately, pencling supply or steam to the tw·bo­
generator from the other plant. 

2. Open the main and the lurbogenerator 
steam cross connections. 

3 . Open both aux i II a r y steam cross­
connection ;-alves. 

4. Secure U1e boiler stop valves . 
5. Shift to e lectrical auxilia1·ies as desired. 

Locking and Unlocking of 
Sha.Ct Underway 

In locking the shaft , the following action 
should be taken: 

1. Stop the main shaft by means of the 
astern turbine. 

2. Slow ship's speed to one-half full power 
speed or Jess, if necessary, or to the desig­
nated locking speed. 

3. Engage the turning gear at locking shaft 
speed, and imn1cctiately apply the brak.e . 

4. Note the astern steam pr essure and the 
ship's rpm on the other shaft(s) . when the 
shaft is he ld stationary tor locking. 

5. Close tile astern throttle slowly. 

In m1locking the shaft. tt1e following action 
should be taken: · 

1. Reduce the temperature or the main 
steam as much as pracllcable . 

2. Br ing the ship to the same speed (rpm) 
at which the shaft was locked. 

3. Open the astern throttle until the same 
astern steath pressure, used when the shaft 
was locked, is obtained. 

4. Disengage the turning gear Immediately . 
(It may be necessary to adjust the astern 
throttle pressure slightly in order to disen­
gage the turning gear. The turning gear brake 
may then be released.) 

5. Slowly c lose the astern throttle. 
6. Open the ahead throttle and slowly bring 

the main shalt up to the speed required for the 
ope1·at1on of the s hip. 
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CAUTION: If the shart has been locked Cor 5 
minutes or more, the turbine rotors may have 
become bowed. and special precautions are 
recommended. Before tho shact Is allowed to 
turn, mon should be statloned at the turblnos 
to check Cor unusu;i.I noises and vibration. When 
the turning gear is dlsengagod, the astern throttle 
should be slowly closed, the torque produced by 
the prop0 lier passing throuirh the water will st:i.rt 
the shaCl rotating. IC, when the propeller starts to 
turn, vibration indicates a bowed rotor, the Ship's 
speed shOuld be reduced to the point where llt!lc 
or no vibration of the turbine is notlcabie and 
thl11 speed should be mal.nto.lned unUI the rotor 
ts stral(lhtened. IC operation at such 3 slow speed 
Is not practicable, the turbines should be slowed 
by use of the astern throttle, to the point of lenst 
vibration but ,.;th the turbines still operatini In 
the ahead dire<: ti on. When the turbines are 
slowed to tbe pc,lnl or little or no vibration. the 
shnft shou Id be operated at that speed and the 
ahead throttle should be opened slightly to per­
mit sonic steam Clow through the ruCected tur­
bine . 'rho heat from lhe steam will warm lhe 
shaft and aid in straigbterting it. Lowering tho 
main condenser vacuum will 2.dd additional heat 
to the turbines; this ,.'ill Increase the exhaust 
pressure and temperature. 

As the vibration decreases, lhe astern 
throttle cnn be closed gradually, :1llowlng the 
speed oC the sh art to increase . The shaft speed 
should bo Increased slowly anct a constant el1ock 
ror vlbrnllon should be maintained. The turbine 
Is not ready Cor normal operation until vibra­
tion has disappeared at a II possible speeds. 

Vibration 

U the TURBINE BEGINS TO VIBRATE, the 
fellowing action shou ld be taken: 

I. Slow the turblne and reduce the super­
heat temperature. A rumbling noise probably 
lnellcates the presence or water In the ca.sing. 
either Crom boiler priming or Crom Inadequate 
casing drainage . 

2.. U lhe turblne has been standlng more 
thrut 5 minutes without being spun, It Is prob­
able that the rotor has bowed temporarily. 
Usually n brief slowing or the turbine will 
permit the rotor shall lo straighten. 

II the SHAFT VIBRATES EXCESSIVELY, 
the following action should be taken: 
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I. Slow the engine . Speed up lite other en­
gine to maintain speed. 

2.. I! vtbralion continues, slow all eo,,arnea 
until the cause or the trouble can be deter­
mlrted. 

3. Inspect lhe main shnft bearings and the 
bulkhead stuffing glruids. 

4. I! feasible, Investigate tho propeller, 
the fairwators, and the rope b"1ards. 

5. I! vibration continues and Is excessive 
at required speeds, stop tho shact and lock It. 

Noises 

In the ovenl of a METALLIC NOISE in tho 
turbine, the following action should be taken: 

I . Stop the turbine . 
2. Lock t.be sbart and do not operate until 

the cause or the noise has been determined 
and remeclled . 

In the event ol an UNUSUAL NOISE IN TtfE 
llEDUC1'!0N GEA.ll nnd if tooth fa!lul'e l s not 
probable, tho Collowlng action should be taken: 

1. Slow the engine immediately, and stop It 
if the noise persists. 

2. Check the oil discharge pressure, the 
temperature of the bearinjtS. nnd the operation 
oC oil spt·ays; check the strainers for the 
pr~sence or bah\Jltl or forel!Jll mutter. 

II a LOUD OR ROARING NOISt: Is beard, 
proceed to (1) stop the engtM a.,d check the 
shaft immediately. and (2) lock Ule sbart and 
as far as I.he ship's operations permit. make 
a prelimln:i.ry Investigation. 

Hot Beartn11s 

Uthe turbine bearings ue hot. the following 
action should be taken: 

I. Check to see that a proper amount of oU Is 
being discharged Crom the cooler 211d that an 
adequate supply Is bein~ discharged to the 
bearings. 

2. Slow the engine, if necessary. to main­
tain a bearing temperature within the limit 
defined by lhe m:muCacturer, or ns experience 
dictates. 

3. Place burlap or rags over U1e top or the 
bearing housing. and run a slow stream oC 
salt water over the housing. Care should ix: 
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taken that the water ls not splashed Into the 
oil or Into the gland sealing systems. Spraying 
water on a bearing should not be resorted to 
except in an emergency, as cold water causes 
contraction of the bearing, further reducing the 
clearance. 

In the case of r eduction gear bearings, do 
not operate gears, except in an emergency, 
until the bearings have 1Jeen examined. Wiped 
bearings would permit pinion or shaft mis­
alignment, and thereby result In uneven wear 
of the gears. 

U the TURBINE OR SHAFT BEARING BE­
COMES OVERHEATED, the following treat­
ment Is recommended: 

I. Once tile bearing temperature has been 
reduced from the critical range by meU1ods 
listed under turbine bearings (mentioned pre­
viously), proceed at a speed that wil l keep the 
bearing temperature satisfactory. 

2. If overheating has not caused damage to 
shaft packings, overheated bearln!ls may be op­
erated at moderate speeds; however, the bearing 
should be replaced as soon as possible. 

3. U the bearing damage is believed to be 
greater U1an assumed above, turn over the 
shaft at a minimum speed to prevent the bear­
ing from free:r.ing. Then stop and lock the 
shaft. Continue operation of the rorcect lubri­
cation system. 

4. Operate the lubricating ol l purifier con­
tinuously to 1·emove any flakes of babbili, or 
other foreign matter, wtilch might become 
entrained In the oil system. 

Cruising Turbine Oul 
or Commission 

If the cruising turbine doesn't operate prop-
erly, the following action should be taken: 

1. Disconnect the cruising turbine. 
2. h1serl the locking device. 
3. Secut·e the valves, gland seal, gland 

leak-off, and drains of the cruising turbine . 

Loss or Vacuum 

The major causes of a loss of vacuum a.re: 
excessive air leakage into the vacuum system, 
improper functioning of the air-removal equip­
ment, improper drainage of condensate from the 
condenser, insufficient !low of circulating water, 
and high injection temperature . 

1. EXCESSIVE AIR LEAKACE INTO THE 
VACUUM SYSTEM may be caused by: 
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a. Insufficient gland sealing steam. 
b. Vent valve on idle condensate pump 

open. 
c. Loop-seal filling valve open. 
d. Bypass \•alve on drain tank open. 
e. Drain tank float valve stuck open. 
f. Taking make-up feed ft·om empty 

feed bottom. 
g. Leakage of flangos, fittings, or 

valve stem packings under vacuum. 
2 . lMPROPER FUNCTIONING OF THE AIR­

REMOVAL EQ.UJPMENT may be due to: 
a. Insufficient steam to the air ejectors. 
b. Foreign matter lodged In the alr ejec­

tor nozzle(s). 
c. Erosion of the air ejector no:r.zle . over 

a period of time. 
3. ilVIPROPER DRAINAGE OF CONDEN­

SATE FROM THE CONDENSER may be 
caused hy: 
a. Low speed of condensate pump, indi­

cating malfunctioning or the pump's 
speed-limiting governor. 

b. Condensate pump air-bound because 
of the vent connection from ihe nrst 
stage being closed or not opened wide. 

4. VISUFFICIENT FLOWOFCIRCULATING 
WATER may be caused by: 
a. Improper adjustment of the over­

board discharge valve (the main in­
jection valve being wide open whenever 
tile condenser is under vacuum). 

b. Inadequate speed of lhe main circu­
lating pump. 

c. Plugged tubes, resu I ting rrom mud, 
she lls, small fish. or ke Ip being 
trapped against the ·injection strainer 
bars or in the inlet water chest . 

d . Air trapped in condenser. 
5. HIGH INJECTION TEMPERATURE 
Basically, the injection temperature limits 

the maximum vacuum (minimum absolu te pres­
sure) obtalnnble in a specific p lant, assuming the 
condcnset". associated equipment, and piping 
under vacuum to be clean and properly operated. 

Whenever there is a loss of vacuum, the firs! 
step In correcting the trouble ls to locate the 
cause of the casualty. The major possible 
causes are so numerous that no attempt will be 
made to list the proper action re~lred for each 
one. The required action may be very simple, 
such as closing the loop seal filllng valve, or it 
may be much more complicated, such as c lean­
ing the main condenser or replacing air ejector 
nozzles. 
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Leak in Condenser 

II a condenser salinity indicator shows a rise 
in the chloride content, the source or the con­
tamination must be determined immediately . 
To locate these sources, test the fresh water 
from different units in the system by checking 
the prope1· salinity indicators (If Installed) and 
by making chemical chloride tests. There ar e 
four maJor causes of a salty r.ondense1·: 

1. Leaky tube(s) in tile condenser. 
2. Make-up feed tank salted up. 
3. Low pressure drain tank sailed up. 
4. Leaky feed suction and drain lines which 

run through the bilges. 
Each or the aforementioned possibilities must 

be investigated to determine the source o! the 
conrnmlnntion and its e limination . 

If it Is determined that there is a minor 
le,tk in the condenser and the s hip' s prospective 
arrival time Is less than 24 hours, the affected 
plant will probably be continued in operation. 
Isolate the condensate system, and limit the 
number of boilers on the engine involved. When 
operating under tllese conditions ll will be nec­
essary to blow down the b:>iler(s) as necessary, 
to keep the boiler salinity within lhe specified 
limit. 

However, if the leak is serious, the following 
action shoold be taken: 

1. Stop the engine and lock the shl\ft. 
2. Shift drains, auxiliary exhaust, and tur\lo­

gencrator exhaust to the a11xillary con­
denser . 

3. Retain the main lubrication oil system in 
operation, and proceed on the other 
englne(sl . 

4. Test the condenser and plug the leaking 
tube(s) . 

For the llroceclu1·e in locating and plugging 
leaking condenser tubes, r efer to either the 
manulacturer' s technical manual for the s pe­
cific et1ulpment or the Bureau of Ships Technical 
Manual. 

Cooling Water to Auxiliaries Falls 

If the cooling water to lhe auxiliaries fails, 
proceed as follows: 

1. Take cooling water from the riremaln or 
(al cross-connect cooling main, (b) start pump(s) 
as neccss1u·y. 

2. A portable gas-driven pumpandhosemay 
be used I! other means fall. 

FEED WATER SYSTEM 

In this section, discussion or reed water sys­
tem casualties is limited to the p1·ocedure to 
follow when suction is being taken from an empty 
feed bottom ancl t he deae r ating feed tank. 

Casualty to Deaerating Feed Tank 
(OFT) Split-Plant 

In the event of a casualty to a deaerating 
feed tank when steaming splil-plant wilh all 
deaeratlng reed tanks in use, the Collowlng action 
should be taken: 

1. Open to the unaffected plant the cross­
over valves in the condensate system, the 
main-!eed system, tile auxiliary exhaust 
steam line, the high pressure drains, and 
the fuel-oil beater drains. 

2. Secure tile boile r. 
3. Secure the main-feed pump(s) and the 

booster pump(s) 
4. Secure the exhaust steam lo the damaged 

OFT. 
5 . Secure the high pressure drains to the 

damaged DIT. 
6. Sccu1·e the fue l oil heater drttlns to the 

damaged DFT. 
7. Secure the condensate discharge va lve 

to the damaged OFT. 
8. Secure the recirculating system and all 

the vent valves on the damaged DFT. 

Casually to Deaerating Feed Tank 
(Cross-Connected Plant) 

If a casualty to the D FT occurs when the ship 
is steaming with a cross -connected plant and bas 
one deaeraling feed tank in use, the following 
action should be taken: 

1. Start the main- feedboosicr pump and then 
tile booster pump(s) in the opposite en-
1tlne1·oom. 

2 . Secure the main-feed pump(s), and the 
main-feed booster pumps In the engine­
r oom having the casualty to the OFT. 

3 . Secure the condensate discharge to the 
damaged OFT, and discharge It Into the 
opposite D FT. 

4 . Secure the exhaust steam to the damaged 
OFT >tnd r oute it to the opposito OFT. 

490 



Chapte r 17-ENGINEERING CAS UALTY CONTROL 

5. Secure the high pressure drains to the 
damaged DFT, and route them to the op­
posite OFT. 

6. Secure the fuel- oil beater drains to the 
damaged DFT, and route tbem to the op-
110sile OFT. 

7. Secure all t11e vent valves and the re­
c ircu lating valves on tile damaged OFT. 

8. Open the vent on the DFT being placed in 
service, and shift mako-up reed to the 
opposite cngineroom. 

Deaeraling Feed Tank Water Level 
Drops During Steady Steaming 

Ii the deaeraling feed tank water level drops 
during steady steaming, ACTION to be taken is 
as follows: 

t. Check operation of main condensate pump. 
2. Check recirculating valves on main con­

densate line . (Close valves if they are 
open.) 

3. Check water level in main condenser and 
start standby main condensate pump if 
water level is too bigb. 
CAUTION: This ls to be done gradually, 
keeping close watch on auxiliary exhaust 
pressure. 

4. Check other engincroom(s) for excess 
feed water conditions. 

5. lf :\II lhosc conditions are normal, take 
on make-up feed. 

Deaerallng Feed Tank Too Full 

Ii the deaerating feed tank Is too full, the 
ACTION to be taken is as follows: 

l. Check reed booster pump operation. 
2. Check make-up feed valvc , ensure it is 

c losed. 
3 . Open excess feed valve , deaernting fee d 

tanl< to feed bottom, or if othe1· engine ­
room can take the excess feed, open con­
densate cr ossover and secure condensat.e 
to deaerating feed tank. 

Empty Feed Bottom in Use for 
Make-Up Feed 

The following actions should be taken with an 
empty feed bottom in use fo1· make-up feed. 

I. Shift to another r eserve reed bollom 
for m:\ ke-up ree d. 
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2. Refill the empty f%d bottom by one of the 
following methods: 
a. Distill to the empty reed tank. 
b. use theemergencyfeedpumptotrans­

fer feed water from the opposite feed 
tank to tho empty feed tank. 

c . Open lhe excess feed valve or the 
DFT r un-down valve to the empty 
feed tank. 

LU8Fl!CATING SYSTEM 

It must be Impressed on all operating per­
sonnel concerned with the ship's lubricallon sys­
tem that even a momentary loss of flow of 
lubricating oil will r esult in localized over­
heating and probab le s light wiping of one or 
more be::u·inits. Such wiping mt1y resull in 
only a momentary r ise in the te mper ature of 
the luhrlcallng oil discharge from the bear ­
illg(s) . Damage can be prevented or minimized 
by stopping the shart r otation and quic kly r e­
storing the lubricating oil flow. Continued 
operation with wiped bearings will caust> se­
rious derangement to the shaft packings, oil 
seals, and blading. 

Loss of or Low Lube Oil Pressure 

Operating personnel must thoroughly under­
stand the precautions and the procedures to 
prevent low lubricating oil pressure . 

Tbe loss or lubricating oil pressur e may be 
caused by: (1) The failure of the system itself, 
including the main lubricating oil pumps; or 
(2) the failure of steam or electrical power sup­
ply to the m;iin lubricating oil pum1>s. 

Component parts of the lube oil system may 
fail because or the presence in these parts of 
dil·t, r ags, or at.lier foreign matte r. Failure of 
the system may be caused by a piplntr ralh1re, by 
a fa ilure of the operating pump, o r by failut·e of 
the standby pump to s tart. Standby pumps s hould 
be mainta ined r eady to start the moment the 
pressure drops below the prescribed operating 
range. U automatic-starting devices are not 
availabl e on steam-driven pumps, the pumps 
must be lined up S<l that opening the throttle is 
the only action required to start the pumps. 
Steam SllPPlY lines to standby pumps s hould be 
drained continuously. Where electrical pumps 
are Insta lled, personnel must be thoroughly fa­
miliar with alte rnate sour ces or power. 
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The general procedure to be followed when 
lube oil pressure Is lost Is as follows: 

I. Close the ahead Utrottle. 
2. Open the astern throttle until the shalt 

stops. 
a. Sin1ultaneous ly with steps 1 and 2, 

attempt to regain lube oil pressure. 
b. Slow the ship's speed to 1/2 power 

or less, if ship has more than one 
screw. 

3. When the shaft Is completely stopped, 
engage the jacking gear and apply the 
brake. Secure gland seallng steam ancl 
main air ejectors . 

4. Close the astern throttle slowly. If ship 
has two or more screws, speed may now 
be increased to the limit for locked shaft 
operation. 

5. Every effort should be made to regain 
lube oil pressure. 

a. Check the lube oil pump In use. 
{U motor-driven, check nor mal 
and alternate power supplies; if 
turbine-driven, check tho throttle 
valve and constant pressure gov­
ernor.) 

b. Shlfl and Inspect the duplex strain­
ers, check for flakes of babbitt and 
other metal. 

c. Any oil leaks shou ld be round and 
repaired. If there is an oil leak, 
bilges should be !lushed and 
pumped. 

6. If, during split-plant 01Jeration , a lube oll 
casualty Ls due to a loss of steam pres­
sure take w A Y off the ship by backing the 
othe; enp:ine(sl. If cross-connecting wlll 
not cause a loss of steam to the other 
plant, open the main steam and auxillary 
steam cross - connecting valves. If cross­
connecting would affect the other plant, 
isolate tile damage and then cross-connect 
the main and auxiliary steam systems. 

7. Inspect all bearings to see iC any have 
over healed. 

8 . Start the purUler if It is not in use. 

Following a machiMry derangement caused 
by the failure o! tbe lubricating oil supply, a 
thor ough examination o! the main reduction-gear 
bear ings may be imprac ticable; however, the 
following Information should be considered when 
such a casualty Is belnii; investigated: 
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1. The oil-strainer basket in use should be 
examined for the presence of babbitt 
!lakes. 

2. All turbine and cn1islng r edUction-gear 
bearings should be thoroughly inspected. 
(In the event of loss of oil pressure, the 
cruislni; reduction-gear bearings are the 
firs t to be damaged.) 

3 . The main reduction-gear bearings can be 
divided into three groups, in accordance 
with the rotational speed of the journals 
and the probability of the bearings becom­
ing wiped. The rotational speed o! the 
two 11lgh-speed pinions is the same as 
that of the respective turbine rotors. The 
speed o! the bull-gear shaft Is the same as 
that of the propeller shaft. The speed of 
the four Intermediate-speed gear and 
pinion assemblies is approximately one­
half the speed of the low pressure turbine 
rotor. 

4. The high-speed pinion and the intermc~­
ate-speed pinion bearings or the ma111 
reduction gear should be examined, 
through the Inspection openings, for pos­
sible flow or babbitt from the bearings. 

5. Check for oil flow through the reduction 
gear bearing sight flow indicators . An 
absence of flow or a reduced flow through 
a sight now indicator indicates that the 
bearing has been wiped to the extent that 
the oil passage is blocked or partially 
blocked. When such a condition exists, a 
below normal reading may be shovm on 
the thermometer. 

6 . If the turbine bearings are found to be in 
good condition, it can be assumed that the 
main redUctlon- gear bearings are a lso in 
good condition. 

7. If a partial examination of the main reduc­
tion-gear bearings shows no Indication o! 
wiping and only one of the turbine and 
cruising gear beru:lngs Is round to be 
wiped the shaft may be operated at the 
minh,;um speed which the tactical situa­
tion will permit until such time as a 
thorough examination of the main reduc­
ton-gear bearings can be made by a re-
pafr activity. . 

8. If several of the bearings for the high­
pressure turbine, and especially those for 
the low-pressur e turbine, are found to be 
wiped, it is likely that the high-speed 
pinion bearings for the main reduction 
gear are also wiped. In this case, the 
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shaft shou Id not be operated until the high­
s peed pinion bearings have been thor ­
oughly examined. IC these bea1·1ngs nr e 
wiped, t11e intermediate-speed gear and 
pinion bearing should be Inspected. When­
ever possible, these Inspections and re­
pairs should be made at a naval shipyard. 

The preceding procedure applies when the lu­
bricating oil pressure of the entire system is 
lost. However, IC It is noted that a turbine bear­
ing Is overheated because of a local loss of oil 
or because or the presence or foreign mall er, 
and It becomes necessary to shut down the 
turbine, it should be slowed clown, and kept op­
erating at a s low speed, until the bearing and 
journal have cooled to a sale temperature. If 
the shalt Is stopped quickly, the bearing metal 
may freeze to the shalt and thereby make re­
pairs much more difficult. 

Cooler 1\Jbe Carries A .. •ay 

When a tube or lhe lubricating oil cooler car­
ries away, the action to be taken Is as follows: 

1. Ir it ts permissible lo reduce the speed of 
the ship, bypass the cooler; and strike 
down oil from the storage lank to the sump 
to restore the working level. 

2. lf It Is not permissible to reduce the speed 
of the ship sufficiently, or if the oil leak 
Is not serious and there is an adequate 
supply or oil on board, Increase the lu­
bricating oil pressure so that oil will 
leak Into the waterside or the cooler; and 
pump make-up oil Into the ~-ump tank. 
The cooler can be bypassed, and the 
water level in t11e pump, and the condi­
tion or the resulting emulsion should be 
checked Immediately prior to making a 
decisinn lo leave the turbine running. 

Lubricating 011 Leak Into l:.'nglneroom 

When lubricating oil leaks Into the cnglne­
room, the :ictlon to be t:i.ken ls as follows: 

l. Ir permlaslbte, stop the engine. 
2. If it is not permissible to sec11re the en­

gine, plug or patch the leak so as to stop 
oil loss and prevent the creation or a fire 
hazard. 

3. Inspect tho oil level in the sump: strike 
down purified make-up oil as necessary . 

Uigb Oil Level in Reduction Gear &imp 

u a casualty of this type occurs, tho action 
to be taken ls as rouows: 

1. Obtain permission from the 000 to slow 
!be engine . 

2. Pump down the sump t:mk to the proper 
l evel. 

3. Determine the source or trouble and cor­
rect lt. 

Excessive Oil PUmp Discharge 
Pressure 

If the dischar ge pressure of the oil pump be­
comes excessive, the action to be taken Is as 
follows: 

J. Inspect the constant-pressure pump gov­
er11or for proper operation. 

2. Inspect the strainer and all parts or the 
lubricating oil system for restrictions or 
oil !low. 

3. Check all bearing and reduction gear 
temperatures. A clogged strainer or a 
pipe line restriction may greatly 1·cduce 
the amount of oil being delivered to the 
lubrication system, thus causing over­
heating of the bearings and gears. 

DIESEL ENGINE CASUALTIES 

Because or the complexity or diesel engine 
installations In the Na~-y, personnel SllOuld be 
familiar with casualty control proce<llres. &lch 
information can be obtained from manufacturers' 
technical manuals, pertinent type commanders 
instr11ctlons and lhe ship's Engineering Casually 
Control Sook. Typical diesel engine casualties 
are d,lscussed In the paragraphs which follow. 

Broken Injector Tip 

Ir an injector tip has broken, the following 
procedure should be used: 

I. Cut out !be faulty injector. 
2. No!ify the engineer omcer and lhe bridge 

of the casualty and request permission to sec11re 
the engine ror repntrs. 

3. After permission has been obtained, 
secure the engine, remove the Injector nnd re­
place it with a spare. following !be procedure 
as outlined In the appropriate maintenance 
man11al. 
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4. After repairs are completed, test lhe en­
gine operation. H it is operating properly, 
report to the engineer officer and the bridge. 

B1·okcn Cyllnder Liner 

If :\ cylinde r liner has broken. lhc fulluwing 
proceclur c should be used: 

1 • Secur e the engine. 
2. Report to the engineer officer and the 

bridge :tnd requ~st permission to proceed with 
repairs. 

3. Remove the head and piston; pull the liner 
which has broken, and replace It with a spare 
liner, Collowlng the procedure as ootllned in tbe 
engine n1nlntenance manua l. 

Main Engine !J.1be Oil Pressure Falls 

Jf tho n1ain engine lube oi1 pressure has 
failed. lhe following procedure should be used: 

I. Secure tile engine immediately. 
2. Notify the engineer officer and the bridge. 
9. Check the system thoroughly, Including 

the oil level, piping, filters and strainers. and 
the luhe oil pump. 

4 . Arter repairs have been completecl, notify 
the cnginec1· olCicer and the bridge . 

Fresh Wall!r Leakage in a Ocslgnaled 
Cylinder 

H fresh water has leaked into a cylinder. the 
following t>rocedure should be used: 

1 . Notify the engineer officer and the bridge, 
and request permission to secure the engine. 

2. When permission is granted, remove the 
inspection plate from the cylinder . Inspect the 
gaskets and seals and the cy linde r liner U1or­
oughly. 

3. LC lhe trouble is not located, the engine 
head mus t be r emoved and lnspllcllon made to 
locate trouble . 

4. Repair as necessary. 
5. Test lhe engine . 
6 . If the engine tests satlsCaelorlly. report to 

the engineer orrtcer and the bri~e. 

Fresh-Water Pump Falls 

U tho fresh-wate r pump has failed, lite follow­
ing proccdt11·c should be used: 
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1. Check tile pump. Be sure that the pump 
is not alrbound. 

2. If the pump is not airbound, report the 
casualty to the engineer officer and the bridge, 
and request permission to secure the engine 
for r epai rs. 

3. Wilen permission is granted, secur e Ille 
engine. re move the pump and repair or replace 
\\tifh a spa.re. 

4. Test the engine; if it ls operating properly. 
notify tile engineer officer and the bridge. 

Speed Governor Fails 

If the speed governor has Called, the Collo\\ing 
proced11re should he used: 

l. Contro l the eng; ne manually. 
2 . Notify the engineer officer and the bridge, 

and request permission to secur e the engine 
for repairs. 

3. Check the governor control mechanism. 
4 . Check the linkage for binding or sticking . 
5. Check tbe lubrication . 
6. Make rel)3irs. When they arc completed, 

start the engine and check its operation. If it is 
operaiing properly. notify the engineer officer 
and bridge. 

F\rn l Oil Pressure Fails 

If the rue! oil pressure has failed, the fo llow­
ing proceclurn should be used: 

1. Use the hand priming pump to keep the 
engine operating while inspection ls being made 
to determine the cause of failure. 

2. Check the entire fuel system, Including 
strainers. amoont or fuel In day tank. fuel lines. 
pump, a11d i·cllef val ve . 

3 . Notley the engineer omcernndthebridge, 
when the trouble is located. Request permission 
to se<:uro fo1· repairs. 

4. Test the engine . Jf it is Oi)er ating pr op­
erly, r eport to the engineer ofClcer and lhe 
bridge. 

Lube Oil Tempel'ature Rises Above Normal 

If Ille lube oil temperature has risen above 
normal, the Collowlng procecktrc shoold be used: 

I. Chock the lube oil prcs~i.1rc. 

2. Check the sa lt-wale r pump discharge 
pressul' O and the temperature or lhe coolini; 
\Valer . 
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3. Check the fresh-water level in the ex­
pansion tank. 

4. Check the sea suction and overboard 
valves . 

5. Vent the fresh- and salt-water pumps . 
6. Check the ther mostat control valve to the 

salt-wate r and fresh-water heat exchanger , for 
proper operation. 

7. Report any trouble found to the engineer 
officer and the bridge, and request permission 
to secure the engine for repairs. 

8. After repai rs are completed, check the 
engine and if It is 01:>er a ting proper ly, report 
to the engineer officer and the br idge . 

Engine Cooling Water Temperature 
Rises Above the Allowable limit 

If the engine cooling water temperature has 
risen above the allowable llmil, the following 
procedure s hould be used: 

1. Check the fresh-water level in the ex­
pansion tank. 

2. Check the salt-water discharge pres­
sure . 

3. Check the sea suction and dlschar ge 
valves . 

4. Vent the fresh- and salt-water pu mps. 
5. Check t11e temperaturn regulating va lve 

setting and operation. 
6. T! at any time conditions wanant secur­

ing engine, secure and notify the bridge and the 
engineer officer . 

7. Make repail·s, test out the engine, and if 
it is operating properly, notify the enginee r 
officer and the br idge . 

FIREROOM CASUALTIES 

There are many fireroom casualties which 
i·equire a knowledge or preventive mcasm·es and 
corrective n1easures. Sonle are n1ajor, son1e are 
minor; but all can be serious. Thesecasualties, 
together with r elated p1·eventive and corrective 
measures, are discussed i11 this section. Many of 
these casualties can lead to other casualties 
which can be even more serious . Ther efore it is 
necessa ry to know instantly and accurately what 
to do for each casualty. Stopping to rind out 
exactly what must be done !or each casualty could 
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mean loss of life, extensive damage to ma­
chinery, and even complete failure or the en­
gineering plant. 

Tills section takes up the procedul'eS for 
handling some of the most common fire1·oom 
casualties . The various casualties are dis­
cussed separ ately, but it is lmportant to re­
member that casualties tend to be cumulative 
in eifect. One thing leads rapidly to another. 
Loss of fuel oil suction, for example, will 
1·equire that the burners be secured. When 
the burners a r e out, t here is a loss of 
auxiliary steam and electric p<>wer ; steam­
dr i ven 01· electrically driven auxiliaries can­
not be ope rated . Without auxi liaries, air can­
not be supplied to the furnace or feed water 
to the boiler. Thus any casualty may lead to 
others even more serious. Prompt action must 
be taken to control even minor casualties, in 
order to avoid a seq\•ence of tr ouble whiclicould 
lead ultimat ely to the total failure of the en­
gineering plant . 

The discussion of Ii re room casualties in this 
sectlon Is intended lo provide a gene1·al Idea 
of how casualties should be handled. This 
information should be supplementecl by study of 
the casualty control lnJormation given In the 
Bureau of Ships Technical Manual, chapte r 9880 
(88), section III, and by study or the casualty 
cont1·ol instructions Issued by the enginee r 
omcer on your own ship. 

Most of the casualties discussed in this sec­
tion are treated in a step-by- step way: first 
one step is performed, then anothe1·. then 
another, and so forth. Jn handling aclual cas­
ua lties, however, this step-by-step approach 
will p1·obably have lo be modified. Different 
circumstances may require a different sequence 
or steps for control of a casualty. Also, in 
handling real casualties several steps will have 
to be performed at the same time . For examplo, 
main control must. lie notified of any casualty 
to the boilers or to associated equipment. If 
" Notify main control" ls listed as the third 
step in controlling a particular casualty, does 
this mean that the main control is not notified 
until the first two ste11s have been completed? 
Not at all. Noti fying main control is a step 
that can usually be taken at tbe same time 
otber s teps ar e being t:lken. It is probably 
he lpful to learn the steps for controlling cas­
ualties ln the order In which they ai·e given; 
but do not ovel'look the fact that the steps mny 
have to be performed simultaneously. 
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Casualties ln the Control of 
Water Level 

Casualttes In the control or water level 
Include low water, high water, !eed pump 
casualties, loss of feed suction, and low feed 
pressure. 

Low Water Casualty 

Low waler is one of U1e most serious of 
all fireroom casualties. Low water may be 
caused by failure of the feed ~mps, ruptures 
in the feed discharge line, defective check 
valves, low water in the feed tank, or other 
defects. 

However, the most frequent cause of low 
water is Inattention on the part of the cbeckman 
and the PO in charge of the watch, or the di­
ver sion of theh· attention to other duties. The 
checkmar1's sole responsibility i s to keep the 
water in the boiler al a proper level. 

Low water is extremely damaging to the 
boiler and may endanger the Ii ves of fireroom 
personnel. When the furnace is hot and there is 
insufficient waler to absorb the heat. the heating 
surfaces are likely to be distorted. the brickwork 
damaged, and the boiler casing warped by the 
excessive heal. In addition, serious steam and 
water leaks may occur as a resu It of low water. 

Disappearance of the water level from the 
water gage g lasses must be treated as a casualty 
r equiring the IMMEDIATE securing of1he boiler: 

'!'ho question of whether the waler has gcme 
out of sight irt the bottom of the glass or at the 
top of the glass should not even be considered 
until 1he boiler has been secured, since it is 
impossible to be SURE about the water level 
when yoo cannot see it in a gage glass . An 
empty glass looks almost exactly the same as 
a rull glass, and serious boiler casualties have 
occurred when fir eroom personnel have used 
blowdown to cure a conclllion that they mis­
takenly assumed to be high water . 

By car eful observation, it is sometimes 
possible to distinguish between an empty gage 
glass and a full one by the presence or absence 
of ~ondcnsate trickling down the Inside of the 
glass. The presence of condensate Indicates, 
of coorse, an empty glass-that is. a low water 
casualty. However. the boiler must be secured 
whether the water is high or low. After the 
boiler trns been securer!, the locallon of the 
water level can be cte1erminecl i.>y using the 
gage glass cutout valves and drain valves . 
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If the waler level goes below lhe lowest 
visible part of the water gage glass, OR IF THE 
WATER LEVELDISAPPEARSANDYOUDONOT 
KNOW WHETHER IT IS HlGH OR LOW, the fol­
lowing action must be taken IMMEDIATE LY: 

1. Shut off the oil supply to the boiler and 
secure the fires at once . 

2. Close the feed check valve anct the feed 
stop valve . Reme mber, never reed water to a 
boiler In an attempt to restore the water level 
after the water has disappeared from slghl In 
the lowest visible part of the glass. 

3. ::"loUfy the engineroom. 
4. Close all boiler stops and guarding valves. 
5. Cross-connect the plant, I! so ordered 

by main control. 
6. Blow through the waler gage g lasses to 

determine whether the water levelis high or low. 
7. When you are SUR € that 1he casualty is 

low water rather lhan high water, lift the safely 
valves by hand and gradually relieve the boiler 
pressure. CAUTION: Never lift safely valves 
in the event of a high water casualty: 

8. Close the burner registers and, If prac­
ticable, secure the forced draft blowers. 

9. Allow the boiler to cool slowly. 

It should be noted that when tho water level 
falls low enough to uncover portions of the 
tubes, tho hoal trans fer surface Is r educed. As 
a r ule, therefore, the steam prassu1·0 will drop. 
Ordinarily a dt·op in steam pressur e is the 
resu lt of an Increased demand for steam, and 
the natura 1 tendency is to cut In mo,.e burners 
to fulfill lhe demand. If lhe drop In steam 
pressure Is caused 1)1 low water, however, 
increasing the firing rate will result In serious 
damage to the boiler and possibly in Injury to 
fircroom personnel. THE POSSIBILITY THAT 
A DROP IN STEAM PRESSUR € INDICATES 
LOW WATER MUST ALWAYS BE KEPT IN 
MIND: ALWAYS CHECK THE LEVEL IN THE 
WATER OACE GLASSES BEFORE CUTTING 
IN ADDITIONAL BURNERS, WHEN STEAM 
PRESSURE HAS DROPPED FOR NO APPARENT 
REASON. 

High Water Casualty 

If the water level goes abOve the highest 
visible p:lrl or the water gage glass, the follow­
ing action must be taken IMMEDIATELY: 

1. Cl\eck the feed check valve and the feed 
stop val\IC. 
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2. Shut off the oil supply to the boiler and 
secure the fires at once. 

3. Stop the forced draft blowers. 
4. Close all boiler stopsandguardingvalves. 
5. Notify the engineroom. 
6. Open the cros s-connection valves, if so 

orde1·ecl by maln control. 
7. Blow through the water gage glasses to 

be sure that the casualty Is actually high water 
rather than low water. 

8. When you ar e su1·e that the casualty is 
Mgh water rather than low water, use the 
surface blow valve to blow the boiler dov;n w1til 
the waler is at steaming level . 

9. Light off the boiler and cul. It in on tile 
line again, when so orderecl by main control. 

Feed Pump Casualties 

Failure of a feed system pump can have 
drastic consequences. Unless the pump casually 
is corrected Immediately, the ~mp failure 
will lead to low water in the boiler . In addition 
to the obvious dangers a ssociatod with low 
water, ther e are some which a1·e equally serious 
but not so obvious. For example, low water 
causes complete or partial loss of steam pres­
sure . When steam pressu1·e is lost. or gr eatly 
r educed, you will lose the services of vital 
auxiliary machiner y- pumps, blowers, and so 
forth. It is essential, therefore, that feed pump 
casualt ies be handled rapidly and correctly. 

FEED BOOSTER PUMP FAILURE.-In many 
installations, the reed booster pump and the main 
feed pump are in the enginer oom. In other 
installations, the feed booster pump is in the 
engineroom but the main reed pump is in the 
flreroom . In this latter type of installation, 
failure of the reed booster pump will be in­
dicated to the fir eroom force by loss of main 
feed pump discharge pressure and by the sound­
ing of the low pressure feed alarm that Is 
usually fitt.ed where this type of machine1·y 
arr angement exists. The casually to the feed 
booster pump will be dealt with by engineroom 
personnel, if the pump is In the enginer oom; 
but fircroom personnel must take the rollov.;ng 
steps to maintain a supply of feed wate1· to the 
boiler: 

1. Ring for more feed, or otherwise notify 
the engineroom that additional booster pres»1lre 
or more feed pressure ls 1·cquired. 

2. If the engineroom is unable to remedy 
the situation immediately, s tart the emergency 
feed pump on COLD SUCTION. The emergency 
feed pump can take a HOT SUCTION from the 
feed booster pump, or a COLO SUCTION from 
the reserve feed tanks. In s tandby condition, 
this pump sllould always be lined up on COLD 
SUCTION. 

3. If so ordered by main control, cross­
cormect the feed system in your own space and 
take feed from this source. 

4. Keep the engine room informed of the 
source of feed so that the ship's speed can be 
held within the limits of boiler capacity. 

5. If Wlable to maintah1 the proper water 
level in t he boiler , secure the boiler i n order to 
prevent a low waler casualty. 

MAIN FEED PUMP FAILURE.-Some of 1he 
most likely causes of failure of the main feeci 
pump are (1) malfunction or the constant-pres­
sure pump governor, (2) and alrbound or vapor­
bound CQndition of the main feed pump, (3) faulty 
pump clearances, and (4) malfunction or Im­
proper setting of the speed-limiting governor. 

Failure of the main reed pump calls for lhe 
following action: 

1. Star t the standby main feecl pump. 
2. If no standby pump is available, start 

the emergency reed pump. If the feed booster 
pump is working, line up the emergency feed 
pump to not suction and continue reeding the 
boiler . 

EMERGENCY FEED PUMP FAILURE.-Tbe 
procedure for handling failure of the emergency 
feed pump will vary acco1·ding to the situation 
existing at the time the pump falls. 

In many ships, the emergency feed pump Is 
normally used for in-pot"! operation, with the 
main feed pump in s tandby conclitlon and the 
feed booster pump providing a hot suction for 
the emergency reeci pump. Under these condi­
tions, emergency feed pump failure can be 
handled by notifying the engineroom so that the 
main feed pu111p can be put on the line and usecl 
to feed the boile1'. 

A more difficult problem will arise If the 
emergency feed pump fails when it lsbeingusecl 
because of a pr e•ious casualty to the feed 
booste r pump or to the main feed pump. Under 
these conditions, it may be possible to deal wUb 
the situation by cross-connecting and ush1g a 
pump In some other space to supply feed to the 

497 



ENGINEERING, OPERATION Al\TD MAINTENANCE 

boiler. If the operating conditions do not allow 
this solution of the problem, It will be necessary 
to secure the boiler immediately in order to 
prevent a low water casualty. 

If the emergency teed pump loses suction. 
as indicated by a jer ky, irregular motion, 
check to be sure that the suction line ls free 
of obstrur.llons and that a ll s top and check 
valves are open. 11/hen the emergency teed 
pump Is taking a hot suction, the pump may 
become vapor-bound and lose suction. To cor ­
rect this condition, shift to cold suction and open 
t he vents on the waler-end valve chest. Cooling 
can be expedited by directing a stream or salt 
water around the pump barrel, being careful not 
to splash it Into the pump gland. Continue to 
cool the pump until a steady flow or water 
emerges h·om the vents. Continue using cold 
suction until the head pressure Is restored. If 
a standby pump ts available , shift to the s tandby 
while cooling off the fir st pump, 

Loss of Feed Suction 

If reed suction is lost, the following action 
should be taken: 

1. Ring !or more feed or notify the engine­
room that more feed pressure Is needed. 

2. Start the emergency reed pump on cold 
suction. 

3. U so or der ed by main control, cross ­
connect the main feed system in your own space 
and continue feeding the boiler from this source. 

4. If the water level cannot be maintained, 
secure the boiler lo prevent a low water casualty. 

5. Keep the engineroom Informed of the 
source or teed so that the ship's speed can be 
held within the limits of boiler capacity. 

Low Feed Pressur e 

If tile main feed pump discharge pr essure 
is too low, the first three things to be checked 
are (1) the reed booster pump discharge pres­
sure, (2) the level and pressure In the deaerating 
feed tank, and (3) the reed stop and check valves 
on Idle boilers. A failure or the reed booster 
pump will, or course, cause loss of suction and, 
ther efore, loss of discharge pressure of the 
main reed pump. It the feed stop and check 
valves on Idle boiler s have accidentally been 
left open, the main feed pump discharge pr es­
sure may be low merely because water has 

been 1n11nped to an idle boiler . as well as to 
the steaming boiler . 

When reed pressure is low, U1c following 
action shOuld be taken: 

1. Ring for more feed or notHy the englne­
room thllt more feed pressure Is needed. 

2. Start the emc1·gency feed pum p and use 
it to increase the feed pressure to tho boile r. 

3. Check the discharge pressur e of the 
main reed pumps and booster pumps, the water 
level In the deaer ating reed tank, the pressur e 
of the deaerating feed tank, the auxutary ex­
haust pressure, the feed check valves 011 Idle 
boilers, and the operation or the constant­
pressure pump governor on the reed pump. 

4 . If the cause of the low feed pressure 
can be determined, notiCy the engineroom. 
Cr oss-connect the main feed system If so 
ordered. 

5. It the water level cannot be maintained, 
secure the boiler to prevent a low water 
casua lty. 

6. Keep the enginer oom informed of the 
source or reed so that the ship's speed can be 
held within the limits of boiler capacity. 

FUEL OIL SYSTEM CASUALTIES 

Casualties to any part of the fuel oil system 
are serious and must be r emedied at once . 
Common casualties include (1) oll In the fuel 
oil heatc1· drains, (2) water in \he fuel oil, 
(3) loss of fuel oil suction, (4) failure of the 
fuel oil service pump, and (5) fuel oil leaks. 

Oil in the Heater Drains 

Oil leakage from the fuel oil heaters Into 
the drains may cause oil contamlnatlon of the 
drain lines . the reserve feed tanks, the de­
aerating reed tank, and the reed system piping 
and pumps . The presence or oll in nny part or 
the feed system Is dange rous because of the 
p0sslbl1Hy that the oil will eventually 1·each 
the boilers, where it will cause steaming 
difficulties anc:I serious damage to the boilers. 

F\Jel oil heater drains must be Inspected 
hourly for lhe presence or oil. If oil ls found 
In the drains, the following action must be 
taken immediately: 

1. Shift the drains to the bilges. 
2. Notify Lhe engineroom. 
3. If more than one heate r is in use at the 

time of the casualty, locate lhe defective unit 
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and secure It immediately. Uno other heater 
is already In use, cul in another heater before 
securing the ooe which is leaking. 

4. After the drains have become Cree or 
oil, shlf1 the drains back to the drainage 
system. 

Water hi the F\1e I Oil 

The presence of an appreciable amounl of 
water in tile luel oil is indicated by hissing and 
sputtering or the fires and atomizers and by 
racing or the fuel oil service pump. The situatioo 
musl be remedied at ooce: otherwise, choked 
atomizers. loss of fires, Clarebacks, and re­
fractory damage may result. Tile lollowlng 
steps mus< be taken immediately: 

1. Shift suction to another tank. 
2. Discharge the contaminated oil, us ing 

the r ecirculating line, to the contaminated oil 
tank: or discharge it overboard unlil the oil 
becomes tree of water. 

3. Observe the tires carefully. I! they go 
out, secure lhe burners at ooce. I! the burners 
have already been secured, drain lhe oil Crom 
the system between the burner manifold and 
the atomizers. Watch the oil as the system is 
being drained, so that you can tell when the 
oil becomes free of water. 

4. !'urge t he furnac.e by blowing through lt 
with alr hel'ore lightlng off again. 

Loss ot F\lel Oil Suction 

A loss or fuel oil suctioo usually Indicates 
lbat lhe oil in the service suction tank has 
dropped below the level ol the fuel oil service 
pum1> suction line. This causes a mixture of 
air and oil to be pumped to the atomizers . The 
atomizers begin to hiss and lhe fuel oil service 
pump begins lo r ace. Loss of fuel oil suction 
must IJe rem«dicd immediately i)y the following 
action: 

1. Secure all burners. Leave at least one 
register open to expel all gases ol combustion 
and to burn up any oil that may have accumulated 
on lhe furnace deck. On double-f\Jrnacc boilers 
leave at least one register open on the saturated 
side and at least one open on the superheater 
side. Leave Ille blowers running to provide an 
air pressure of approximately 2 Inches of water 
between tho air casir1gs. 

2. Start Urn standby fuel oll pump, making 

sure that It is lined up on the standby service 
suction tank. 

3. l'\olify the engineroom as sooo as pos­
sible. 

4. Open the cross- connecting valves if or­
dered to do so by main control. 

5. After all oil has been burned Crom the 
furnace C1001·s, slow down the forced draft 
blowers and close the registers. 

6. Cheek the fuel oil service system for 
water or air. Take necessary action to rld the 
system of water or a ir ii they are present. 

7. Check the rue l oil service pump to see 
it it is alrbound. I! it is airbound, II will be 
very noisy and erratic in operallon. In this 
event the pump must be vented ruid then be 
pr imed by lining up the fue l oil booster and 
tr ansfer ))Ump discharge to the service pump 
suction. 

8. After fue l oil suction has bocn regained, 
notify the engineroom, light off again, and put 
U1e boiler back on the line . 

U only one boiler is in use when fuel oil 
suction Is lost, the preceding proce<l1re must 
be modllled as follows: 

l. Oo not leave the forced draft blowers 
r unning after the burners have been secured. 

2. I! fuel oil suction has not been r egained 
by the time the steam pressure has d.r.·opped to 
85% of oper ating pressure, socul"e :tll boiler 
slops and guarding valves. 

3. After suction has been regained, purge 
the furnace with air and light orr again . using 
only one atomizer . 

II must be strongly emphasized that the 
loss of fuel oil suction can cause ser ious 
res\lllS. Related casualties may Include loss 
of auxillary steam and e lectric powet·. with 
the complete loss of all e lect rically driven and 
sleam-dl"l ven machinery. 

Failure or F\1al Oil Service P\lmp 

Failure of the fuel oil service pump can 
cause the same progressive series ol casualties 
as those which result from loss or fuel oil 
suction. If the fuel oil service 1:ium1> Calls. the 
following action should be taken: 

I. Cut in the s tandby fue l oil service pump, 
makinrr sure that it is lined up to tnkc suction 
fr om tho r eserve or standby se1·vice suction 
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tank. Make every effort to maintain fuel oil 
pressure until the difficulty can be located 
and remedied. 

2. Notify the engineroom what action is 
taken so the ship's speed can be held within 
lhe capacity of the engineering plant. 

3. Open all cross-connection valves, if so 
ordered by main control. 

4. Secure the boiler and all stop valves If 
fuel oil service canr1ot be reestablished by 
any fuel oil pump. 

Major Fuel Oil Leaks 

Fuel oil leaks are very serious, no matter 
how smal.I they may be . l'\iel oil vapor s ar e 
very explosive. Any oil spillage or leakage must 
be wiped up immediately. If a leak occurs on 
the suction side of the fue I oil service pump, the 
following action should be taken: 

1. Secure the fuel oil service pump and 
notify the engineroom of the casualty. 

2. Secure the boiler or boilers affected by 
the casualty. 

3. Get firefight ing equipment to the scene 
and wipe up all oil. Flush the bilges if necessary. 

4. Line up and use a differ ent section of 
suction line. 

If a leak occurs on the discharge side of 
the fuel oil service pump, the followlng action 
should be taken: 

1. Secure the fuel oil service pump. 
2. Close tile pump clischarge valve and the 

quick-closing cutout valve. 
3. Notify the enginer oom of the casualty. 
4. Secure the boiler or boilers affected by 

the casualty. 
5. Get firefighting equipment to the scene 

and wipe up all spilled oil. NOTE: If a service 
tank has been ruptured, shift to the standby tank. 

FO.RCED DRAFT BLOWER FAILURE 

If a forced draft blower falls, take the follow­
ing action: 

1. If one blower fails when two blowers 
ar e in use, speed up the other blower. 

2. If only one blower is in use, secur e the 
burners immediately to prevent a flareback. 

3. Start the standby blower and notify the 

enginer oom of the casualty because of a possible 
need for a reduction in speed. 

4. Deter mine the cause of the failure and 
remedy the trouble as soon as possible. 

The ruptu r e of a forced draft blower lube 
oil line is a casualty in itself, as well as one 
which can lead to blower failure . The rupture 
of a lube oil line is discussed here separately 
liecause of t he special hazard of fire that is 
involved. If a for ced draft blower lube oil line 
is r uptured, take the following action imme­
diately. 

1. lf two blo\ver s are in use, secure the 
affected blower and speed up the other . If only 
one blower ls in use, secure the burners im­
mediately to prevent a flareback. Secure the 
affected blower and light off the standby blower. 

2. Notify the engineroom because of a pos­
slble need for a reduction in speed. 

3. Get firefighting equipment to the scene. 
4. Wipe up all oil that has spilled out. 

Flush out and wipe out the bilges as necessary. 
5. Repair or renew the ruptured section 

as soon as possible. 
6. Refill the r eservoir with c lean oil. Test 

the new section; if it is satisfactory, the l>lo,ver 
can be returned to service. 

FLAREBACKS 

A flareback is likely to occur whenever the 
pressure in the furnace momeot.arily exceeds 
the pressure in the boile1· air casing. Flare­
backs are caused by an inadequate air supply 
for the amount of oil being supplied, or by a 
delay in lighting the mixture of air and oil. 

Situations which commonly lead to flare­
backs include: (1) atte mpting to light off or to 
relight burner s from hot brickwork; (2) gunfire 
or bombing which creates a partial vacuum at 
the blower intake, thus rech1cing the air pres­
sure supplied by the blower s; (3) for ced draft 
blower failure; (4) accumulation of unburned 
fuel oil or combustible gases in furnaces, tube 
banks, uptakes, or air casings; and (5) any 
event which first extinguishes the burner s and 
then allows unburned fuel oil to spray out into 
the hot furnace . An example of this last situa­
tion might be a temporary interruption of the 
fuel supply which would cause t he bur ners to 
go out; when the fuel oil supply retur ns to 
normal, the heat of the furnace might not be 
sufficient to rellght the burners !mmecliately. 
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In a few seconds, however, the fuel oil sprayed 
into the furnace would be vapor ized, and a 
flareback or even an explosion might r esult. 

To reduce the danger of flarebacks, THE 
FOLLOWING PRECAUTIONS MUST BE 
OBSERVED: 

1. Oil must not be a llowed to accumulate 
in the furnace. The furnace must be blov.n 
through with air before lighting offlhe atomizers. 
The atomizer valves or1 secur ed burners must 
be kept tight at all times to prevent leakage 
of oil into the furnace . If a large amount 
of oil accumulates in the furnace, it may be 
necessary to open up the boiler and clca11 up 
the oil befor e lightlng off the boiler . 

2 . Whenever atomizers are accidentally ex­
tinguished, shut off the oil Md blow through tbe 
furnace with ait· before reli.ishting ihe atomizers. 

3. NEVER ATTEMPT TO RELIGHT AN 
ATOMIZER FROM A HOT BRICK WALL. USE 
A TORCH. 

4. The man handling the torch must stand 
well clear to avoid injur y in case a flareback 
occurs. 

The following action shou Id be taken for a 
major flar eback which involves possible \Joiler 
damage or extinguish.ment of furnace fires. 

1. Close the quick- closing master fuel oil 
valve to the burner manifold and the burner 
supply valves, and notify the engineroom. 

2. Use firefighting equipment as necessary. 
3. Secure tile boiler main steam stop. 
4. Adjust the feed s top and check valves, 

or stop the feed pumps, as necessary to prevent 
high water. 

5. Speed up the forced draft blowers to 
purge the furnace of un\Jur ned gases and to bum 
any oil accumulations from the furnace floor. 

6. Open the auxiliary steam cross ­
connection valves if necessarv to maintain 
auxiliary s team service, and secure the auxiliru·y 
s team stop. 

7. Inspect the boiler and light off, using 
normal procedure if conditions permit. 

Minor flar ebacks, or tl1ose which do not 
involve furnace fires being extinguishecl, do 
not necessar ily require carrying out the pr evious 
procedure. However, inspec t the boiler care­
fu lly for signs of damage, . particularly to 
the refractories. 
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SUPERHEATER CASUALTIES 

If the distant-r eading super heater thermom­
eter does not r egister a normal incr ease in 
temperatur e when the superheater is first 
lighted off, the trouble may be e ither lack of 
steam flow or failure of the distant- reading 
thermc)meter. Lack of steam flow must be 
considered as a possible cause even if the 
superheater s team flow indicator (if installed) 
shows that there is a flow . If the thermometer 
does not r egister a normal incr ease in tem­
perature, the following steps should be taken: 

1. Secure all superheater burners. 
2. Make certain that the superheater steam 

flow indicator is properly cut in. 
3. Check the distMt-r eading thermometer 

against the direct-reading superheater ther ­
mometer. If the two thermometers have pre­
viously been working properly, and if they now 
agree, the chance s ar e ove r\vhelmlngly against 
the trouble being in the distant-reading ther ­
mometer . 

4 . To find out if ther e is a flow of steam 
through the super heater , lift the super heater 
safety valves by hand for a SHORT blow. This 
will establish a positive s team Clow past the 
thermometers. 'J'hen recheck the thet:mon1eters. 
If they still agr ee, but at a different temperature, 
there is 110 flow through the super heater. 

When operating with superheat, it is essential 
to keep a constant check on the flow of steam 
through the superheat.er and on the superheater 
outlet temperature. Any deviation from normal 
conditions must be corr ected without delay. 

It is important to remember that a casualty 
to some other part of the engineering plant 
may r educe or entirely stop the flow of steam 
tlu·ough the superheater, Md so cause a super­
heater casualty, unless appropriate action is 
taken to pxevent damage. For example, a 
casualty to the main engine s rnight call for a 
sudden lar ge r eduction or even a complete 
stoppage of steam flow. Even If t he superheater 
burners are secured, there will still be a need 
for steam Clow to pr otect the superheater from 
the heat of the furnace. In this event, or when­
ever a greater flow is r equired than can be 
obtained by ordinary means, LIFT THE SUPER­
HEATER SAFETY VALVES BY HAND TO EN­
SURE A POSITIVE FLOWOFSTEAMTHROUGH 
THE SUPERHEATER. 
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\\Then the superheater thermal alarm sounds, 
tile superheater fires must b€ immediate ly de­
creased to bring the temperature below alar m 
tempet·ature. Do NOT decrease the temperature 
further than necessar)'. It is very seldom 
nec.essary to secure all super heater burners 
in order to bring the temperature down to the 
prescribed point. 

CASUALTIES TO REFRACTORIES 

If brick or plastic falls out of the furnace 
walls and goes unnoticed, burned casings may 
result. I! brick or plastic fa lls out of a furnace 
wall, the following action shou ld be taken: 

1. If practicable , secure all the burners. 
If it is not practicable to secure all the bur ners, 
secure those burners which are adjacent to the 
damaged section. NOTE: It may be necessar y 
to continue oper ating the boiler until another 
boiler can be brought in on the line. 

2. Notify the engineroom and cross- connect 
the plant if so ordered by main control. 

CASUALTIES TO 80ILE;H 
l?RESSURE PARTS 

When boiler pr essure parts, such as tubes, 
carry away or rupture, escaping steam may 
cause serious injury to personnel and damage 
to the boiler . It is urgent that the boiler be 
relieved of its pressure and cooled until no 
more steam is generated. If a boiler pressure 
part carries away or ruptures, tal<e the follow­
ing steps immediately upon discovery of the 
casualty, to minimize and localize the damage 
as much as circumstances will allow. 

1. Shut off the oil supply to the boiler. 
2. Speed up the fo1·cec\ draft blowers to 

drive escaping s team up the stack and keep it 
from entering the fireroom. 

3. While the first two s teps ar e being 
taken, the following steps shou ld be taken 
simultaneously: 

(a) Close all boiler steam stop valves 
(main, turbogenerator, and auxil­
iary). 

(b) Notify the enginer oom and cross­
connect the plant if so ordered by 
main control. 

4. Gradually lift the safety valves by hand to 
relieve the pr essure. 

5. Close the burner register s . 

6. Continue to feed the boiler until it has 
cooled. Remember that a damaged pressure 
part can lose water at a very rapid rate. If 
other operating boilers ar e being feel from the 
same main feed system as the d:lmaged boiler, 
take special pr ecautions to see that the un­
damaged boiler s do not suffer low water casual­
ties because of loss of main feed . Start the 
emergency feed pump and feed the damaged 
boiler from a reserve feed tank. Any water 
lost because of the damaged pressure part will 
thus be lost from the reserve feed tank rather 
than from the main reed system. 

? . After the pressure has been r educed, slop 
the blower s and close up all possible sources 
of air entry into the boiler . Allow the boiler 
to cool off slowly. 

Casualties to Water Gage Glasses 

Gage g lasses are connected to the water and 
steam spaces of the s team drum. If a water 
gage glass carries a\\lay, the l'nix:ture of steam 
and water escaping frClm the gage connections 
may seriously burn personnel in the ar ea. 
A ball check valve in the high pressure gage 
line functions when the flow is excessive. In 
addition, the hazard of flying partic les of glass 
makes this casualty ver y serious. The pa1·tic les 
of glass could lodge in your eyes and blind you, 
or they could lodge e lsewhere in your body 
and cause serious injury. If a gage glass 
casualty occurs, throw a large sheet of asbestos 
cloth, r ubber matting, or similar material over 
the glass . Then take the following action: 

1. Close the top cutout valve . 
2. Open the dr ain valve. 
3, Close the bottom cutout valve . 
4. Replace the glass. Slowly crack open the 

bottom cutout valve and a llow the new glass to 
warm up s lowly. Open the top cutout valve and 
c lose the dr ain valve . If there is 110 leakage, 
and if the new glass shows the same water leve l 
as the other glass on the boiler , the water gage 
can be considered back in service. 

OIL FIRES 

An oil fire may be caused by the ignition of 
oil or oil vapor in any place where oil is allowed 
to collect. Oil may accumulate in the double 
casings from partially plugged atomizer s, from 
continued drip when atomizers are secured and 
not r emoved from the burners, or from allowing 
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m:lnifold pressures to drop excessively. Fre­
quent observations through burner and fur nace 
sight glasses ancl the correct settings of atom­
izers and register doors are helpful in prevent­
ing oil accumulations. 

Precautions 

The following precautions must be taken to 
prevent fires : 

I. Do not a llow oil to accumulate in any 
place. Particular care must be taken to guard 
against oil accu mulation in drip pans under 
pumps, in bilges, in the furnaces, on the floor 
plates, and in the bottom of air-encased boilers. 
Should leakage from the oil system to the fit·e ­
room occur at any time. immediate action should 
be taken to shut off the oil supply by me:lns of 
quick-closing valves and to stop the oil pump. 

2 . Absolutely tight joints in all oil lines 
ar e essential to safety. Immediate steps must 
be taken to s lop leaks whenever thev are 
discovered. Fla nge safety shields sho~ld be 
installed 011 all flanges in fuel oil service lines 
to prevent sprnying oil on adjacent hot sur faces. 

3. No lights s hould be permitted 111 thefire­
room except e lectric lights (fitted with steam­
tight globes , or lenses, and wire guards), and 
permanently fi tted smoke indicator :lnd water 
gage lights. ff work is being done in the vic inity 
of flammable vapor s, or if rust- preve ntive 
compound or metal-conditioning compound is 
being used, all portable llghts should be of the 
explosion proof type. 

Firefighting Equipment 

The fireroom force must be thoroughly 
drilled to handle an oil fire promptly and 
efficiently, as ii is but a matter of minutes 
before an oil fire assumes ser ious propol·tions. 
Standard firefight.ing equipment should a lways 
be available and ready for use in all fire­
r ooms. In most shipboard installations, perma­
nently fitted steam smother ing lines are provided 
in the Iireroom bilges :lnd ins ide the casings 
beneath the boilers. These lines should be 
examined and tested by steam at least monthli•, 
to e nsure satisfactory opernting condition. Par­
ticular attention should be give n to t he condition 
of the line in casings beneath the boiler , because 
of Its impor tance in the event of a casing fire . 

Fir efighting Procedures 

In the event of a MA,TOR FffiE IN THE 
FIREROOM which prevents boiler operation, 
the following action must be taken: 

l. Shut off the fuel oil supply and stop all 
fuel oil pumps. 

2. Secure the but·ners and close the regis­
ters. 

3. Close the main and auxiliary steam stops 
:lnd the feed stop when the fit·eroom is abandoned. 

4. Stop the forced dr aft blowers. 
5. Secure the ventilation supply and exhaust 

fans EXCEPT when it is necessary to leave 
them in operation in order to provide a means 
of escape for fireroom personnel. The decision 
as to whether or not to secure the fans must 
be made by the firefighting per sonnel. 

6. Use the fire- extingui shing equipment pro­
vided. 

7. Notify the engine r oom, an cl open cross­
connection valves if so ordered by n1ain control. 

For an OIL FffiE IN 'THE BILGES, the fol­
lowing action should be taken: 

1. Shut off the fuel oil ~upply to the burners. 
2. Stop the fue l oil pu mps . 
3. Use the flre- extinguishingequipment pro­

\1ided. Hov;ever, use the steam smothering 
system ONLY if the fi r e cannot be contr olled 
by other means . All personnel must be out of the 
flreroom and all hatches, ventilators, and other 
openings must be closed befor e the steam 
smothering system is used. 

For an OIL FffiE IN THE DOUBLE CAS­
INGS, the following action should be taken: 

1. Shut off the fue l oil supply totheburnc1·s, 
and stop t he fuel oil pumps. 

2. Stop the forced draft blowers. 
3. Use the casing steam smothering system 

to extinguish the fire. NOTE : The steam 
smothering system m ay be used in the casings 
without danger to fire r oom per sonnel. 

BATTLE CASUALTIES 

A thor ough loiowledge of the ship's engineer­
ing plant, its piping systems, and relatedequip­
ment, and of the cor rect casualty procedures 
could be the differ e nce between effective and 
ineffective action to control battle cabualties. 
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The major battle damage casualties dis ­
cussed in this section involve tt1e securing and 
isolation of spaces in which extreme damage 
has occur red. The control or casualties caused 
in other spaces by battle damage is not included 
in this section. The corr ective procedures in 
many cases are almost the same. Ther efore , ii: 
i s recommended that when battle problems are 
made up, various individual casualties pre­
viously mentioned should be included to simu late 
less than total damage to a particular space. 

!;;NGlNEHOOM AND FIBEROOM 
CASUALTIES FROM SHE LL OR 
TORPEDO HITS 

Shell or torpedo hits in vital engineering 
spaces u~-ually resu lt in multiple casualties to 
machinery and systems. The conective action 
for any particular situation depends on the 
location and extent of the damage. While battle 
casualties differ In some respects. the following 
pr ocedures apply to any casualty of this type: 

1. Secure space or isolate damaged sections 
or systems as necessary. 

2. Cross-connect systems or plants when 
feasible . 

3. Stop the turbine and lock the shaftin event 
of serious casualty to turbine, r eduction gear, or 
U)ain stean1 line , or in event of loss of lubricating 
oil pressure . 

4. Carry out applicable casualty contro l pro­
cedures in the e vent of turbine, re duction gear, 
pr ope lier, pr ope Iler shaft , or turbogener at or 
damage . 

5. DO EVERYTHll\G POSSIBLE TO PRE­
VENT FLOODING OF SPACE. Put a ll available 
pumps on i)ilges of clam aged space; plug holes and 
establish flooding boundar ies to pt·event pro­
gr essive flooding. 

6. Repair damaged lubricatlng oil lines and 
water lines with soft patches, blank flanges, 
wooden plugs, or other suitable means. 

7. Secure main and auxiliar y steam lines and 
aui-'iliary exhaust lines into space by remote 
contr ols if escaping steam prevents entry of 
repair party personnel into space. 

8. Extinguish all fires and investigate dam­
age . 

9. Make r epairs to retur n machinery or 
space back into service, if possible. 

10. Keep the communication lines open and 
keep main engine contr ol advised of prevailing 
conditions . 

MAIN ENGINE: CASUALTY­
NEAR MISS 

SiOp the tur bine and lock the shaft. Make 
repairs if possible . If lubricating oil lines or 
sump tank are damaged, apply soft patches; 
calk seam or sump tank if necessary. Carry 
out turbine and l'eduction geal· casualty proce­
dures a those units are damaged. 

The rupture of main steam piping in any 
space may rm the space with s team, making 
it untenable . This will necessitate abandoning 
I.he space and secur ing it. Crom outside . Entry 
into the space will be possible after the steam 
leak has been stopped and the space has cooled. 
After 1·eentry into the space i s possible, the 
damage can be isolatecl, r epairs made, and 
units r e turned to operation . 

If main steam piping is carried away in a 
fireroom, close the main boiler stop val ves 
and close the throttle on t he affected engine; 
secure rue I oil to bu mer s by c losing the master 
fuel oil vtl lve or by remote control; isolate 
all s team lines to th<> damaged fireroom. As 
practicable, open cross- connection valves to 
restore main and auxiliary steam to main 
engines, turbogene rators, and vital aux:iliru:ies; 
cross-connect the fresh water drain and con­
densate systems to return water to the plant 
supplying steam; restore lubricating oil pres­
sur e as soon as possible. 

If a n1ain ste·am line casualty occurs in an 
enginer oom and personnel ar e unable toescape, 
close main and auxiliary boiler stop valves, 
shut off fuel oil to burners, and close bulkhead 
valves to isolate the damaged space. 

In event of an engineroom not becoming 
immediate ly untenable because of a br eak in 
main steam piping, the main boiler stops and 
the main t hrottle should be closecl; the 
ruptured section of main steam piping shOuld 
be isolated. The space should continue to 
r eceive auxiliary steam for the maintenance 
of lubricating oil pressure; this is not nec­
e ssaq• for ships with shaft-driven or ele~tric 
lubr icating oil pumps. 

RU PTURE IN AUXILIARY STEAM 
PIPING 

Battle casualty to a section of auxiliary 
steam piping may cause the space to become 
filled with steam and be untenal)le . If pos­
sible, secure the steam from within the space; 
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but It this Is not possible, secure steam from 
outside the space. 

U the auxiliary sceam casualty occurs in a 
!ireroom, the engine room personnel should stop 
and lock the shart unless other means are avail­
able ror maintaining lubricating oil pressure; 
secure the oil supply to the burners, and secure 
tho maln and auxililu·y steam su ppllo s to the 
damaged firoroom. 

When auxiliary sleam piping casua lties occur 
in an englneroom, slop and lock the shaft; 
close the boiler stop valves lo boiler (s), supply­
ing steam to damaged line; and secure the boiler 
(s); Isolate damaged section or auxlllary steam 
line; make repairs andattempttoresumeopera­
tlon or space as soon as possible . 

RUPTURE JN AUXILIARY EXH AUST 
PIPING 

Patches, blank flanges, and pl\1gs may be used 
freely In repairing damage to the low-pressure 
auxiliary exhaust system. In the event or a 
major break In the system, carry out casualty 
procewrcs as described !or the auxll1:1ry steam 
system. When a section or the auxlllary ex­
haust system Is damaged, action n1ust be taken 
to prevent reed water casualties rron1 occurring. 
If damaged sections cannot be isolated, use only 
nccess.~ry machinery which exhausts into the 
damaged section. 

RUPTURE IN MAIN FEED PIPING 

If damatte occurs to main feed piping, secure 
the main reed pump. Then srart the emergency 
feed pump and feed through the auxlllary reed 
system; secure the main feed sto1> and the check 
valve . When danger of low water In boiler 
exists, secure the boiler . Isolate sec lions or 
damaged ptplng and restore main feed se rvice, 
ii practicable; use main or emergency recd 
pumps as :1pproprlate. 

RUPTURE IN HIGH PRESSUR~~ 
DRAIN PIPING 

When damage occurs to sections or the high 
pressure drain system, the first corrective 
step is lo close the bulkhead stops to Isolate the 
damaged sections, U escaping vapor hinders 
operations ln the space, c lose orr the tt·aps ancl 
crack open the funnel and bilge <lralns. To con­
serve water. crack open drains only at points 
in the plpln~ where condensate will tend lo form. 
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If a rupture occurs at a deaeratlng reed tank, 
the high pressure drain valves :11 the entrance 
to the deaerallng feed tank should be closed. 
Whenever the high pressure drainage 11ystem 
cannot be used. drain various units to the low 
pressure drain system as often as needed. In 
somo Instances. all but the vital high pressure 
dra io1 I raps CM be cut out and tlte high pressure 
drain system can be cross-connoctecl. 

RUPTURE IN FUEL OIL HEATER 
DRAIN PIPING 

When battle damage causes a rupture In the 
Iuel oil heater drain pl1>ing, lsol:ue the damaged 
section from the drain system by securing the 
bulkhead stops. Let the isolated section drain 
to the bilges. Plug the drain piping and try lo 
prevent excessi vc loss of water , 

ELECTRICAi- CASUALTIES 

Since e lectrical cai.-ualties affect the normal 
opera1 ion of a ship, It is beneficial to have a 
general knowledge of electrical equipment in­
stalled on board to provide the moxlrnum uninter­
rupted supply of electrical power and lighting. 
When all electric power, ventllatlon, and lights 
go out, It ls too late to ask an Electrician's 
Male what can be done to r estore power . The 
Electr icilm' s Mate wlll be too busy to stop and 
g ive any detailed information as lo whal hap­
pened, wMt can be done to restore electrical 
services, and how long it will take to get things 
back to normal conditions. Therefore, lt is best 
to have 3 general lmowledge of the purpose or 
electric generating plants and their operation 
under various conditions, and or the lyJ>eS or 
casunltlos that will interfere or dls1·upt tho nor­
mal 011eralton or an engineering plant. 

THI; ELECTR l.C PLANT 

Th4> ship's power and lighting plant comp1·ises 
the generators, switchboards. power panels, 
cables, circuit breakers. and other appurte­
nances necessat·y for the generation, dlstriw­
tion, and control of power suppllestoelectrlcally 
drl ven auxiliaries, ligbting, interior communi­
cation , e lectronics equipment, and other elec­
tr ically powered devices . In designing the 
electl'ic plant, every effort has linen made lo 
obtain the gr eatest reliability and continuity or 
service practicable under <:asually conditions. 
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The distribution system forms the vital con­
nection between the generator s and the equip­
ment which uses e lectric power . The distribu­
tion of electrical power is through the ship's 
service or the emergency switchboar ds, and 
may be through a casualty power circuit rigged 
from either of these switchboards. 

Tile general arr angement of the ship's 
service system is such that a faulty circuit will 
be cut out automatically, without interrupt.ion of 
power supply to other circuits, through the op­
eration of protective devices. If the ship's 
service generators fail, the emer gency genera­
tor is automatically placed in operation for battle 
functions. The emergency switchboard can 
supply power to the vital circuits of the ship. 

Protection against loss of power on a ship 
with ship's service, emergency, and casualty 
power distribution systems can be summar ized 
as follows: 

1. FAILURE OF ONE SHIP'S SERVICE GEN­
ERATING PLANT. The loadcanbetransferred, 
by the Electrician's Mate, to the other shi p' s 
service generating plant. Care must be taken 
to prevent overloading the generating plant that 
takes over the load. 

2. CffiCUIT OR S\VITCJiBOARD FAILURE. 
Vital loads can be transferred to an alternate 
feeder and so11r ce of ship' s service power by 
means of a manual or automatic bus transfer 
panel. 

3. FAILURE OF BOTli NORMAL A1''D AL­
TERNATE POWER SUPPLY. Jn cases of this 
nature, certain vital equipment can be shifted 
to an emergency feeder which receives power 
from the emergency switchboard. 

4. FAILURE OF SHIP'S SERVICE AND 
EMERGENCY CIRCUITS. Temporary circuits 
can be rigged with the casualty power cables 
from any live switchboard to supply power to 
vital circuits. 

EMERGENCY POWER SYSTEM 

The emergency power system is provided to 
furnish an immediate, automatic source of e lec­
tric power to a limited number of selected vital 
circuits. It inc ludes one or more Diesel-dri ven 
emergency generators, en1ergency S\vitch­
boar ds, and a distribution system which is 
separate from the ship's service el ect ric plant 
and distribution system. Emer gency feeders 
run from the emergency switchboards to at 
least one and usually to two diiferent ship's 

service switchboards. Emergency powe1· feed­
ers for certain vital auxiliaries are also run to 
control panels. The emergency power system, 
wjth the use of transformers, is a lso used for 
furnishing emergency lighting. 

Whenever practicable, emergency genera­
tors and switchboards are installed above the 
waterline, to mi.nimiz.e danger from !loading. 
Also, the emergency plant is installed as far 
away as p0sslble from the ship' s service plant, 
to avoid both plants being put out of action by 
battle damage. 

On most ships, the emergency generator s 
do not have the same capacity as the ship's 
service plants . Therefore, care must be taken to 
prevent overloading the emer gency generator. 

CASUALTY POWER SYSTEM 

The scope of this system ls limited to I.he 
bar e mimimum of faclllties which are required, 
in the event of damage. lo· keep the ship afloat 
and to get it out of a danger a1·ea, so that tem­
pora1·y e lccti·ical r epairs of a more extensive 
and time-consuming nature can be accomplished. 
'thus, the application of casually power is limited 
to the most vital equipment on board ship. The 
casualty power system r eceives its e lectrical 
p0wer from the following sources: the ship's 
service generating plant; the diesel-driven 
emergency power plant . 

Additional information on casualty power 
svstems can be obtained from chapteJ· 9880 
(SS) of the Bur eau of Ships Technical Manual. 

EMERGENCY FIRE PUMPS 

Most ships have electric- driven fire pumps 
located outside the engineering spaces. These 
pumps furnish water under pressure to their 
own piping system m· to the ship's fircmain. 
Provis ions are made for different sources or 
e lectrical power to these pumps: Normal and 
alternate supply from the ship's service gen­
erators, emergency &-upply from the diesel­
c\l" iven eme rgency gener ators, anc\ the casualty 
power system. 

Many ships, such as battleships, carriers, 
tankers, and tugs, have independent dlesel­
dri ven fire pumps. In case of damage to the 
ship's pumps and firemain, these diesel-driven 
pumps can furni sh large amounts of water for 
fire-fighting purposes. Many of the tugs have 
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diesel- driven pumps and other facilities in­
stalled for fighting fire on other ships, piers, 
and docks. 

LIGHTING SYSTEM 

On ships using a-c generators, the ship's 
service and emergency lighting systems are 
energized from the generator and distribution 
switchboar ds thr ough a bank of transformers. 
These transformers supply power to the light­
ing system through the lighting distribution 
panels. 

Lighting throughout the machiner y spaces 
is supplied from the no•·mal switchboard for the 
compartments involved, with some Ughts In each 
space supplied from the alternate switchboard. 
A !ew lights in each compartment are su1>plied 
through automatic bus transfer equipment from 

circuits originating at the emergency switch­
boards. 

In the event of complete !allure of the Ship' s 
service and emergency lighting systems, auto­
matic type hand lanterns are provided to supply 
an Instantaneous source of Illumination. These 
relay-operated hand lanterns are installed at 
vital stations. In addition, nonautomaUc type 
band lanterns are lnstaUed at strategic loca­
tions . Allhough the Electrlcian's Mates have 
the responsibility for the maintenance of the 
hand battle lanterns, it is the duty of the petty 
officer in charge of the space to see that 
his men do not remove the lanterns or use them 
fo1· unauthorized purposes. If the Electrician's 
Mates do not properly maintain the battle lan­
terns, the petty officer in charge should report 
the fact to the appropriate Electrician's Mate 
or take any other action that may be necessary. 
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Abrasion, waterside, 70 
Acid mixing tank, 45 
1\ir casings, 62 
Air compressors, 411 - 428 

angle air compressors, 411, 4 12 
care and maintenance of, 423-426 
classification, 411 
compressed air receivel'S, 421 
duplex air compressor s , 411, 412 
horizontal ah' compr essors, '111, 412 
i.nspect.ions and tests, 426, 427 
low pressure a ir compressors, 421- 423 
lubrication system, 416, 417, 425, 426 
medium 1>ressure air compr essors, 412 
multistage air compressors, 411, 412 

414- 419 
operat ion of, 423 
pressure classification, 412-414 
reciprocating air compressors, component 

parts of, 415-421 
comp1·essing element, 415 
control systems, 420, 426 
cooling systems, 417 -420, 426 
lubrication system, 416, 417, 425, 426 
operating cycle of, 418, 419 
thin air compressol· valve, 415 
unloading systems, 420 

safety precautions, 428 
unloading device, 421 
use of compressed air, 411 
vertical air compressots, 411, 412 
V-belt dl'ives, 411 

Air conditioning equipment, 395-410 
heating equipment, 405, 406 
maintenance of, 406-410 

cooling equipme11t, 409, 410 
ventilation equipment, 406-409 

mechanical cooling equipment, 398-405, 409 
chilled water circulating systems, 399- 405 
maintenance, 409 
packaged wiit air conditioners, 405 
refrigerant circulating system (vapor 

compression), 399 
ve11tilation equipment, 395-398, 406-·109 

maintenance, 406-409 
Air ejectors, 320-324 

Air ejectors in distilling plants, 340, 352-355 
operation of, 352-355 

Ai1· lancing, 59 
Air registers, fuel oil equipment, 114 
Air registers, furnace equipment, 26 
Alkalinity and pH tests, 130 
Alternating- current 5ynchronou~ transmission, 

435 
Anchor windlasses, 439, 440 
Anchor windlass capstan head, 443 
A11gle air comp!'essors, 411, 412 
Anocle z inc, 356 
Articu lated propulsion reduction gears, 226 
Atomizer barrel i11 clista11ce piece, 63 
Atomizers on naval boiler s, 103 
Auxi l iary condenser, 310 
Auxiliar y equi1>ment, 429- 455 

alternating-current synchronous 
trai1srnlssion, 435 

ancbor windlasses, 439 , 440, 443 
capstans, 443-446 
cranes, 444- 446 
electrohydraulic speed gear, 429, 430 
elevators, 446 - 448 
hydraulic systems, maintenance of, 448-455 

cleanliness, 455 
filter elements, 453-455 
fluid system, 449 
hydraulic en_g·ine cylinder packing. 450 
main and su mp pump oil strainers, 451 
main hydraulic pumps, 452 
main shalt oil seals, 450 
motor shaft o il seals , 450 
piping and fittings, 448 
pumps and molors, 449 

hydraulic; telemotor control , 435-438 
$teering gears and their controls , 430-439 

control systems, 435- 439 
electl'Oh)'draulic steering gear, 430 -432 
electromechanical steering gear, 

433-435 
<>peration of, 430 
steam-driven steering gear, 432 

t;11>es of, 430 
winches, 440- 443 

Auxil iaJ'Y exhaus t piping, rnpture in , 505 
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Auxiliary machinery, reduction gears for, 
225, 233-235 

Auxiliary sleain piping, ruplitre in, 504 
Auxiliaxy stcan1 systen1, arrangement in 

split- plant operalion, 486 
Allxiliary steam lit1'bines, 178, 189-192 
Axial-pislon variable s troke pump, 286 

Babcock & Wilcox f\lel oil burner, 104, 105, 
116 

Baffles, care of, 80 
Baille casualties, 503-505 
Soaring wear micr ometer gage, 210 
Bl1stering, 72 
Blowing tubes, procedures ror , 60 
Boilers, 1-39 

circulation, 4 
classi!icalion of, 4-6 
combustion, principles of, 1 
excess air, effect upon boiler performance, 

3 
l ire and '''ater spaces, 4 
fire1·oorn safety precautions, 38, 39 
furnace arrangement, 5 
in-porl steaming, 36 
lighting off, 16-20 
maintenance, 40-95 
operating pressure , 6 
paralleling, 20-22 
propulsion boilers, 6- 16 

double-furnace bOilers, 8-11 
header-lype bOHer s, 6-8 
new types of, 15, 16 
single-furnace boiler s, 11-15 

terminology, 2,4 
underway operations, 22-38 

automatic control or combustion air, 35 
control of holler pr essure, 35 
eontt·ol of boilers for cross-connected 

operation, 35 
control of combust ion a ir, 26 
control of feed water, 27-35 
conlrol ol fuel oil, 23-26 
e(fect of steam catapult operation, 36 
lower ing superheat fOr astern operation, 

36 
low steam pressure, 35 
rotation in use or boilers, 36 
steady steaming, 23 

Boiler feed pumps, 288 
Boiler pressure parts, casuallies to, 502 
Boilers, maintenance of, 40-95 

ai r casings, 62 
atomizer barrel in distance piece, 63 
blowdowns, 48 
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blowing litbes, 60 
boiler sliding feet, 84 
boiler tubes, inspection, 65 
boiling out boile1·s, 49 
brushes for cleaning tubes, 

42-44 
chemical cleaning, 44- 47 
conditionLng compound, 59 
drums and headers, 61 
drying oul lhe boile r , 59 
firesides, 53-61 
fuel oil burners, 63 
fur nace walls, 78 
hydrostatic t.ests, 94, 95 
internal rulings, 63-65 
uptakes and smokepipes, 63 
watersides, 40-53 

Boilers, schedule Ior cleaning, 41 
Boiler sliding feet, maintenance of, 84 
Boiler water lests, 122-157 

boiler water limits, 131 
cabinet for, 133, 134 
conducti v ily , 148 
contamination, 122 
equipment for, 133 
frequency or, 131 
problems, 123-128 

carryover, 128 
localized pilling, 127, 128 
waterside corros ion, 127 
waterside deposits, 123-127 

types of, 130-153 
alkalinity tests, 134 
chloride conlent , 148-152 
frequency or, 130 
hardness lest, 141-148 
methyl- 1>urple lest, 141 
pH and phosphate tests, 148 
phenol1>hthalein alkalinity test, 134-141 
procedure of, 132 
units !or reporting results, 129 

Boller water trealmeot, 153-157 
blowdown, 157 
che mical treatment of boile1· water, 153 

Boiling out bo ilers , 49 
Bruslles for cleaning )Jo lte r tubes, 43 
Burner fronts, care or, 80 
Burners, fuel oil, 103-108 

Ca1Jstans, 443-446 
Carbonized oil on boiler tube, 124 
Cargo winches, 441 
Carryover, 128 
Casuallies with turbine installations , 
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Casualty control, engineering, 482- 507 
battle casualties, 503-505 
casualty control ttaining, 483 
correction of casualties, 484 
electrical casualties, 505-507 
enginerrom casualties, 486-495 

diesel engine casualties, 493-495 
feed water system, 490, 491 
fireroom casualties, 495-501 
flarebacks, 500 
forced draft blower failure, 500 
fuel oil system casualties, 498 
jammed throttle, 487- 490 
lubricating system, 491- 493 
propulsion and auxiliary machinery, 487 

ll'aillillg' 483 
Centrifugal fans, 395 
Centrifugal pumps, 287-296 
Challer, 93 
Check valves in piping systems, 258 
Chemical cleaning of watersides, 44 
Chilled water circulating systems, 399-4.05 
Chill shocking on a submer ged tube type 

evaporator, 351 
Chloride content of boiler water, testing for, 

149-153 
Chloride test for feed eater, 157 
Circuit failure, 506 
Citric acid, 44 
Combination heater, 405 
Combustion air, control in underway operations, 

26 
Combustion, principles of, 1 
Compressed air, 411- 428 

angle air compressors, 411, 412 
duplex air compressors 
hor izontal air compressors, 411, 412 
me<lium pressure air compressors, 412 
multistage air compressors, 411, 412, 

414-419 
receivers, 421 
reciprocating air compressors, 415-421 
safety precautions, 428 
uses of, 411 
vertical air compressors, 411, 412 

Compression ignition type engine, 456 
Compressor oil, checking, 388-390 
Condensate pumps, 289 
Condenser casualties, 490 
Condensers, 305-320 

maintenance of, 312- 320 
operation of, 308- 312 
safety precautions, 320 

Conditioning compound , 59 
Conducllvity, testing for, 148 

Conti·olled circulation boilers, 5 
Convection heaters, 406 
Cooling equipment, maintenance of, 409 , 410 
Copings, care of, 80 
Copper piping, tepalr of, 256 
Corrosion deposits on boiler equipment, 123 

126, 127 
Corrugation, 72 
Cracks in boilers , 73 
Cranes, 444 
Crater s, 68 
Cranes, 444 
Cruising turbine reduction gears, 240-242 

Oeaerating feed tanks, 324- 328, 490 
casualties, 490 

Descalant solutions, 44, 95 
Oiatomite filter systems, 156 
Die marks, 70 
Diesel engines, 456-458, 493-495 

casualties, 493-495 
Direct- current pilot motor control, 438 
Disk-type fuel o il meter, 99 
Dissolved oxygen test for feed water, 158- 173 
Dist illate cooler, 341, 357 
Distilling plants, 329- 376 

care ai1d maintenance of distilling plants, 
general, 355, 356 

flash type distilling plants, 329, 356 
maintenance, 361-363 
principal parts, 357 

safety precautions, 352 
submerged tube distilling plants, 329-355 

maintenance, 346-355 
operation, 341- 346 
types and components, 333-341 

vapor compression dist illing plants, 
329' 369-376 

cleaning the Model X - 1 unit, 376 
operation of the Model X- 1 unit, 370-376 

ver tical feed basket distilling plants, 
329, 363-369 

flow circuits, 363-369 
operation and maintenance, 369 

Distilling unit log, 376 
Divided-furnace boilers, 5 
Double-effect distilling plant, 329 
Double furnace-boilers, 8-11, 19, 38 

lighting off, 19 
securing, 38 

·Double- r am electrohydraulic steering gear , 431 
Double reduction gear, 226, 227 
Drain pan, 56 
Oraln system, rupture in, 505 
Drums and headers, maintc~nance of, 61 
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Drum-type bollers, 5 
Drying out the boiler , 59 
Duplex air compressors, 411, 412 
Duplex pump, 275 

Electrical casualties, 505-507 
Electric capstan, 443 
Electric-driven tire pumps, 506 
Electric heaters, 406 
Electric wlndlasses, 440 
Elcctrobydraulic anchor windlasse~, 440 
Electrohydraulic 1>0wer planl used to operate 

elevators on alrcrnft carriers, 446 
Elcc:trohydraullc speed gear, 429, 430 
Electrohydraulic steerlng gear, 430-432 
Elect.rohydr aullc winches, 443 
Electromechanlcal s teering gear, 433-435 
Elevator hydr:\ullc systems, 452 
Elevators, 446-448 
Elliot type deaeratlng feed tank, 324 
Emergency feed pump, 279 
Emulsified oil ln filtered condensate, test for, 

168 
En!(l.neerlng casunlly control, 482-507 

battle casualties, 503-505 
casually control training, 483 
correction of casualties, 484 
electrical casualties, 505-507 
engineroom cnsualties, 486-495 

diesel engine casualties, 493-495 
feed water system, 490, 491 
(lrcroom casualties, 495-501 
flnrebacks, 500 
forced draft blower faUurc, 500 
fuel oil system casualties, 498 
jammed throllle, 487-490 
lubricating system, 491-493 
propulsion and auxiliary machinery, 487 

!actors influencing, 482, 483 
familiarity of personnel wllh plant 

operation, 482 
lnlluence o! design, 482 
preventive maintenance, 482 

phase natul'e of cusualty control, 484 
split plant operation, 484-486 

auxiliary steam system, 486 
feed water system, 486 
fuel oil system, 485 
main steam system, 486 

superheater cnsualtles, 501- 503 
Engine, hydraulic, cylinder packing, 450 
Englneroom casuultles, 486-495 

diesel engine casualties, 493-495 
feed water system, 490, 491 
flreroom casualties, 495-501 
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flarebacks, 500 
forced draft blower failure, 500 
fuel oil system casualties, 498 
jammed throttle, 487-490 
lubricating system, 491-493 
propulsion and auxiliary machinery, 487 

Eng:lneroom opcrallng procedures, 192-201 
cruising turbines, 198 
maintaining p1·oper vacuum, 198 
preparations for anchoring and securing, 

200, 201 
preparations for placing plant in readiness 

for getting underway, 193-196 
procedures for standing by, 197 
reducing turbine vibration, 198 
turbine blade clearance, 199 
underway Inspections, 199 
wanning up the main tu1·bines, 196 

Engines, Internal combustion, 456-495 
gas turbine engines, 460-481 

advantages and disadvantages of, 460 
combining reduction gear oil system, 

466 
electrical systems and equipment, 

466-472 
engine control panel, 471 
engine oll system, 466 
fuel Clow diagram, 463-465 
fuel oil system, 462 
gencrntor speed control system, 472-474 
gencrutor unu; 461 
maintenance of, 478-480 
ope1·allon of, 475-477 
safety precautions, 480, 481 
systems and components of a two-stage 

gas lurbine engine, 460-474 
reciprocating engines, 456-459, 493-495 

diesel engines, 456-458, 493-495 
gasoline engines, 458 

Erosion, 314 
Exllausts, 398 

Fans installed in alr conditioning equipment, 
395- 398 

Feed booste1· pumps, 289 
Feed pump casuallles, 497 
Feedwaler preheater, 359 
Feedwater regulators, 32-35 
Feedwatcr system, arrangement in split-plant 

operation, 486 
Feed water system casualties, 490, 491 
Feed water tests, 157-175 

cblorldc test, 157 
dissolved oxygen test, 158-173 
feed waler Umlts, 175 
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Feed waler tests- Continued 
frequency of, 175 
hardness test, 158 
test for emulsified oil in filtered conden-

sate, 168 
Fillets, care or, 80 
Filter systems, dlatomite, 156 
F irebr ick shrinkage, 77 
Firemaln fouled by marine growth, 253 
Fire 1>umps, c111ergency, 506 
Fireroom casualties, 495- 501 
Flreroom safet)' precautions, 38, 39 
Fireside burning, 69 
Firesides, 54-61 

cleaning procedures, 54-59 
inspection or, 61 

Fires, oil, prevention of, 502, 503 
Fire tube boilers, 4 
Fittings, bolle1-, 82 
Fhu·ebacks, 500 
Flash type dlslllling plants, 329, 356, 357 

maintenance, 361-363 
principal parts, 357 

Fuel control governor used on gas turbines, 
465 

FUel oil burners, boiler equipment, 63 
Fuel oil burners, service equipment, 103-108, 

114 
maintenance or, 114-116 

Fuel oil, characteristics or, 108-114 
ash content, 112 
C<llorlllc value, 112 
flash point and lire point, 109 
specific gravity and APl gravity, 109- 112 
viscosity, 108 
water and sediment, 112-114 

FUel oil combustion, chemical reactions, 1 
Fuel oil combustion control in underway 

operations, 23-26 
Fuel oil contamiuation of boiler water, 122 
Fuel oil equipment, 96-121 

air registers, 114 
atomizer barrel, 115 
hydrometers, 111 
maintenance of, 114-118 
safety precautions, 120 
service equipment, 96-108 

burners, 103-108, 114 
heaters, 101, 116-118 
meters, 99-101 
pumps, 96-98 
strainers, 102 
vnlves, 98 

stowage and handling, 118-120 
l!UU(S, 118 

thief samplers, 113 
viscoslmeters, 108-111 

Fuel oil system arrangement in spilt-plant 
operations, 485 

Fuel oil system casualties, 498 
Furnace arrangement, 5 
Furnace walls, repair of, 78 

Gasoline engines, 458 
Gas turbine engines, 460-481 
Geared-turbine drive, 178, 179 
Ge11eratlng plant, ship's service, failure o{, 506 
G-fin fuel oil heater, 101 
Globe valves ui piping systems, 257 
Grooving, 68 

Halide le:tk detector, 385 
Handhole !lttlngs, 82 
Hardness test for boiler water , 141-148 
Har dness test £01· feed water, 158 
Headers and d1·ums, Inspection of, 61 
Header-type boilers, 5- 8 
Heaters, fUel oil, 101, 116-118 

maintenance or, 116-118 
Heat exchangers and related equipment, 305-328 

air ejectors, 320-324 
maintenance .>f, 322- 324 
operation, 322 

condensers, 305-320 
maintenance or, 312-320 
operallon, 308-312 
saCety precautions, 320 

deaeratlng feed tanks, 324-328 
Heating equipment, 405 
Helical gear pump, 297 
Herringbone gear pump, 297 
High pressure boilers, securing, 38 
High pressure drain piping, rupture in, 505 
High-temperature oxide, 126 
High water casualty, 496 
Horizontal al1· compressor s, 411, 412 
Hydr.aulic engine cylinder Jlacklng, r eplacing, 

450 
Hydraulic pumps, maintenance of, 449, 452 
Hydraulic systems, maintenance of, 448-455 

cleanliness, 455 

512 

filter elements, 453-455 
fluid system, 449 
hydraulic engine cylinder packing, 450 
main and sump pump oil strainers, 451 
main hydraulic pumps, 452 
maln shaft oil seals, 450 
motor shalt oil seals, 450 
piping and Hlllngs , 448 
pumps nnd motors, 449 
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Hydraulic telemotor control, 435-438 
Hydrochloric acid, 44, 352 

used In boiler maintenance, « 
used In distilling plant maintenance, 352 

Hydrometers, 111 
Hydrostatic tests, 94, 95 

Impingement erosion, tube dnmar,ed by, 314, 315 
Impure water, 369, 370 
In-pol't slciLming, 36 
lnspectlons 

air compressors, 426 
coollng equipment, 410 
piping systems, 252 
undcrWl\)', 199 
watersides, 52 

Internal combustion engines, 456-481 
gas turbine engines , 460-461 

advantages and disadvantages of, 460 
combining r eduction gear oil system, 466 
electrical systems and equipment, 

466-472 
engine control panel, 471 
engine oil system, 466 
luel now diagram, 463-465 
rue! oil system, 462 
generator speed control system, 472- 474 
generator unit, 461 
maintenance of, 476-460 
operation of, 475-476 
sn!cty precautions, 460, 461 
systems and components of a two-stage 

gus turbine engine , 460- 474 
reciprocating engines, 456-459 

diesel engines, 456- 456 
gasoline engines, 458 

Internal fittings, 63 

Jammed throttle casualties, 487-490 
JerRUBOn truscale remote r eading boiler water 

gage, 29 

Lamination or wall tube, 74 
Lances for cleaning boiler firesides, 54 
Laying up Idle boilers, 50 
Lifting the turbine casing and rotor, 217-220 
Light-hook pay-out device, 446 
Lighting of! boilers, 16- 20 
Lighting system, failure of, 507 
Lithium bromide, 399, 403, 404 

plant, 403, 404 
Lobe-type pump, 297 
Log, distilling unit, 376 
Loop seal, 323 
Low pressure air compresso1·s, 421-423 

Low pressw·e double- effect distilling plant, 363 
Low water casualty , 496 
Low water output, 371 
Lubricating oil failure, 203 
Lubricating system casualties, 491-493 
Lubrication Of diesel engines, 457 
Lubrication of gas turbine engines, 466 
Lubrication of reduction gears, 236 
Lubrication, turbine, 208 

Magnetic type air compressor unloader , 421 
Main air ejector and condenser assembly, 320, 

321 
Main and sump pump oil strainers, cleaning of, 

451 
Main circulating pump in condenser system, 306 
Main circulating pump, turbine-driven, 234 
Main consensale pumps driven by steam tur-

binc.s, 289 
Main condensate .Pumps, r eduction geru·s used 

on, 234 
Main condenser circulating pump, 234 
Main condenser circulating 1>ump turbine, 190, 

192 
Main condensers, 307 
Main feed piping, rupture in, 505 
Main leed pump, 288 
Main hydra•.tlic pumps, maintenance Of, 452 
Main reduction gears, 225- 251 

bearings, 242-248 
cai·e and operation of, 235 
casings, 228 
fo1· auxlllary machinery, 225, 239-235 
lubrication, 236 
main reduction gears, 226-251 
maintenance ol, 238-242 
propellers and main propulsion shafting, 

248-251 
turning gears, 230- 233 
worm gear, 225 

Main srialt oil seals, r eplacement of, 450 
Main steam system, arrangement ln split-plant 

opernllon, 486 
Main steam turbines, 178 
Maintenance 
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air compressor s, 423-426 
air conditioning equipment, 406-410 
air ejectors, 322 
boilers, 40-95 
centrl!Ugal pumps, 291-296 
condensers, 312- 320 
distilling plants, 355, 356 
fuel oil equipment, 114-118 
gas turbine engines, 476 
hydraulic systems, 448-455 
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Maintenance-Continued 
piping systems, 252- 257, 263-267 
piping system valves, 263-267 

reciprocating pumps, 281-286 
reduction gears, 238-242 
refrigeration plants, 382- 393 
rotary pumps, 303 
turbine, 206-224 

Manhole and handhole flttlngs, 82 
Mechanical cooling equipment, 398- 405 
Medium pressure air compressors, 412 
Melted cluster of tubes, 73 
Metal conditioning compound, 59 
Meters, fuel oil, 99-101 
Meters in piping systems, 271 
Methyl- purple test, 141 
Micromhos, 130 
Mlcronic oil filter , 453 
Minerals, 123 
Motor-driven centrifugal pump, 290, 291 
Moving-vane type pump, 299 
Multi- element feed water regulators, 33 
Multistage air compresso1·s, 411, 412, 414-419 

Natural cil·culation boilers, 4 
Naval Ships Systems Command, 41 
Navy boiler compound, 153-156 
Navy special fuel oil, 108 
Nested gearing, 226 
Nitric acid burette , 133-135 

Oil fires, 502 
Oxygen contamination of boiler water, 122 

Packaged unit air conditioners, 405 
Paralleling boilers, 20-22 
Phenolphtalein alkalinity test, 134-141 
Phosphate control treatment of bolter water, 

156 
Phosphate tests, 148 
Piping and fittings, maintenance of, 448 
Piping systems, 252-274 

appliances for, 267-274 
ex1ianslon joints, 271 
meters, 271 
steam traps and drains, 269- 271 
steam whistles, 272- 27 4 
strainers, 268 

care and maintenance, 252- 257 
emergency patch, 256 
flareless fittings, 254 
gaskets, 253 
inspection of sea valves, in dry dock, 266 
marine growth, 253 
piping repairs, 255 

removing foreign matter , 265 
repairing insul ation, 257 
safety precautions, 256 
salt watet systems, 255 
tests and Inspections, 252, 266 

inspection of sea valves in dry dock, 266 
threaded connections, 254 
unions, 254 
valves , 257-267 

Inspection of sea valves in dry dock, 266 
maintenance pf, 263- 265 
remote- control operating gear, 267 
types of, 257- 263 

Pitting, localized, 127 
Plastic patches, 79 
Pneumatic-pressure-controlled reducing 

valve, 260 
Pneumatlc reducing valves in piping systems, 

264 
Pressure-pump governor, 261-263 
Pressure reducing valves in piping systems, 

264 
Pressurized furnace boilers, 15 
Printer type 1403, 315 
Propeller shaft locking device, 232, 234 
P1·opulsion and auxili<\ry machinery casualties, 

487 
Propulsion boilers, 6- 16 
Propulsion reduction gears, 225-251 

bearings, 242-248 
care and operation of, 235 
casings, 228 
for auxiliary machinery, 225, 233-235 
lubrication, 236 
main reductlon gears, 226- 251 
maintenance of, 238-242 
propellers and main propulsion shafting, 

248-251 
tur ning gears, 230-233 
worm gear, 225 

Propuls ion steam turbines, 188 
Pumps, 275- 304 
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centrifugal pumps, 287-296 
maintenance and 1·epair, 291-296 
operation and operating troubles, 290, 291 
safety precautions, 296 
use in naval ser vice , 288-290 

reciprocating pumps, 275-286 
emergency feed pumps, 279 
maintenance and repairs, 281-286 
ope1·ating troubles, 279-281 
safety precautions, 286 
use in naval ser vice, 278, 279 

rotary pumps, 296-304 
helical gear pump, 297 
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Pumps-Continued 
herringbone gear pump, 297 
lobe type pump, 297 
maintenance and repair, 303, 304 
moving-vane type pump, 299, 300 
operating troubles, 301-303 
1·otntlng plunger pumps, 298, 299 
safety precautions, 304 
screw pumps, 297 
simple gear, 296 
use ln naval service, 300 

variable stroke pumps, 286, 287 
Pump failure in tur)llne Installation, 204 
Pumps and motoi·s, hydraulic systems, 

malntenance of, 449 
Pumps, fuel oil service, 96-98 

Q,iadrant type steering gear, 434 

Radial air compressor, 422 
Radial-piston variable stroke pump, 287 
Reamer !or removing expanded tube ends, 317 
Reciprocating air compressors, 415 
RoclprocaUng engines, 456-459 

diesel engines, 456-458 
gasoline engines, 458 

Rectproeallng pumps, 275-286 
Reducing valves in piping systems, 259 
Reduction gears and related equipment, 225-

251 
bearings, 242-248 
care and operation o!, 235-238 
casings, 228 
!or auxiliary machinery, 225, 233-235 
lubrication, 236 
main reduction gears, 226-251 
maintenance or, 238-242 
propellers and main propulsion shafting, 

248-251 
turning gears, 230-233 
worm gear, 225 

Re!r:u:torles, casualties to, 502 
Refractories used in naval boilers, 74-82 
Refrigerant circulating system (vapor com-

pression), 399 
Refrigeration plants, 377-394 

maintenance of, 382-393 
charging the system, 387 
checking compressor oil, 388-390 
crankshaft seal repairs, 390 
defrosting or coollng coils, 382 
pumping down a refrigerant system, 

383 
selling control and safety devices, 391-

393 

testing and renewing compressor dis­
charge and suction valves, 389 

testing for air and noncondensable gases, 
386 

testing for refrigerant leaks, 384-386 
operating p1·ocedu1·es, 379-382 
R-12 refrigeration system, 377-394 
safety precautions, 393, 394 
steam-jet refrigeration system, 377 
vapor compression cycle refrlgcrallon 

system, 378 
Relief valves lnst:tlled on piping l lllltS, 2 59, 265 
Remote-control operating gear In piping sys-

tems, 267 
Right-and-left screw steering geru·, 432, 433 
Rotary pumps, 296-304 
Rotating plunger pumps, 298 

Safety precautions 
air compressors, 428 
boilers, 38 
centrifugal pumps, 296 
diesel engines, 458 
elevators, 448 
fireroom, 38 
fuel oil, 120 
gasolene engines, 459 
gas turbine engines, 480, 481 
piping systems, 256 
reciprocating pumps, 286 
refrigerallon plants, 393, 394 
r otary pumps, 304 
turbines, 224 
waterside work, 48 

Safety valves, boiler, 85-94 
Sallonmeter n.nd sampling pol, 354, 355 
Salt -water heater, 360 
Salt water piping systems, 255 
Saybolt Fu1·01 vlscosimeters, 108-111 
Scab formed ove1· oxygen pit, 127, 128 
Scale, 124-126 
Screw pumps, 297 
Sea valves In dry dock, lnspectlon of, 266 
Sea water contamination of fuel oll, 77 
Sectional header boiler, 7 
Securing boilers, 37, 38 
Shell or torpedo hits, engine and flre1·oom 

casualties from, 504 
ShlJl'S service and emergency clrcults, failure 

of, 506 
Ship's service generator turbine, 191 
Shore water, minerals present In, 123 
Simmer, 93 
Simplex pump, 275 
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Single-lurnace boilers, 11-15, 18, 38 
lighting olf, 18 
securing, 38 

Single-ram eleclrOh)'Clraulic steering gear, 432 
Sludge, 123-125 
Smokepipcs a11d uptak<'!S, maintenance or, 63 
Sodium thiosulfate, use in dissolved oxygen 

t est, 168, 173 
Soloshe ll double effect distllling phtnt , 329, 333 
Soot blowers, 83 
Soot blower method of washing bollcr fire-

sides, 57 
Spark ignition (gasoline) engine, 456 
Split-planl operation, 484- 486 
standing by, procedures for, 197-199 
starch solullon used in dissolved oxygen test, 

168, 172 
Steam capstans, 444 
Steam-driven steering gear, 432, 433 
Steam dl'Ultt safety valve , 85-88 
Steam-jct i·e fl'igcrallon system, 377 
Steam-pressurizing an idle boiler, 51 
Steam traps and drains, in piping systems, 269 
Steam lurbine groupings, 180- 188 
Steam turbine propulsion plants, 178-180 
Steam whistles, 272-274 
steam winches, 441 
Steam windlasses, 440 
Stowage and handling of fuel oil, 118-120 
Strainers, fuel oil, 102 
Strainers In piping lines, 268 
Straine1·s In piping systems, 268 
Stuffing box glands, 318 
Submel'ged lube distilling plants, 329-355 

mainlenance, 346- 355 
operation, 341-346 
types and components, 333-341 

Sulfamlc acid, used in cleaning, 44, 352 
distilling plant equipment, 352 
watersides, 44 

Supercharged l>oilers, 15 
Superheat conlrol boiler, 5 
Supe1'11ealer casualties , 501-503 
Superhcater tube, c;u·ryovc r in, 128, 129 
Switchboard failure, 506 

Tanks, fuel oil, maintenance of, 119 
Tests and lnspcctions for compressed atr 

plants, 426, 427 
Tests and lnspections for piping systems, 252 
Thermal crack, 71 
Thermostatic steam trap in piping systems, 269 
Thief samplers, 113 
Thi n-lipped rupture, 70 
Tool m:u·ks, 69 

Torpedo hits, engineroom and llrcroom 
casualties from, 504 

Training, casualty control, 483 
Triple-eCfcct distilling plant, 329, 335-341 
Tube-nest drain regulator, distilling plant 

equipment, 341, 344 
Tubes, bollo1-, 42-44 

cleaning, 42-44 
inspection of, 165 

Tubes, condenser, 314- 319 
Turbine and locked train double reduction 

gearing, 227 
Turbine casualties, 488 
Tw'bine-driven main circulating pumps, re­

duction gears used on, 234 
Turbine malntenance, 206- 224 

adjustments, 209- 212 
checking rotor balance, 220 
checks 11nct inspections, 206-208, 220 

r otor balance , 220 
dock ll'inls, 223 
gener:tl car e of, 206 
lifting the turbille casing and rotor, 217-220 
lubrication, 208 
nozzle control valve repairs, 215 
1>recautions to prevent entry of foreign 

matter, 208 
proper vacuum, 206 
reassembling a turbine, 220 
renewal of shaft pacl<ing, 216 
safety precautions, 224 
scaling turbine flaJ1ge joints, 221 , 222 
setting over speed trips, 222 
turbine bearing, 212-215 

Turbille operation, 1'18-205 
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anchoring and securing, p1·eparatlons for, 
200 

auxiliary sleam turbines, 189-192 
casualties with turbine installations, 201-

205 
hot bearing, 205 
jammed throttle, 204 
liu·ge loss of oil, 204 
loss of vacuum, 204 
lubricating oil failure, 203 
pump failure, 204 
salting up, 204 
vibration and/ or unusual noise In tur-

bine, 202 
cngineroom operating procedures, 192-197 
propulsion steam turbines, 188 
standing by, procedur es for, 197-199 
steam turbine gr oupings, 180-188 
steam t11rl>lne propulsion plants, 178-180 
underway inspeclions, 199 
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Turbo-electric drive, 179, 180 
Turbogenerator, 310 
Turning gears, 230-233 
'l\vo-shell double effect distilling plant , 329 

333 
Two-stage condensate pump, 289 
Ty11dall light cone test, 168 

Underway inspections, 199 
Underway operations, 22-38 

automatic control of combustion air, 35 
control of boiler pressure, 35 
control of boilers for cross-connected 

oper ation, 35 
control of combustion air , 26 
control of feed water , 27- 35 
control of fuel oil, 23-26 
effect of steam catapult operation, 36 
lov1ering s uperheat for a.stern OJ>eration, 36 
low steam pressure, 35 
r otation in use of boilers, 36 
steady steaming, 23 

Valves, fuel oil service equipment, 98 
Valves, piping system, 257-267 

inspect ion of sea valves in dry dock, 266 
maintenance of, 263-267 
remote- control operating gear , 267 
types of, 257-263 

Vapor compressed distilling plants, 369-376 
cleaning the Model X-1 unit, 376 
operation of the Model X-1 unit, 370- 376 

Vapor compression cycle refrigerntion system, 
378 

Variable stroke pumps, 286, 287 

Ventilation equipment, 395-398, 405-409 
heaters, 405 
maintenance of, 406- 409 

Venturi-type injector, 58 
Vertical air compressors, 411, 412 
Vertical feed basket distilling plants, 329, 

363- 369 
flow circuits, 363- 369 
operation and maintenance, 369 

Vibration and/or unusual noise in turbine, 202 
Viscosimeters , 108- 111 
Volute pump, 287 

Warming up mai n turbines, 196 
Water coolers, 399- 405 
Water gage, 29 
Water gage glasses, 27, 84, 502 

casualties to, 502 
n1aintenaJ1Ce of, 84 

Water1>roof ventilator , 397, 398 
Waterside corrosion, 127 
Watersides, maintenance of, 40-49 
Waterside thinning, 70 
Water treatment chemicals, 123 
Windlasses, electl'ohydraulic anchor, 440 
Worm gear and quadrant type steering gear , 

auxiliary equipment, 434 
Worm gear, reduction gears, 225 

Yarway remote watc1· level indicator, 28 

Zero hardness , 141, 146 
Zinc rods and plates provided in distilling 

plants, 356 
Zincs installed in condensers, 313 
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