CHAPTER 8

PIPING SYSTEMS

Aboard ship the various units of machinery
and equipment are connected by miles of piping.
Each piping system consists of sections of piping
or tubing, fittings for joining the sections, and
valves for controlling the flow of fluid. Most
piping systems also include other fittings and
accessories such asvents, drains, traps, strain-
ers, relief valves, and various gages and instru-
ments, This chapter covers information dealing
with the care of piping systems, piping repairs,
maintenance of valves, and appliances for piping
systemas,

PIPING CARE AND MAINTENANCE

REASONABLE CARE must be given the
various piping assemblies, as well as the ma-
chinery connected by the piping, All joints,
valves, and cocks in the lines must be examined
frequently, and kept tight. The piping on any
ship should not be subjected to strains by being
used for handholds or footholda, by having chain
falls secured to them, 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, stulfing boxes of
flexible bulkhead connections are provided—ifl
expansion bends or other offsets are not pro-
vided in the piping—to take up the movement.
The external surfaces of uncovered and ungal-
vanized steel or iron piping should be kept
properly painted and free of moisture, Copper
and brass piping is seldom painted.

PIPE THREAD LEAKS should be promptly
corrected, Leaky screwed joints which cannotbe
tichtened 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 sourece of trouble with
threaded pipe joints. The proper use and care
of pipe cutters will prevent such pipe troubles
az 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 BuShips Technical Manual,
These teats 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 available for
piping systems and associated equipment, they
should be followed. However, il the manufac-
turer's instructions or manuals are not
available, BuShips Technical Manual should be
referred to for details of piping maintenance,

TESTS AND INSPECTIONS

Maintaining the operational reliability of
ships requires that all piping systems be in
good operating condition; therefore, early de-
tection and correction of piping defects are of
the utmost importance. Fresh water, lube oil,
fuel oil, aviation gas, jet fuel, and refrigerant
gas are critical items-—and any unnecessary
loss of them must be avoided. Early correc-
tion of leaks, such as repair of faulty seats and
disks, will reduce the amount of work, time,
and material required for repairs. The fol-
lowing items are of extreme importaince for
the proper operation of wvalves and piping
gystems,

1. Piping systems should be inspected at
regular intervals in order to detect and cor-
rect leaks as soon as they develop.

2. BuShips Technical Manual and the manu-
facturer’s technical manuals for component
systems should be referred to for specific in-
formation on a particular piping system or
component,
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3. If specific instructions are not avajlable,
all piping in an operating status aboard ship
should be tested quarterly under full working
pressure. In addition, a periodie hvdrostatic
test of 150 percent of the systemdesigned pres-
sure shall be applied to piping. The period be-
tween tests shall not exceed 2 maximum of 5
years; the test should be conducted prior to or
during a scheduled major overhaul on the
ship.

4. On ships in the reserve (leet, all piping
not in use shall be kept thoroughly drained and
should not be put under pressure [or test pur-
poses,

5. Drain holes which are provided in some
systems to permit continuous drainage, should
be checked periodically to guard against their
becoming plugged with dirt or other foreign
matter,

6. Before pressurizing any portion of a
piping system for operation or for test pur-
poses, operate all valves except those which
would pressurize the system [rom another
source,

T. 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 condenser are to be particularly guarded
against,

8. SBudden stoppage or changes in the flow,
veloeity, or direction of liguids in piping will
generate high pressure (water ram) and may
possibly damapge equipment. Pumps should not
be started when the discharge valve is open to
a closed piping system, since the air present
will be compressed and could result in damage
to equipment.

8. Sudden temperature changes in a piping
system can cause uneven contraction and ex-
pansion and can develop stresses which may
cause material damage or failure. Excessive
temperature changes are the primary cause of
gasket failure,

MARINE GROWTH

Rapid fouling of the firemains has been ex-
perienced on many ships, especially ships
operating in tropical waters. Fipgure 8-1 illus-
trates a firemain fouled by marine growth.
To minimize fouling of the firemain and to
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prevent valves from being stuck open or closed,
the following procedure is recommended:

l. Once each quarter, (lush the liremain
under full pressure. High velocity flow must
be used to remove marine growth. The fire-
main system may be lined up to direct the flow
of water from more than one pump in one end
of the ship, through a section of the system,
while discharging through an adequate number
of weather deck fireplugs. This procedure 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 acid cleaning of
firemain piping to remove scale and marine
growth, This type cleaning can be accomplished
by a naval shipvard or by an approved con-
tractor. Acid cleaning is satisfactory and is
economical because it ean be done without
dismantling the piping,

GASKETS

It is possible to achieve a tight seal be-
tween flanges of a flanged joint; however, this
requires perfect mating of machined or ground

B.72
Figure 8-1, =Firemain fouled by marine growth,
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surfaces, Hence this method is costly, im-
practical, and generally unsatisfactory. To
eliminate the necessity 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 to yield,
or flow into the grooves or irregularities onthe
joint-contact surfaces,

For any flange, the type of gasket to be used
will depend on several considerations: opera-
ting conditions, operating pressures, and me-
chanical features (bolting, shape of flange) 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 trouble experienced with leaky
joints in piping is due to poor alignment or to
improper allowance [or expansion. Either of
these [aults will throw exeessive strain on
joints. When the joints do not line up, the pip-
ing should be realigned so that the flanges or
unions meet properly without being loreed. In
aligning piping, you must check the pipe sup-
ports adjacent to the joint to be made up fo
determine that the hangers are properly sup-
porting the line. Correcting improper hanger
gupport can be accomplished by loogening up on
the supports and then adjusting them to carry
their share of the load. In some instances, it
may be necessary to reface the flanges, The
piping sections must be in alignment so that the
flanpe holts can be inserted freely without
forcing either the bolts or piping.

The most praetical 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
mugt be cut slightly larger than the bolis so
that any tendency for the gasket to bulpe along
the bolt circle is eliminated. 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 or 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-
aeizge compound.

The [lirst time a remade joint is put under
pressure, it should be carefully inspected. If

264

any sign of leakage is evident, all bolts should
be tiphtened in small inerements. If leakage
continues alter a new gasket has been used, an
investipation 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 threaded con-
nections iz not permitted in piping systems,
except in a few special cases,

UNIONS

Unions are designed to seal against leakage
under operating conditions; they have a ground
joint, metal-to-metal surface, or for high pres-
sure air and oxygen service, they have an
O-ring =seal, The threaded union nut is re-
quired only to furnish mechanical strength for
the joint, and does not have any of the fluid in
the line acting on it. With a union joint, there
iz no reduction in pipe-wall thickness as there
ig with a threaded pipe joint.

When installing new lines of silver-brazed
piping, not over 2 inches in diameter, sufficient
union fittings and union [itting valves should be
installed to facilitate repairs or alterations,
Union joints may become loose due tovibration,
and they should be checled for leakage at regu-
lar intervals,

FLARELESS FITTINGS

Flarcless {ittings (fiz. 8-2) are suitable
for use in hydraulic service and air service at
a maximum operating pressure of 3000 psi and
250°F. Flareless fittings are installed where
their use will conserve space, reduce welght,
and reduce installation time and system elean-
ing time. Flareless [ittings should not he used
where there is insufficient space for proper
tightening of the nuts, or where any equipment
or piping must be removed for access to the
fittings, One exception to this rule is a gage-
board that is designed so that it may be re-
moved as a unit for repairs or alterations,
Flareless {ittings should not be used where
piping cannot be deflected easily to permit as-
sembly and disassembly,
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SLEEVE OR NCRRULE

96.34
Figure 8-2, —Typical flareless {itting.

Before assembly, the tubing end must be
square, concentrie, and (ree of burrs, In order
for the fitting to be effective, the cutting edge
of the sleeve or lerrule must bite into the
periphery of the tube; this is accomplished by
presetting the ferrule on the tube using either
the fitting body intended for installation, or a
presetting tool which has the same dimensions
as the [itting body, and which is obtained from
the manufacturer. The mamulacturer’s instruc-
tions should be referred tofor the proper method
of fitting and inatalling [lareless [ittings,

CARE OF SALT WATER SYSTEMS

Cast fron spools have given satisfactory
gervice and protection against corrosion of
tinned or bare copperandbrasstubing; however,
such spools have proved too vulnerable to shock
and are not approved for service aboard com-
batant ships. These spools, as well as the zine
bhoxes formerly found in piping systems, have
been completely eliminated. A spool of copper
por bragg, with a steel or iron waste sleeve
inserted, may be used. The waste sleeve gives
the same protection against galvanie corrosion
as would be oblained {rom the use of cast iron
spools, and also provides a source of waste
material which is not a strength member of
the piping system,

Piping 10 inches in size and smaller, used for
salt-water service, should be of copper-nickel
alloy tubing. Where bends are necessary they
should be made by cold bending. Brazed tube
[ittinga are used with this tubing,

All tubing for salt-water service piping ahove
10 inches in size should be of copper. This
tubing should be coated on the inside with wiping
solder, grade . Thisapplication should be made
after all forming and fabricating operations have
been completed. Both the inside and the outside
of the tube must be cleaned thoroughly beiore
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the solder coatisapplied. Particular care should
be taken to ensure that the solder coat is of
uniform thickness and that there is positive
adhesion between the solder and the tube in the
vieinity of the bends, branches, and irregular
shapes, Sultable holes may be eut in the piping
at convenient locations to provide access for the
necessary tools. These openings should be patch-
ed, subsequently, and the solder coat made intact
with a Mush surface on the inside.

In ferrous and nonferrous piping systems, re-
placement should be made in Kind; that is, using
the same material and protective coating as
found in the remainder of the system, with the
following exceptions:

1. When maintenance work becomes
excessive on wrought iron piping in flushing
systems, replacements may be made with cop-
per-nickel tubing.

2. Replacements of machinery salt-water
service piping, 2 inches and smaller, may be
made with copper-nickel tubing when matn-
tenance becomes excessive,

3. Individual sections of salt-water piping
may be replaced with copper-nickel tubing, by
repair ships or tenders, when specifically
authorized by the force commander.

The life of SALT WATER PIPING may be
lengthened by operating the svstems with mini-
mum practical water velocities; by eliminating
grounds [rom electrical systems, especiallyd-c
circuits: by eliminating air from the salt water
systems; by promptly correcting any leaks; by
insulating with sheet rubber the hangers which
support piping other than that made of wrought
iron or steel: and by eliminating wire-drawing,
by [ully opening valves where throttling is
unnecessary,

PIPING REPAIRS

Most naval ships have all-welded main
steam and feed piping, Welding-neck flanges
with broad raised faces are used in this type
of installation. A lap joint nipple is often used
with smaller piping, The flange on a lap joint
nipple swivels freely, facilitating lining up,
Slip=om {langes are used with small piping
involving low pressures and temperatures.
These [langes are usually fillet-welded,

Brass [ittings and walves suitable for naval
piping are often supplied with a silver brazing
alloy ingert in the open end, When used with
copper-nickal alloys and brass or copper pipes,
the recessed openings are bored within close
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tolerances to maintain predetermined clear-
ances, Thesze tolerances provide a small clear-
ance area between the pipe and the fitting which
will be entirely filled with silver brazing alloy
upon completion of the hrazed joint,

Slip-on brass fittings not provided withalloy
inserts or threads are brazed to nonferrous
pipe with the stick feed method, The operator
must be skillful in manipulating the torch {lame
to ensure that the heat is applied at the proper
point to cause the alloy to flow from the cooler
to the hotter sections.

Temporary Repairs

Temporary Repairs may be made by simply
securving a patch over the leak, The material
used for the pateh depends upon the purpose
for which the piping is used. A good general
rule is to make the patch from the same
material that is used for flange gaskets in the
piping, The patch is backed up with a plece of
sheet metal and secured to the piping with
bolted metal band clamps.

Red lead putty wrapped with canvas and
served with marlin or friction tape makes an
excellent, easily applied patch for low-pressure
salt-water piping. A small leak in this type of
piping often may be stopped by driving in a soft
pine plug. The molsture will cause the wood to
swell and remain in place.

Portland cement patches can be castinplace
and gecured by the band method. Iron cement
can be used effectively on iron or ateel piping
carrying low pressures,

Figure B8-3 shows the details of a soft-pateh
device which can speedily be applied to remedya
defect in practically any size of piping tobe re-
paired. This device has been tested on various
piping sizes and has successfully withstood pres-
sures up fo 300 psi.

Semipermanent Repairs

Bemipermanent repairs of leaky piping sec-
tions may be accomplished by serving the
piping with wire drawn on tightly, soldering or
brazing it as it is applied. Several layers of
wire securely bonded provide a strong, tight
repair,

A casting of soft metal may be formed
arcund the piping. The seetion of piping should
be removed and the leaks stopped with soft
solder. The piping should be placed in a ver-
tical position and filled with water above the
level of the leaks. A& sheet metal mold made

tight with fire c¢lay should be placed com-
pletely around the piping at the leaks, and a
molten mixture of available soft metals (lead,
babbitt, or zinc) poured into the mold. The
piping must be filled with water to prevent
expansion when heated by the casting, and
then pulling awayv from the casting when con-
tracting during cooling.

Reshaping Dented Copper Piping

Copper piping sections that have been badly
twisted or mangled may be brought back to nor-
mal roundness and shape by the following pro-
eedure! First, weld or rough pateh all breaks or
eracks and ammeal the complete section. Then
mount the piping on supports and close the ends
with blank flanges. Fill the piping with water
under pressure of 100 to 800 psi. While the piping
is under pressuare rough outthe high spots with a
mallet or forming hammer until the rounded or
finished state has been achieved. This method
may also be used on large seamed piping.

PIPING SAFETY PRECAUTIONS

The [ollowing safety precauntions should be
taken whenever you work on steam or hot water
lines.

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

2. Before opening large steam valves, open
bypasses to warm lines and equalize pressures;
if bypasses are lacking, “‘crack’ the valves.

T ETTTE T
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150.2
Figure 8-3,—5oft patch for emergency
repair of leaking piping.
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3. Open trap bypasses whenadmitting steam
to piping.

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

{a) There is no pressure on the line.

(b) The valves cutting pressure off the
part of the line undergoing repair are secured
in such a manner that they cannot be accident-
ally opened.

(¢) The line is completely drained.

(@) Two of the flange-securing nuts (dia-
metrically opposite if possible) remain in place
while the others are being removed. The two
remaining nuts should thenbe slacked sufficient-
ly to allow breaking the joint. If the line is
clear, all the nuts may be removed. This pre-
caution is necessary to prevent accidents such
a8 scalding personnel or flooding compartments,

6. After remaking a steam joint, tighten up
on the nuts according to prescribed methods,

6. Do not use piping for handholds or foot-
holds,

T. 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 of
the ship’s structure.

8. Take all appropriate precautions to pre-
vent fire and explosion when cutting into lines
or breaking joints in systems that have con-
tained (lammable fluids,

REPAIRING INSULATION

Piping, machinery, and associated equip-
ment should be inspected periodically for slgns
of broken, loose, or damaged insulation, The
insulating materials to be used and the methods
of application vary according to the service
requirements. The following information con-
ecerning the application and maintenance of
insulation is general innature; for more specific
details, see chapter 9390 (39), Bureau of Ships
Technical Manual,

When replacing insulation after making re-
pairs to a piping system, use the same kind of
insulation that was used in the original Instal-
lation,

Insulate all flanges and fittings with forms ol
insulation that are easily removable.

Fill and seal all air pockets and cracks in
insulating material. Insulating cement is gen-
erally used for this purpose.

Seal the ends of insulation and taper them
off to make smooth, airtight joints. At joint
ends and at other places where insulation is
likely to be damaged, use sheet metal lagging.
(NOTE: Lagging serves to protect the piping
and personnel [rom warm lines and acts as an
insulation for that piping.)

Do not allow insulation or lagging to become
damp. Moisture reduces the effectiveness of
insulating material and may cause it to de-
teriorate,

VALVES

Valves are usually made ol bronze, brass,
cast or malleable iron, or steel, Steel valvesare
either cast or forged, and are made of either
plain steel or alloy steel. Alloy steel valvesare
used in high-pressure, high-temperature sys-
tems; the disks and seats of these valves are
usually surfaced with a chromium-cobalt alloy
known as Stellite. This material is extremely
hard.

Brass and bronze valves are never used
where temperature exceeds 550°F, Steel valves
are used for all services above 550°F, and in
lower-temperature systems where internal
or external conditions of high pressure, vi-
bration, or shock would be too severe for
valvea made of brass or iron, Bronze valves
are used almost exclusively insystems carrying
galt-water, The seats and disks of these valves
are usually made of Monel, 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 stop valve. The disk, which I8 attached
to the valve stem, seatsagainsta ringor seating
surface and thus shuts off the flowof fluid. When
the disk is raised, fluid can pass through the
valve. Globe valves may be used partially opened
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
requirement of flow. In the straight type, the
fluid inlet and outlet openings are in line with
each other. In the angle-type, the inlet and outlet
openings areat anangle to each other, Angle-type
globe valves are most commonlyused where it is
necessary lo make a 90° turn in a line. The
cross-type of globe valve has three openings. It
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is frequently used in connection with bypass
piping.

Globe wvalves may be installed so that the
pressure is either above or below the disk.
Figure 8-4 (A and B) shows pressure and tem-
perature above the disk, and pressure under the
disk. The method of installation is governed, in
each case, by consideration of the service
condition, Globe wvalves must be i{nstalled as
specified on the appropriate blusprint,

Gate valves are used when a straight-line
flow of fluid is desired. These valves operate
on some what the same principle as globe
valves, but have a wedge-shaped gate instead of
a disk. Gate valves should never be used as
throttling valves, since the flow of fluid against
a partially opened gate can cause extensive
damage to the valve.

The body of a plug valve is shaped like a
hollow cylinder, Holes or ports in the cylinder
wall line up with the pipe in which the valve is
mounted, A solid cylindrical plug or, in some
cases, 4 plug shaped like a truncated cone, fits
smugly inthe hollow eylinder, The plug is attached
to a handle, with which the plug can be turned
within the cylinder. A passage is bored through
the plug, When the valve is in the open position,
the passage in the plug lines up with the inlet
and outlet port of the hollow eylinder, and fluid
is thus permitted to flow through the valve,
When the plug is turned crosswise In the eyl-
inder, the solid part of the plug blocks the port
and stops the flow of liquid. Three- and four-
way cocks which allow selection of 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 of a gate valve and
a plug valve. The piston valve consists essential-
ly of a cylindrical piston operating in a hollow
cylinder. The piston is attached to the valve

stem, and the valve stem is aitached to a hand-
wheel, When the handwheel is turned, the piston
ig raised or lowered within the hollow cvlinder,
The hollow cylinder has ports in its wall, When
the piston is raised, the poris are uncovered and
the fluid is allowed to pass through the valve,

The tightness of this type of valve depends
on the cleseness of the (it betweenthe platon and
the inside of the eylinder. Some piston valves
have metal rings on the piston; other types have
fiber rings either on the piston or in the wall of
the hollow cylinder. The fiber ring can be com-
pressed by an external take-up device, so that it
expands and thus prevents leakage.

Needle valves are stop valves that are used
for making relatively fine adjustments in the
amount of fluid allowed to pass throughanopen-
ing. A needle valve has a point witha long taper
at the end of the valve stem, This needle acts as
a disk. The longer part of the needle is smaller
than the orifice in the valve zeat, and therefore
passes through it before the needle seats. This
arrangement permits a very gradual increase or
decrease In the size of the opening, and thus
allows more precise control of flow than can
be oblained with an ordinary globe walve.

Check wvalves are used where it is neces-
sary to permit [luid to flow in only one direc-
tion. A check valve opens when the pressure
on the inlet side is greater than the pressure
on the outlet side, and ecloses when the pres-
sure on the inlet side is less than the pres-
sure on the outlet side. Check valves usually
open and close automatically although they
may sometimes have a handle or a handwheel
which may be used to lock the valve ina
closed position or to limit the size of the
valve opening.

Some valves lunction either as stopvalvesor
as check valves, depending upon the position of

150.3

Figure 8-4, —(A) Pressure and temperature above the disk. (B) Pressure under the disk.
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tie valve stem. These valves are knownas stop-
check valves, The valve stem is long enough, in
a stop-check valve, so that when it is screwed
all the way down it holds the disk firmly
against the seat, thus preventing any flow of
fluid. In this positlon, the walve acts as a stop
valve, When the stem iz raised, the disk can
he opened by pressure on the inlet side, In this
position the wvalve acts as a check valve to
allow the flow of fluid in only one direction. The
amount of the opening is controlled by the position
of the valve stem, and the amount of fluid allowed
to pass through the valve is thereby regulated.

Belief valves are spring-loaded valves which
may be set to open ata predetermined pressure,

Reducting valves are automatic valves which
are uszed to provide a steady pressure lower than
the supplied pressure, Reducing valves are used

LOCKNUT
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on pland seal lines, galley steam lines, heating
gystem lines, and on many other reduced pres-
gure lines, A reducing valve ¢an be set for any
desired discharge pressure within the limit of
the design of the valve, After the valve is set,
the reduced pressure will be maintained regard-
less of changes in the supply pregsure (as long
ag the supply pressure is at least ashigh as the
desired delivery pressure} and regardless of the
amount of reduced pressure steam that is used.
Two general typesof reducing valves are incom-
mon use: the spring-loaded reducing valve, and
the pneumatic-pressure controlled (or gas-
loaded) reducing valve,

The principal parts of a spring-loaded re-
ducing valve (fig. 8-53) are (1) the mainvalve, an
upward-seating valve which has a piston on top
of its valve stem; (2) anupward-seating auxiliary
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Figure 8-5.—Spring-loaded reducing valve, showing fluid [low.
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{or controlling) valve; (3) a controlling dia-
phragm; and (4] an adjusting spring.

High-pressure steam enters the valve onthe
inlet side and acts against the main valve disk,
tending to close the main valve. However, high-
pressure steam is also led through a portto the
auxiliary wvalve which controls the admission of
high-pressure steam to the top of the mainvalve
piston. The piston has a larger surface area than
the main valve disk; therefore, a relatively small
amount of high-pressure steam acting onthe top
of the main valve piston will tend to open the
main valve and allow steam at reduced pressure
to flow out the discharge side.

The controlling diaphragm transmitsa pres-
sure downward upon the auxiliary valve stem and
thus tends to open the valve. However, reduced
pressure steam s led back to the chamber be-
neath the diaphragm; this steam exerts a pres-
sure upward on the diaphragm which tends to
close the auxiliary wvalve. The position of the
auxiliary valve, therefore, is determined by the
position of the controlling diaphragm.

The position of the diaphragm at any given
moment is determined by the relative strength of
two opposing forces: (1) the downward [orce ex-
erted by the adjusting spring: and (2) the upward
foree which is exerted on the underside of the
diaphragm by the reduced pressure steam. These
two forces are continually seeking a state of bal-
ance; because of this, the discharge pressure of
the steam is kept constant aslong as the demand
for reduced steamused is kept within the capacity
of the valve.

Figure B-6 shows the construction and indi-
cates the manner ol operation of a pneumatic-
pressure-controlled reducing valve. A rubber
diaphragm is installed in the middle of the dome,
The bottom of the diaphragm is separated from
the bottom half of the dome by a flixed-seal plate.
The area immediately above the diaphragm com-
municates with the upper part of the dome through
holes in the shrouding. The upper hali of the
dome carries a level of water for sealing; the
lower half of the dome carries a level of glye-
erine for gealing. The area above the glycerine is
charged with air which exerts adownward pres-
sure on the glycerine and forces some of it to go
up the tube toward the diaphragm, This pressure
causes the diaphragm to move upward, and since
the steam of the valve s incontact with the dia-
phragm, the upward movement of the diaphragm
causes the valve to open, When the valve is open,
steam can pass through.

Fraom the vutlet eonnection, an actuating line
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leads back to the upper part of the dome, in the
manner shown in figure 8-6. Steam at the re-
duced pressure is thus allowed to exerta force on
the top of the water seal; this force is transmitted
through the water and tends to move the dia-
phragm downward. When the pressure of steam
from the actuating line exceeds the loading air
pressure in the lower half of the dome, the dia-
phragm moves dovnward sufficiently to close the
valve, The closing of the valve reduces the pres-
sure of the steam on the discharge side of the
valve. When the pressure on the outlet side of
the valve is equaltotheair pressure in the lower
half of the dome, the valve takes a balanced posi-
tion which allows the passage of sufficient steam
to maintain that pressure.

If the steam load increases, tending to take
more steam away from the valve, the outlet
pressure will be momentarily reduced, Thus, the
pressure of steam on top of the diaphragm be-
comes less than the pressure of air below the
diaphragm, and the valve then opens wider to
restore the outlet pressure to normal. If the
load is reduced, it causes a momentary in-
crease in outlet pressure, apd this in turn

VALVE GUIDE

VALVE DiER

WATER SEAL

FILLING PLUS NCTIRATING

LINE

CONDEMSAT iON
CHAMBL®
PSTCaMm )

1 ,. Sy,
BLEEDER WALVE GHEGK VALVE

GLYCERINE BEAL ﬁIERHEl AND PUMP CONNECTION

FILLING PLUG

11,323
Figure 8-6, —Pneumatic-pressure-con-
trolled reducing valve,
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increases the pressure on top of the diaphragm
above that of the air pressure below it, causing
the diaphragm to be displaced downward. The
outlet pressure is again restored.

Thus, theoretically, the valve should deliver
a steam pressure equil to the air pressure
pumped into the lower half of the dome, How-
ever, since the valve itsell has weipht and is
equipped with a light spring which tendsto ¢loge
the valve, it is necessary to introduce slightly
more air pressure than is theoretically required,
For the higher pressure valve, about 10 psi
additional air pressure (5 required. If air is
pumped in when the valve is cold, slightly less
air pressure will be needed becnuse the air pres-
sure will increase slightly when the valve is
warmed up.

The copper shroud extending outside the doms
from the center flange appears only onthe high-
pressure valve. It is installed to allow for trans-
mission of heat from the upper half of the dome
to the atmosphere and to keep heat from passing
into the lower half, where it may cause an
excessive rise in the air pressure,

When the reducing valve is being put into op-
eration, the dischaprge valve should be opened
first., Then if the proper air pressure is in the
dome, the inlet walve should be opened slowly,
allowing the wvalve to heat up, The valve in the
actuating line must be opened, It will be difficult
to pet these valves onthe line unless some steam
is being bled away from the discharge. It is
desirable to have some steam leaving the valve
when cutting it in.

Constant-pressure pump pgovernors operate
on much the same principle as spring-loaded
reducing valves. There is, however, one impor-
tant difference between the pump governor and
the regular reducingvalve, Inthe reducing valve,
the reduced-pressure steam on the discharge
side iz used to exert an upward pressure on the
diaphrargm and o0 maintains a constant reduced
pressure in the discharge line. In the constant-
pressure pump governor, the discharge pressure
of the pumyp (rather than the discharge pressure
of the steam)] performs this funetion, The pamp
discharge pressure i8 therefore kept constant,
beeause this pressure regulates the flow of
steam to the pump turbine, It is important to
note that the pressure of the steam on the dis-
charge side of the governor is not constant, but
varies as necessary to keep the pump discharge
pressure constant.

A constant-pressure pump governor for a
lubricating oil service pump is shown in figure

B8-7. The pgovernors used on fuel oil service
pumps and on main feed pumps are of the same
fype, except thal the size of the upper diaphragm
and the amount of spring tension differ ongover-
nors used for different services,

The adjusting spring exerts pressure down-
ward on the upper diaphragm through a cross-
head and mushroom arrvangement, When there i
no pump digcharge pressure, the spring forces
the upper diaphrapm and the upper erosshead
down. A pair of rods connects the upper cross-
head with the lower crosshead so that the lower
crosshead is moved down with the upper. When
this happens, the lower diaphragm is pressed
downward by the lower mushroom and the aux-
iliary valve disk is forced open. The auxiliary
valve is always supplied with steam from the
inlet side of the governor, and when the auxiliary
valve is open, steam passes through a port to
the top of the operating piston, The steampres-
sure on the top of the operating piston forces it
downward and opens the main valve, thereby ad-
mitting more steam to the pump and increasing
the speed of the turbine,

The increased speed of the turbine is re-
flected in an increased discharge pressure from
the pump. This pressure i exerted against the
underside of the upper diaphragm through an
actuating line, When the force below the dia-
phragm is greater than the force represented by
the tension of the adjusting spring, the diaphragm
is forced upward. This causes a reductioninthe
size of the auxiliary valve opening and allows
a spring to start closing the main valve against
the now reduced pressure on the operating piston.
Wien the main valve starts to close, the steam
supply to the turbime ¢ reduced, the pump
is slowed, and the discharge pressure is de-
creased.

Steam from the main valve outlet is led
through ports to chambers above and below the
sealing diaphragm. A needle valve and a surge
chamber are used to delay and minimize the
effects of the mainvalve outlet pressure changes
upon the pressure above the sealing diaphragm,
thus serving to dampen excessive reactions of
the auxiliary walve to variations in pump dis-
charge pressure,

With the unit under constant-load conditions,
the operating piston takes o position wiich holds
the main valve open by the required amount, A
change in load conditions results in momentary
hunting by the governor, until it finds the new
position required to maintaln pressure at the
new load,
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Figure B-7. —Constant-pressure pump governor,

Two adjustments are required on the con-
stant-pressure pump governor: (1) the adjusting
screw must be set to regulate the discharge
pressure of the pump; and {2} the needle valve
must be set to minimize hunting. The adjustments
of the needle wvalve should be made while the
pump is operating under a light load ot normal
discharge pressure,

262

The constant-pressure pump governor may
be set for either automatic control or manual
control. Under normal operating conditions, the
automatic setting is used. When it is desired to
control the pump manually, the valve stem below
the main valve mustbe setto hold the main valve
fully epen, In this postion, the valve allowsa [ull
flow of steam to the turbine, and control of
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turbine speed must, therefore, be achieved by
meang of hand throttling.

MAINTENANCE OF VALVES

Valves, like other units of equipment, re-
quire proper care and maintenance, Valve
troubles should be corrected as soon as pos-
sible,

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

1. Foreign substances (scale, dirt, waste,
or heavy grease) are lodged on the seat in such
a way that the disk cannot be seated. If the ob-
structing material cannot be blown through, the
valve will have to be opened and cleaned out,

2. Scoring of the seat or disk has been
caused by attempts to close the valve on scale
or dirt, or by corrosion. If the damage is
slight, the valve may be made tight by grinding
the disk together with the seat; if the damage
is extensive, a cut will have to be made on the
disk, and the valve seat ring may have to be
renewed before it is ground.

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 purpose for which it is used, causing
distortion of the valve seat or disk under pres-
sure.

5. In bronze valves fitted with seat rings,
leakage through the valve may occur as the re-
sult of leakage arcund the threads of the seat
rings. To correct this defect, remove the seat
rings, clean the threads, 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
stem, the cause is either failure of the secur-
ing device or corrosion through the stem., The
firat cause i3 infrequent in valves of good con-
struction, and recurrence of the failure can be
prevented by minor adjustments or by greater
care in reassembling valve parts.

Corrosion of the valve stems occurs mostly
to wvalves installed in salt water lines, Stems
which have shown signs of corrosion should be
inspected periodically so that replacement can
be made before [ailure occurs. Replacements
should be made with rolled Monel-metal sfems.
In order to prevent failure caused by corrosion,
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split ping used in valve disks in the waterlines
should be of nickel-copper alloy instead of
iron, steel, or brass.

When a valve is disassembled for repairs,
there are several steps that must be faken to
ensure that the valve will be in proper condi-
tion when it is reassembled,

During disassembly every precaution should
be taken to prevent damage to gasket surfaces
and each part of the valve. When the wvalve is
disassembled, all parts should be thoroughly
cleaned and inspected for excessive wear,
Seating surfaces should be inspected to deter-
mine whether lapping, grinding, or machining
is required to restore them to a tight lit, Gas-
ket surfaces may be corroded or steam cut,
The stem must be carefully checked (1) for
straightness, (2) where the packing fits, and
(3) at the threaded section.

If the seating surface has become badly cor-
roded or is so deeply deored that excessive
lapping would be required to remove the dam-
aged areas, machining will be necessary. A
reseating machine may be used. The proper
size cutter must be used in the reseating ma-
chine and light cuts must be taken until the
damaged areas are removed. If the seating
surface is made from a metal that is too hard
for a reseating machine to cut, the work will
have to be done in a lathe,

After the machining is completed, the seat
should be lapped to ensure that it will have the
smoothest possible finish, The lap must be of
the exact same size and shape as the valve
disk so0 that the wvalve seating surface will be
true. For more information on lapping valve
seating surfaces, refer to the manufacturer’s
technical manual for the specific unit,

An inspection should be made of the disk
seating surface to determine whether lappingor
machihing will be required for reconditioning.
If machining is required, light cuts should be
taken until the damaged areas are removed, If
excessive wear or severe pitting has taken
place, the machining required to remove the
damage may be extensive enough to warrant
installing a new disk.

Reassemble the valve using new gaskets and
packing. Be sure that all parts move [reely as
assembly progresses, Do not tighten the pack-
ing nut more than is neeessary to prevent ex-
cessive leakage,

In any instance where new parts are re-
quired for a valve, the material must be the
same a8 was in the original parts,
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Pressure Reducing Valves

There are several types of pressure re-
ducing valves installed on Navy ships, The most
common  types are the pneumatic reducing
valves and the spring-loaded reducing wvalves,
Some of the maintenance procedures for these
valves arediscussed inthe following paragraphs.

PHEUMATIC REDUCING VALVES.—The
most probable causes of erratic 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
loading pressure is easily remedied by increas-
ing or decreasing the pressure of the gas or air
to maintain the proper outlet pressure.

If the cause of improper operation is the
presence of dirt or other foreign matter, the
only remedy is to disassemble the valve and
clean all parts, The valve may be disassembled
in place, or removed from the piping and dis-
assembled. When the wvalve is disassembled,
clean all parts with an approved solvent and a
bristle brush or goft eloth, 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 mav be cleaned by scrap-
ing with a sharp tool; extreme caution isneces-
sary to prevent damage to the surface linishes.
Particular attention must 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 surfaces of the disk and
geat ring and the joint between the seat ring
and the body. If leakage occurs at these points
the valve will not operate properly. A ecareful
inspection must be made of these surfaces and
if leakapge is present, the seat ring and disk may
be reconditioned by lapping or grinding. If the
joint between the seat ring and the hody is
leaking, a new seat ring must be installed.

All parts must be ingpected for excessive
wear; pay particular attention to the wvalve
gpring and the diaphragm spring, If either is
broken or permanently set, a new spring must
be installed,

When the wvalve is reassembled and in-
atalled, it should be tested by opening the out-
let valve and cracking the inlet valve to thor-
oughly warmm up the valve. The dome should be
pressurized with air or gas to about 10 psig
more than the desired outlet pressure,

SPRING-LOADED EREDUCING VALVES, —
Failure of the spring-loaded reducing wvalve
can usually be traced to one or more of the
following causes:

1. Ruptured diaphragm,.

2. Leakage through the disk seat or seat
ring threads.

3. Ports stopped
foreign matter,

4, Grooves in the bore of the sleeve.

5, Cup leather leaking.

up with dirt or other

In the event the diaphragm ruptures, there
will be no control over the [low of liguid
through the valve. The diaphragm can be re-
newed without removing the valve from the
pPiping system.

All tension must be taken off the adjusting
gpring, and then the diaphragm nuts c¢an be re-
moved from their holts, Next the spring cham-
ber can be lifted off the valve body. This pro-
vides access to the diaphragm, which can be
removed, then a new one can be installed and
the valve reassembled, The diaphragm should
always be renewed when there is indication of
deterioration.

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

Particular attention should be givento clean-
ing the guide surfaces hetween the seat ringand
wing guides and to the pguide surfices of the
sleeve,

The seating surface of the seat ring should
need little repair but in the event it is scored
or otherwize damaged, it should be lapped in,
using the same process as described for other
valves., If the damage to the seating area is
excessive or the hore iz badly worn, a new seat
ring should be installed,

If there are signs of deterioration of the
disk seat, it should be renewed. Il a new disk
seat is not available, turning the seat over 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 ig available.

If the cup leather shows signs of leaking or
deterioration, it should be renewed., The hore
af the sleeve should be inspected for excessive
wear or corrosion. If there s excessive dam-
age to the sleeve, it should be renewed. If the
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sleeve {8 only slightly damaged, the damage
can be corrected by machining the surface in a
lathe. Use extreme care to ensure that the
bore is concentric, has a smooth {inish, and is
not enlarged to the extent that leakage will oe-
cur when the cup is installed.

Relief Valves

Relief wvalves are installed on piping and
units of machinery where excessive pressure
may build up and damapge equipment or en-
danger personnel, Reliel 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 setting of the spring,
leakage between the disk and seat, leakage
around the threads of the seat ring, cocking of
the disk or stem, or an accumulation of dirt or
other foreign matter around the working parts,

In most instances, relief valves may be dis-
assembled in place or they can be removed
from the plping, when repairs are necessary.
The first step in disassembling a reliel valve
is to release all tension on the adjusting spring.
This is accomplished by loosening the locknut
and then loosening the adjusting nut. (Some re-
lief valves are fitted with a test lever which
must be removed before the spring tension can
be released.) The top assembly can be re-
moved by elther removing the nuts on the yoke
bolts or by unscrewing the top assembly from
the body of the valve (depending on the con-
gtruction of the valve). The disk can then be
removed and the seating surfaces can be in-
gpected, 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 burrs or other defects which
may interfere with the free movement of the
working parts. Parts which are worn exces-
slvely, are bent, or are in any way unfit for
further service must be replaced. When it is
necessary to replace parts, those supplied by
the manufacturer should be used, if obtainable._

When a reliefl valve has been overhauled, it
is generally tested for leaks before installing
it in the piping system or on a unit of machin-
ery, It is far more practical to mount the valve
on a test stand (if available) and conduct a
hydrostatic test and then set the relieving pres-
sure at the desired amount, than it is to test
it after installation.

On some reliefl valves, an adjusting ring 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 ring setserew and mov-
ing the ring to the desired position, Raising the
ring will increase the blowdown period and
lowering the ring will decrease the blowdown
period,

Constant Pressure Governor Maintenance

The following paragraphs deal with mainten-
ance of constant pressure governors, For more
complete details on operation and maintenance
of these governors, consult the manufacturer’s
technical manual,

The most common cause of improper opera-
tion of these governors ig dirt or other foreign
matter being carried into the governor and in-
terfering with the operation of the moving parts,
The only remedy 18 to disassemble the governor
and thoroughly clean all parts,

Failure of the governor to properly regulate
the pump discharge pressure may also be
caused by one or more of the following reasons:

1. Leakage around the seating surfaces of
the control valve, the main valve, or the threads
of their respective seat rings,

2. A main wvalve spring or a contrelling
valve spring that is broken, is weak, or that
has taken a permanent set,

3. A broken, cracked, or excessively de-
formed diaphragm.

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 i not a complete list of reasons for
failure of constant pressure governors, but it
does cover the most common ¢auses,

REMOVING FOREIGN MATTER.—When a
constant pressure governor acts sluggishly or
erratically because dirt or other foreign matier
is interfering with the free movement of work-
ing parts, the governor must be completely
disassembled, and all parts cleaned, The manu-
facturer’'s technical manual givesa step-by-step
procedure for disassembly, Extreme care must
be taken in the remowval of all parts, and in the
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cleaning. The parts may be ¢leaned with an ap-
proved solvent and a solt brush, If this cleaning
method fails to remove hardened deposits, a
sharpened tool mayvy be used with extreme
caution,

CYLINDER LINER,—Farticular attention
should be given to cleaning the seat for the
cylinder liner., The cylinder liner must fit
properly to prevent it from projecting above the
body flange, The bore of the main valve guide
must also be carefully cleaned. As each part is
cleaned, it should be earefully inspected for
gxcessive wear, Ifitis necessarytorenewparts,
use only parts furnished by the manufacturer.

CONTROL AND MAIN VALVES —If there
ig leakapge through the control walve or its
bushing, steam will flow to the top of the main
valve, and hold it open, even though there iz no
tenszion 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
governor and stop the steam leakape. In most
instances, the control walve must be renewed.
If the leakage is through the bottom of the bush-
ing and its seat, the seat must be lapped. A cast
iron lap is best for this type of work,

The lap should bhe rotated through a small
angle of rotation, lifted from the work ooca-
sionally, and moved to a new position as the
work progresses. This will ensure that the lap
will slowly and pradually 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
compound often, using only clean compound, If
the lap should develop a groove or cut, re-
dress the lap, Lapping should never be con-
tinued longer than is necessary to remove all
damaped areas,

When wou are installing the control valve
and its bushing, remember that the joint be-
tween the bottom of the bushing and its seat is
a metal-to-metal contact, The bushing must be
installed tightly; and when it isall 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 of the valve stem and
the diaphragm must be checked, It is abso-
lutely mandatory that this clearance be between
001 and 002 inch (fig. &-8), If the clearance
ig less than 001 inch, the diaphragm will hald

the confrol valve open, allowing steam to flow
to the main valve at any time the throttle valve
is open, If the clearance is more than 002 inch,
the diaphragm will not fully open the control
valve—which means that the main valve cannot
open fully, and the unit cannot be brought up to
full speed and capacity.,

In the event the main valve seating area is
damaged, it must be lapped in by the same
process. ALWAYS lap in the main valve with
the piston in the ecylinder liner to ensure per-
fect centering,

If the damage to the seating surfaces is ex-
cessive, new parts must be installed; use only
parts supplied by the manufacturer, ifavailable,

TOP CAP,—In the event the top flanze of the
top ecap becomes damaged, extreme care must
be taken in machining it. The manvfacturer’s
technieal mamual must be consulted for the
correct clearances, (See fig. B-B.) All seating
surfaces must be sguare with the axis of the
control wvalve seat threads and must have the
smoothest possible finish, Before the reassem-
bly is started, all ports in the top cap and dia-
phragm chamber must be [ree 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 free of grooves, pits, or rust,

When installing the cylinder liner, make
certain that the top of the liner does not extend
above the top of the wvalve body. The piston
must work freely in the liner; if there is
hinding, the governor will not operate satis-
factorily. The controlling valve spring and the
main valve spring should be renewed if thevare
weak, broken, or corroded, or if they have
taken a permanent set, If necessary, renew all
diaphragms; if the old diaphragms are used,
they should be reversed.

The instructions in the manufacturer’stech-
nical manual should be followed in reassem-
bling the povernor. All clearances must be as
degigned if the governor is to operate satis-
factorily. Each moving part nmust be carefully
checked to ensure freedom of movement,

When the governor is reassembled, it should
be tested as soon as possible so that correc-
tions, il necessary, can be made.

Inspection of Sea Valves in Drydock

When a ship is in drydock, the engineer
olficer should see that all outboard valves are
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Figure B-8 —Important polnts in cleaning and reassembling a top cap assembly,

ingpected and entries made in the engineering
log, The Ingpection must include the following:
yoke, yoke rods, securing bolts, and internal
valve parts (stem, disk, disk securing device,
tightness of valve, and the threads of the valve
stems of the main injection and overboard dis-
charge gate valves).

On each outhoard wvalve, at least two of the
bolts holding the valve to the sea stool should
be removed and inspected. The other bolts
should be sounded with a hammer, If any bolt
is defective, all the bolts of that valve must be
removed for inspection. In addition, the gaskets
should be inapected, and renewed il necessary,

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

REMOTE-CONTROL OPERATING GEAR

Remote-control operating mechanisams for
emergency purposes are installed at varicus
control points outside the space where the
valves are located. In addition, there are
remote-control mechanisms for other than
emergency purposes; these mechanisms are
generally located at operating stations, On
board ship, there are generally three types of
remote operation: (1} manual, (2) hydraulie,
and (3) pneumatie,

Remote operating gear is installed topermit
operation of valves from remote control points
when the compartments within which the valves
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are installed are untenable, For this reason it
is imperative that these valves and thelr opera-
ting gear be kept in the best possible mechanieal
condition,

All remote gperating gear should be lubri-
cated and wvalves operated through their full
travel from remote control points at least once
each week, This inspection, if not already in-
cluded, should be incorporated inthe weekly test
and inspection sheet,

Flood valve and steam smothering system
control valve operating gear should 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 wndergoing its periodic
test.

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

APPLIANCES FOR PIPING SYSTEMS

Important components of piping systems, not
covered previously in the chapter, are: strainers,
steam traps and drains, meters, expansion
points, and steam whistles, Information concern-
ing maintenance and repair of such appliances
ig piven in the paragraphs which follow,
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STRAINERS

Strainers are fitted in all piping lines to
prevent passage of foreign matter which may
obstruct pump or throttle valves, or damage
machinery parts to which piping {8 connected,
Strainers are installed so that the flow is into
and through the perforated basket. In some
places, such as the forced lubrication and fuel
oil lines, a duplex strainer iz fitted so that the
flow is not interrupted when closing one strainer
for cleaning. The wvalves or plug cocks should
be marked to indicate the direction of flow and
arranged so that both strainers cannot be closed
off at the same time.

The installation of strainers in suction lines
to the main lubricating oil pumps and the fuel
oil serviece pumps has been discontinued in new
installations.

Figure 8-9(A) illustrates a common BILGE
SUCTION STRAINER., This strainer is located
in the bilge pump suction line between suction
manifold and pump. Any debris which enters
the piping will collect in the strainer basket.

BASKET
STRAINER

10 PUMP
SUCTION

The basket is removed for cleaning by loosening

the strong-back screws, removing the cover,

and lifting out the basket by its handle These .
strainers should be cleaned, in accordance with
preseribed instructions, at least every 24 hours
while in port, and every 4 hours while under
way,

Figure 8-8(B) illustrates a DUPLEX OIL
STRAINER, used ordinarily in fuel or lube pil
lines, where it is importantthat anuninterrupted
flow be maintiined, The flow may be diverted
from one strainer basket to the other, while one
is being cleaned. The shutoff device works on the
principle of a four-way cock,

Figure B-8(C) illustrates a MANIFOLD
STEAM STRAINER. This type of strainer isde-
sirable where space is limited, since it elimi-
nates the use of separate strainers and their
fittings, The cover is located sothat the strainer
basket can be easily removed [or cleaning.

A clean SPARE STRAINER basket of correct
size (plainly marked or tagged) should be kept
convenient to each strainer location, If the re-
moved basket is heavily encrusted with foreign

;5
CIEN |

Tr Tl i

11,329X

Figure 8-9.—(A) Bilge suction strainer,
(B} Duplex oil strainer. (C) Manifold steam strainer.
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matter, clean the strainer with a steam jet or
boil in a boiler compeund solution,

STEAM TRAPS AND DRAINS

Steam traps must be located below the low-
est point to be drained and should be placed so
as to be easily accessible for inspection and
repair. A trap must have sufficient capacity to
handle the maximum quantity of condensate that
will reach it at any time,

Steam traps are installed in steam lines to
remove condensate, All steam traps consist of
a valve and some device or arrangement which
will cause the wvalve to open and close, as
necessary, to drain the condensate from the
line without allowing the escape of steam. A
trap that has been functioning properly can be
overloaded if additional drains are led to it as
a result of piping alterations,

Types of Traps

The four types of traps used on naval ships
are: (1) thermostatic traps, (2) ball-float or
open=bucket traps, (3) impulse traps, and (4)
continuous flow traps (without moving parts),

THERMOSTATIC TRAPS, These are light-
weight types of traps of compact design. The
discharge through the thermostatic trap is
controlled by expansion of vapor from a vola-
tile liquid enclozed in a bellows-type element,
These traps are primarily used for draining
heating systems and auxiliary exhaust drain
lineg, Use is limited to pressures under 100

CAP

Sl A, k

b /.a‘\*
w

SHIELD

VALVE ha
SEAT BUSHIK a—\
SE=R)  REPLACEABLE
SEL HERMETICALLY
4 SEALED BELLOWS

(1) TRAP COL: VALVE QPEN

YOLATILE LiDuin

psi gape. Inasmuch as this type trap requires
a temperature differential of 10 to 30°F, a
length of pipe is required [or cooling, between
the unit drained and the trap, A thermostatic
steam trap is shown in fipure 8-10,

BALL-FLOAT OF OPEN-BUCKET TRAFPS,
Compared with the thermostatic or pulsating
types, these traps are larger, weigh more,
and have additional working parts, The ball-
[loat trap is occasionally used where the work-
ing pressures do not exceed 100 psi. The
inverted bucket traps are suitable for all
gervices and pressures.

IMPULSE TBAPS. These traps are suit-
able for all services where the discharge
pressure is not more than 25 percent of the
line pressure. They are wvery compact but
have a definite steam leak when the condensate
increases,

CONTINUOUS TFLOW TRAPS (WITHOUT
MOVING PARTS). These traps are suitable
where condensate formation is continuous and
relatively consgtant, With a large reduction in
condensate, the steam leakage may be too great
for the system. These traps should not be used
where slugs of water are developed.,

A strainer, installed ahead of each steam
trap, must be kept ¢lean and in good condition
to prevent scale or other foreign matter [rom
getting inte the trap itself. If the trap valve
does not open or close properly, the difficulty
is probably due to scale clogging the control
orifice, the orifice in the valve seat, or the
space between the flange and the cylinder,

o
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{b) TRAP HOT: VALVE CLOSED

11,326X

Figure B-10. —Thermostatic steam trap.
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If either the cylinder or the disk is damaged,
the complete unit should be replaced. Replace-
ment of either part separately might result in
improper clearance between the flange and the
cylinder,

Inefficient Operation of Traps

The principal causes of faulty operation,
and the remedies, are:

1. PUNCTURED FLOAT OR BUCKET.
Remedy: Repair 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 the hand tripping de-
vice, if provided, to dislodpe any
dirt or scale caught under the valve,

(b) Remedy: Break the trap down and
clean it,

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

5. SEDIMENT IN BOTTOM OF TRAP.
This econdition may prevent proper op-
eration, Remedy: Blow out if possible;
otherwise, break the trap down and clean
it.

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

Inspection and Repair of Traps

All traps should be inspected quarterly and
those found to be leaking should be repaired
immediately, Leaky traps waste an enormous
amount of steam,

Trups should be adjusted, If possible, so
that steam is never discharged, as the passage
of steam produces erosion. Trap valves and
valve seats which have given trouble as a re-
sult of erosion should be replaced with valves
amnd seats made of nickel-copper alloy, or of
steel faced with chromium-cobalt alloy.

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

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

2. They should be placed where they are
accessible for inspection and repair,
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3. They should not be subjected to pres-
sures higher than designed pressure.

4, They 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 is nor-
mally fitted with a small atmospheric test
valve installed in the discharge line between
the trap and the trap discharge cutout valve.
To test the operation, close the discharge
cutout valve and open the test valve, The trap
should then be tripped and it should be noted
whether or not the trap shuts off properly.
Some steam will accompany the discharged
condensate because of reevaporation of a por-
tion of the condensate at a temperature of
212°F, and atmospheric pressure., However,
a sizele of ateam after the trap shuts off indi-
cates a leak, Impulse traps require about 3
percent of full condensate capacity to prevent
the discharge of live steam. If the cutout
valve leaks, a false indication will be given
when the drain line is under pressure from
some other leaky trap. To determine the source
of leakage, close the trap inlet valve. If the
sizzle stops, the trap is leaking; if it continues,
the discharge cutout valve is leaking,

Principal Drain Systems

All steam systems are drained through a
closed system, On the newer ships, the main
and auxiliary steam lines, including the 150-
psi lines, are pgenerally drained to the deaer-
ating feed tanks by means of 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 the same tank, but through an independent
line.

FRESH-WATER DRAIN COLLECTING SYS-
TEM.=This system consists of atmospheric
drains leading from the lowest point of all
machinery parts where {fresh water may col-
lect and from which it is desirable to remove
drainage when the machinery is not operating.
All such drains should be fitted with drain
valves and open sight-flow devices (funnels)
arranged to prevent the entrance of foreign
matter into the system. Any atmospherie drain
from a closed [ireroom discharging to this
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gystem should be fitted with a water seal
{(U-bend or equivalent) which will prevent leak-
age of alr from the fireroom when the latter
is under an air pressure up to 1 1/4 times the
maximum specified for the particular ship.

SALT-WATER AND OTHER CONTAMINAT-
ED LEAKAGE DRAIN COLLECTING SYSTEM, —
This system 1s installed to collect salt-water
drainage and oil leakage from machinery which
normally operates with leakage; its purpase is
to keep the bilges dry. The system carries this
leakage to the bilge sump tank, 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 unreliable from [riction,
leakage, or erosion, and should be overhauled
and tested when they fail to register properly.
To prevent rapid wear, meters should never
be operated at maximum capacity for prolonged
periods of continuous flow. One-half the capacity
is recommended,

All meters, except fueling meters, are con-
sidered satisfactory il they show errors of less
than three percent. Fueling meters should not
show in excess of a two percent error,

The ordinary type of meter can be opened at
the bolted MNange without disconnecting the meter
from the line. Any troubles can usually be lo-
cated in the submerged parts and canbe rectified
by cleaning the parts and removing any foreign
matter. If the meter is equipped with a hard-
rubber disk and the disk is found to be warped
or swelled, it must be renewed, Il & meter is
consiatontly inaceurate, the matter should be re-
ferred to the Naval Ship Systems Command,

EXPANSION JOINTS

Expansion joints of various types are in-
stalled at suitable intervals in long steam lines,
because of the expansion and contraction of
metal subjected to a wide range of temperature,
The types include the slip joint, expansionbends,
corrugated joints, and bellows jolnts,

The SLIP JOINT (fig. 8-11) is used for low
pressures, such as auxiliary exhaust piping. A
slip joint consists of a stufling box, packing
gland, male sliding tube, female receptacle tube,
and stop bolts (to prevent separation of male
and female sections of the joint),

EXPANSION BENDS are employed for high
pressure and high temperature steam piping in
preference to the slip joint, Expansion bends are
merely loops of piping of proper length and con-
figuration to take up the changes in pipe length
caused by temperature changes, The expansion

¥
STUFAING BOX

STeP BT

47.57X

Figure 8-11, =Slip tvpe expansion joints,
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bends fake many shapes—most common are the
U-bend, Z-bend and L-bend.

The CORRUGATED and BELLOWS TYPES
of expansion joints (fig. B-12) are used for both
medium and high pressures and temperatures,
The prineiple of these joints is obvious: the
expansion-contraction movement is absorbed by
the changing curvature of the corrugations or
bellows (as with an accordion). The internal
sleeves, [ree to slide axially in these joints,
sorve to prevent excessive turbulence and ero-
sion of the expansion parts. Figure 8-13 illus-
trates a corrugated BULKHEAD EXPANSION
JOINT, which Is designed to provide for both
radial and axial movement of piping, with respect
to the bulkhead.

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

Expansion joint bodies must be anchored
gecurely so that movement is confined to the
part designed to slip. The limiting bolts must
be kept adjusted to allow maximum expansion
arnd contraction without danger of the joints
pulling apart,

STEAM WHISTLES

The diaphragm type of steam whistle
(Fig. 8-14) is typical of the typeused on modern

INTERNAL SLEEVE
CEMTERING RING

ships. Before testing the whistle, remove the
diaphrasm leaves by unscrewing the back cover,
and turn on the steam at least 30 minutes, with
all drains open and traps operating. With the
diaphragm removed, operate the whistle valve
several times in order to blow out the pipe
lines thoroughly. Replace the proper mamber
of leaves and tighten the back cover before
tegting, The leaves are marked so that they
may be installed properly; all leaves must

have the high side facing towards the nozzle.

If water comes out through the horn or
around the stem of the operating valve while
the whistle is being tested, or if the note is not
clear from the beginning of the first blast,
immediately check all associated traps, If
the traps are not functioning properly, they
ghould be bypassed until put into working order.

The diaphragm of a steam whistle must be
inspected and cleaned every three months, Dam-
aged leaves must be removed and replaced.
After the leaves have been cleaned and positioned
properly, the whistle must be retested.

The operating wvalve should also be checked
when the diaphragm is examined. If the oper-
ating valve is leaking, it should be removed and
ground in to obtain a good clean seat. The seat
ig penerally locked in place with a setscrewand
can be removed only with a proper wrench and
after the setscrew has been loosened.

COMPRESSION LimiT
LIMIT STOR
EXTENSION

STAITMLESS STEEL
:-mﬁi‘ri"fn_liﬁ.ﬁtu;qi 5

INTERMAL SLEEVE

.

FLANGE

EXTERNAL DIRT GUARD

11.315X:38,127TX

Figure 8-12,—~Corrugated type and bellows type expansion joints,
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2T & EXPANSION
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PIPE

CLAMP
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47.58X
Figure 8-13, —Corrugated bulkhead expansion joint, showing details of installation,
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Figure B-14, —Sectional view of a diaphragm type steam whistle,
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On the installation of a whistle wvalve,
the following factors should be con-
sidered:

1. Steam supply must be taken either directly
from a boller or from a point on a steam line
where there is a continuous {low of steam at
all times,
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2. There must be no horizontal piping be-
tween the whistle and the point where the steam
supply line is connected.

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

4, The drain line from the whistle must be
connected to a continuous flow trap connected

to the atmosphere (never to the high-pressure
drains),



CHAPTER 9

PUMPS

The purpose of a pump is to move [fluid
from one point and deliver it to another, by
pulling, pushing, throwing, or a eombination
of these methods, Every pump has a power end
which may be a steam turbine, a reciprocating
steam engine, a steam jet, or an electric
motor. Each pump also has a fluid end, where
the fluid enters (suction) and leaves (discharges)
the pump; this fluid end may be called the liguid
end, the water end, the oil end, or the gas end
to indicate the nature of the fluid being pumped,

The suction head of a pump refers to the
pressure measured at the pump suction and is
the difference in the level of fuid with respect
to the pump suction plus any pressure exerted
on the fluid from an external means, The dis-
charge head means the pressure of the fluid
leaving the pump, or the level of fluid with
respect to the level of the pump on the dis-
charge side,

On board ship, pumps are used for anumber
of essential services. Pumps feed water to the
boilers, draw condensate from the condensers,
supply sea water to the firemain, clrculate
cooling water for coolers and condensers, empty
the bilges, transfer fuel oil, discharge fuel oil
to the burners, and serve many other purposes.
The operation of the ship's propulsion plant and
of almost all auxiliary machinery depends upon
the proper operation of pumps. Pump failure may
cause [ailure of an entire power plant,

This chapter deals with reciprocating pumps,
variable stroke pumps, centrifugal pumps, and
rotary pumps, For information on other types of
pumps, consult either the Bureau of Ships
Technical Manual, ehapter 9470 (47, or appro-
priate manufacturers’ technical manuals.

RECIPROCATING PUMPS

The reciprocating pump moves water or
other ligquid by means of a piston or plunger
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which reciprocates {goes back and forth or up
and down) within a cylinder. Reciprocating
pumps are usually classified as:

Direct-acting or indirect-acting
Simplex (single) or duplex (double)
Single-acting or double-acting
High pressure or low pressure

. Vertical or horizontal

#

1 g0 1

The reciproeating pump shown in figure 8-1
is o direct=acting, simplex, doublé=acting, high
pressure, vertical pump. An explanation of
what all these terms mean, with reference to
the pump illustrated, is given in the paragraphs
which follow,

The pump is DIRECT-ACTING, because the
pump rod is a direct extension of the piston
rod; and, therefore, the piston in the power end
is directly connected to the plunger in the liquid
end. Most reciprocating pumps used in the Navy
are direct-acting, An INDIRECT-ACTING pump
may be driven by means of a beam or linkage
which 18 comnected to and motivated by the
steam piston rod of a separate reciproeating
engine; or it may be driven by a crank-and-
connecting rod mechanism which is operated
by a steam turbine or an electrie motor. An
indirect-acting pump might appear to have only
one end—that is, the pump end. However, it
should be remembered that this pump, like all
others,must have a power end as well, The
separate engine, turbine, ar motor whichdrives
the pump is the actual power end of the pump.

The pump shown in fipure -1 is called a
SINGLE OR SIMPLEX pump becausge it has only
one loguid evlinder. Simplex pumps may be
either direct-acting or indirect-acting. A
DOUBLE OR DUPLEX pump is an assembly of
two single pumps, placed side by side on the
same foundation: the two steam cylinders are
cazt in a single block, and the two liguid
cylinders are cast in another block, Duplex
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PUMP CYLINDER i

AUXILIARY
SLIDE VALVE

DISCHARGE VALVE

SUCTION VALVE

38,08

Figure 9-1.—Beciproeating pump,

reciprocating pumps are seldom found in modern
combatant ships but were commonly used in
older ships.

In a SINGLE-ACTING pump, the liguid is
drawn into the liquid cylinder on the first or
SUCTION STROKE and ig forced out of the
cylinder on the return or DISCHARGE STROKE.
In a DOUBLE-ACTING pump, each stroke serves
both to draw in liquid and to discharge liquid.
As one end of the evlinder is filled, the other
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end i8 emptied: on the return stroke, the end
which was just emptied is filled amnd the end
which was just filled is emptied. The pump
shown in figure 9-1 is double-acting, as are
most of the reciprocating pumps used in the
Navy,

The pump shown in fipure 9-1 is designed to
operate with a dischargpe pressure which is
higher than the pressure of the steam operating
the piston in the steam eylinder, Inother words,
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this is a HIGH PRESSURE pump. In a high
pressure pump, the steam piston s larger in
diameter than the plunger in the liguid eylinder,
Since the area of the steam piston ig greater
than the area of the plunger inthe liquid cylinder,
the total force exerted by the steam against the
steam piston is concentrated on the smaller
working area of the plunger in the liquid
¢ylinder; and, therefore, the pressure per
aquare inch is greater in the liquid cylinder than
in the steam cylinder, A high pressure pump
discharges a comparatively small volume of
liquid against a high pressure. & LOW PRES-
SURE pump, on the other hand, has a com-
paratively low discharge pressure but a larger
volume of discharge. In a low pressure pump
the steam piston i smaller than the plunger
in the liguid eylinder,

The standard way of designating the size
of a reciprocating pump is by pgiving three
dimensions, in the following order: (1) the
diameter of the steam piston: (2) the diameter
of the pump plunger; and (3} the length of the
stroke. For example, a 12" x 11* x 18"
reciprocating pump has a steam piston which is
12 inches in diameter, a pump plunger which
is 11 inches in diameter, and a stroke of 18
inches, This designation enables one to tell
immediately whether the pumpisahiph pressure
or-a low pressure pump.

Finally, the pump shown in [igure 9-1 is
classified as VERTICAL because the steam
piston and the pump plunger move up and down,
Most reciprocaling pumps in naval use are
vertical: however, a HORIZONTAL pump, in
wilch the piston moves back and forth rather
than up and down, may be found aboard some
shipa,

The following discussion of reciprocating
pumps is renerally concerned with direct-
acting, simplex, double-acting, vertical pumps,
since most reciprocating pumps used in the
Navy are of this type.

The power end of a reciprocating pump
consists of a bored eylinder in which the steam
piston reciprocates, The steam evlinder is fitted
with heads at each end; one head has an opening
ta accommodate the piston rod. Steam inlet and
exhaust ports connect each end of the steam
evlinder with the steam chest. Drain 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 end of the steam cylinder. These
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valves can be adjusted to trap a certain amount
of steam at the end of the ovlinder; thus, when
the piston reaches the end of its stroke, itis
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-
siderable amount of steam will be trapped at
each end of the eyvlinder; at low speeds, the
cushioning valves should be almost open, (The
steam ecylinder shown in figure 9-2 does not
have cushioning valves.)

Automatic timing of the admission and re-
lease of steam to and {rom each end of the
steam cylinder is accomplished by various
types of valve arrangements. Figure 9-2 shows
the piston-type valve gear commonly used for
this purpose; it consists of a main piston-type
slide wvalve and a pilot slide valve, Since the
rod from the pilot wvalve 18 connected to the
pump rod by a wvalve-operating assembly, the
position of the pilot valve is controlled by the
pogition of the piston in the steam cylinder.
The pilot valve furnishes actuating steam {o the
main piston-type valve, which, in turn, admits
steam to the top or the bottom of the steam
cylinder at the proper time,

The walve-operating assembly which con-
necta the pilot valve operating rod and the
pumyp rod is shown in figure 9-3. As the cross-
head arm (sometimes called the rocker arm) is
moved up and down by the movement of the
pump rod, the moving tappet slides up and down
on the pilot valve operating rod. The tappet
collars are adjusted go that the pump will make
the full desipned stroke.

The liguid end of a reciproecating pump has
a piston and cylinder assembly similar to that
of the power or steam end. The piston in the
liquid end i3 often called a PLUNGER. A
VALVE CHEST, sometimes called a WATER
CHEST, is attached to the liguid cylinder; it
containg two sets of suction and discharge
valves, one set to serve the upper end of the
liguid evlinder and one to serve the lower end,
The walves are so arranged that the pump
takes suction from the suction chamber and
dizcharpes 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 the
piping against excessive pressure,

Some reciprocating pumps have anair cham-
ber and a snifter valve installed in the liguid
end. The upper part of the air chamber containg
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air: the lower part contains liguid, On each
stroke, the air in the chamber is compressed
by the pressure exerted by the plunger, When
the plunger stops at the end of a stroke, the
air in the chamber expands and allows a gradual
rather than sudden, drop in the discharge
pressure, The air chamber, therefore, smooths
oul the discharge flow, absorbs shock, and pre-
vents pounding, The snifter wvalve, if installed,
allows a small guanfity of air to be drawn in

_._—.:‘E'-u—. =3 ‘

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

USAGE IN NAVAL SEEVICE

Reciprocating pumps are used for two main
purposes in the main machinery spaces: {1) as
fire and bilge pumps; and {2) a5 emergency [eed
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Figure 9-2.— Piston-type valve gear for steam end of reciprocating pump.
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Figure 9-3,—Valve operating gear.
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pumps. Reciprocating pumps are very good for
emergency use because they are relatively
simple, reliable, and easy to start and operate
under cold conditions,

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 relatively low pressure steam (usually about
160 p=i or a little higher),

Procedures for the operation, maintenance,
and repair of the fire and bilge pump are, 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 arelkept clean. Clogged suction
strainers and the presence of [oreign matter
in the water chest suction and discharge valves
are the most frequent causes of trouble in the
lHquid end of the fire and bilge pump,

The EMERGENCY FEED PUMP is a direct-
acting, simplex, double-acting, high pressure,
vertical pump of the fype shown in figure 8«1,

The pump is operated from the auxiliary steam
line, It is wsed for filling idle boilers, for
transferring reserve feed water, 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 itsuseis therefore limited
to emergency or auxiliary service,

It should be noted that the main feed pump is
almost always of the centrifugal type (discussed
later in the chapter), requiring a positive suction
head, If the feed booster pump fails, therefore,
the main feed pump cannot operate, Reelpro-
cating pumps, on the other hand, do not require
a positive suction head and are therefore capable
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
gtandby condition whenever the fireroom is
steaming. Some emergency feed pumps are
provided with a discharge check valve so that
the discharge walve may be kept open while the
pump is in standby condition.

When an emergency feed pump is used for
in-port steaming, another pump must always
be used for standby, This precaution is necessary
in order to avoid a serious engineering casualty,
in_the event of failure of the emergency feed
pump,

The emergency feed pump is also used to
add boiler compound to the water in the boiler,
and an open suction connection is provided 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 boller. CAUTION: If the emergency feed
pump has been taking a hot suetion, it must be
cooled down before it is used to pump boiler
compound into the boiler.

OPERATION AND OPERATING TROUBLES

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

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

2. 0il the pins of the steam valve operating
pear 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.

8. Crack the steam throttle walve and ad-
mit steam SLOWLY =s0 that the steam cylinder
will warm up gradually.

T. 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 pressure.

In general, the steps to be followed in
stopping and securing a reciprocating pump are:

1. Cloge the steam throttle valve,

2. Close the steam exhaust wvalve at the
pump,

3. Open the steam cylinder drains,

4, Close the liquid end suction and dis-
charge valves,

5., Close the gteam and exhaust root valves.

Sometimes the pump may not kick over when
it is being lined up and the throttle valve is
ceracked open, If the throttle valve is opened
wider and nothing happens, the starting pro-
cedure should be repeated to ascertain that
everything has been done correetly, 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-
haust 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 o0
that it eannot move.

4, If the trouble cannot be located, report
the fact to the proper authority,

From time o time operating troubles with
reciprocating pumps are likely to cccur, Some
of the most common causes of trouble, together
with their symptoms and remedies, are de-
scribed in the paragraphs which follow.
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LACK OF PROPER SUCTION will cause
jerky or irregular operation of the pump, or it
may cause the pump to race without any appre-
ciable increase in discharge pressure. Loss
of suction may be caused by a mumber of
different conditions, ineluding:

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 air-hound,

Obstructions in the suction 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-hound due to loss of suction head, If this
occurs, and a standby 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 suctlon—that is, (1) shift to a
reserve feed tank, (2) open the vents on the
liquid end wvalve 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 i, by having air trapped in the
system. The remedy for this condition is to
open the aircocks and vents on the liguid end
valve chest and to leave them open until water
flows out.

Insufficient prime often causes loss of suction
in pumps which have a considerable suction
lift. The fire and bilge pump can usually be
primed from the sea by opening the sea suction
valve for a short time,

LOS3 OF DISCHARGE PRESSURE and LOSS
OF CAPACITY are closely related operating
troubles. They may be caused by various con-
ditions, including:

Low steam pressure,

High exhaust back pressure.
Insufficient speed of the pump.
Exceasive suction lift.

Air leakapge info the pump.
. Entrained wapors in the
ligquid,

S b w0y Do
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7. Excesgive friction resulting from im-
properly packed stuffing boxes or from binding
of the packing in the liguid 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 leaky, broken, or
stuck wvalves in the water end; leaky valves in
the suetion line; a leaky piston; or other con-
ditions., If a pump which has been running
properly suddenly loses discharge pressure on
one stroke, the trouble ig very likely to be a
broken valve in the water end. Whenever a re-
ciprocating pump loses discharge pressure or
capacity, or whenever it begins to race without
increaging the discharge pressure, it should
be ztopped 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 locse on the rod; a rod which
has come loose at the crosshead; loose water
chest wvalves or a loose valve plate; or loose
zing plates, Water hammer or ram effect in the
suction piping may cause pounding in the water
end of a pump which has a considerable suction
lift; this pounding will usually stop when the
pump is run ata slower speed, Pounding in the
liguid end may also bhe caused by insufficient
charging of the air chamber {if installed). If
pounding occurs in the liguid 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 wvalves or air
chambers must NEVER be installed on the
emergency feed pump, since these devices would
tend to draw air into the feed water,

GROANING IN THE WATER END is most
often caused by packing that is too tight. 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 should be found and
corrected. Continued operation of a pump which
has any of thesze defects may cause a scored
cylinder or even more serious damage.

ENOCEING IN THE STEAM END may he
caused by too long a stroke, by the presence of
water in the steam cvlinder, by loose plston
rings, by a loose piston assembly, by the piston
being loose on the rod, or hy some difficulty
in the piston-type valve gear. The pump should
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he stopped at once and the trouble should be
found and corrected,

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

MAINTENANCE AND REPAIR

Reciprocating pumps require a certain
amount of routine maintenance and, upon occa-
gsion, Some repair work. All the pertinent
blueprints, drawings, and available data should
be examined before a pump is repaired. These
drawings and data furnish the required clear-
ances, measurements and information regarding
materials to be used. In addition, the complete
history of the pump being repaired should be
available so that it can be determined what has
been done previously, when repairs were made,
and what kind of trouble has been encountered
with this particular pump.

Whenever reciprocating pumps are opened
tor repairs, micrometer or caliper measure-
ments should be taken of the main eylinders and
the valve chest cvlinders. These measurements
are made on the fore and aft and athwartships
diameters at the top, middle, and hottom,
The results should be recorded, with anaccom-
panying diagrammatic sketch showing the mea-
surements obtained and the date on which they
were made,

The steam end of a reciprocating pump
should NOT be dismantled until a thorough
check reveals that the water endis satisfactory,
Mozt reciprocating pump troubles result from
fouled water cylinders, worn valves, or from
faulty conditions in the pipe connections external
o the pump.

Some of the most important factors con=-
cerning the maintenance and repair of pumps are
dizcussed inthe sections which follow, Additional
information can be obtained from either the
Bureau of Ships Technical Manual, chapter
9470(47), or applicable manufacturers’ technical
manuals,

Adjustment Of Stroke

In order for a steam-driven reciprocating
pump to operate properly, the steam piston must
travel a little beyond counterbore (fig, 9-4): this
means that the pump must operate with a full
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Figure 9-4.—Piston at upper end of stroke.

stroke. A full stroke will result in more even
wear throughout the cylinder,

The length of the stroke is adjusted by mov-
ing the two adjustable tappet collars on the
threaded portion of the valve rod link, The tappet
moves between the tappet collars as the leveris
moved by the action 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 of the
pump is lengthened by turning the tappet collar
in the direction that moves it away from the
tappet. Once the tappet collars have been set
properly, they should be left alone. If it becomes
necessary to adjust the tappet collars frequently
while the pump is operating, the 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. Refer to manufacturer's drawings and
technical manuals for detailed information as
to the method to be followed for specific types
of valve gear., The following method may be used
for a general guide if the appropriate informa-
tion is not available. Place the steam piston
and auxiliary piston valve on the 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 collars
Turther apart. If the stroke is toolong, move the
tappet collars closer together, Make certain
that the tappets are moved an equal amount, or
the stroke will be longer on one end than on the
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other. When final adjustment has been made,
lock the tappet collars securely in place,

Bun the pump slowly, with the throtfle
cracked, against little or no pressure, and with
the cushioning wvalves wide open. The piston
should be striking on the eylinder heads (if it
does not, there is friction at some point). Close
down on the cushioning valves until the pump is
running at full stroke and with smooth reversal
and no striking. If it is impossible to obtain
smoothness of reversal, it may be necessary to
adjust the tappet collars.

Pump Alipnment

Improper alignment is one of the most fre-
quent sources of trouble with pumps. Pumps with
mountings secured to a bulkhead are more sub-
ject to misalisnment than those with independent
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 misalipnment,

Operation of an improperly aligned pump
usually scores the rod and eylinders, and breaks
the followers, The alignment of pumps should be
tested occasionally by removing the piston and
plunger and running a line through the steam and
water eylinders. This should be performed as a
routine test within the first vear after a ship is
commissioned; and also for a pump that is
seoring rods or evlinders, or breaking followers,

Before a line is run through the cylinder or
any adjustments are made, the foundation must
be lined up and the centerline must be deter-
mined. The centerline must divide each cylinder
equally (see fig. 9-5). Fasten one end of the line
to a temporarvy beam at the end of one of the
cylinders, In figure 9-5 the beam is rigged above
the steam cylinder. Run the line down the center
of both cylinders, and center it at the top and
bottom of the steam eylinder, so thatit 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 the 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 clearances betweenthe pistonrods
and the cylinder throat bushings. Malke this check
with the pistons in each of three positions—top,
center, and bottom of the stroke, If clearanceis
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Figure 9-5.—Centering a line through two
cylinders.

not uniform,
possible.

In some cases, when steam cylinder founda-
tion pad bolts are slacked off, the eylinder 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 misalipnment is the
piping. The piping should line up naturally with
the pump comnections and should 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. Improperly installed piping puts a strain
on the pump and forees it out of alignment, Spe-
cial care should be taken to avoid vapor pockets
when installing suction piping,

réalign the pump as soon as
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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,
If a gland is set up too hard, the packing will
probably score the rod. If a gland continues to
leak after the nuts have been given a few turns,
it will be best to leave it alone until the pump
can be shut down. Then an examination should
be made to see if the bushing is too large, pos-
sibly because the rod has been turned down,
or if a new packing is required. Particular
attention should be piven to packing for cvl-
inders operating at low pressure, or below
atmospheric pressure, to prevent not anly loss
of vacuum, but the admission of grease into the
cylinder and air into the feed system,

Loose Pistons

Pistons in the water end of pumps (fig. 9-6)
are generally constructed of bronze and are
of the body and follower type. The piston itself
is not a tight fit, but depends upon several rings
of packing to prevent leakage. These rings of
packing are placed between a shoulder at one end
of the pistonand afollower plateat the other end,

Loose water pistons and steam pistons are
sometimes a source of trouble in reciprocating
pumps. A piston should alwavas be properly
refitted after it has been removed from the
rod, The tapered part of the rod and the
opening in the piston must be free of foreign
matter before the piston is fitted. Even a small
amount of foreign maitter will prevent the piston
from giving the proper bearing surface to the
tapered part of the rod. The piston should be
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Figure 0-6,—Liguid end piston, rod, packing,

and follower.
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fitted onto the tapered part of the rod and the
securing nut should be set up handtight. There
should be a uniform clearance of 1/32 to 1/8
of 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 18 properly placed, the securing nut
should bLe tightened to force the piston tightly
against the shoulder of the rod, Piston trouble
will usually disappear when the piston is properly
refitted to the rod,

If 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 [lat 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, permitiing
the plunger to back off and carry away, This
condition is corrected by scecuring the nut to
the rod with a setscrew,

Piston Too Small

Pistons may be built up by flowing on metal
by the oxyacetylene method or by electric
welding, The piston is then machined to the
proper fit,

It sometimes happens that in reboring a
water cylinder 8o much clearance {8 introduced
that the piston and follower require renewal,
Until a new piston and follower can be obtained,
one of the following procedures may be employed:

1. Install upper and lower rings of metal
packing 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 of the ring is then machined to fit
the cylinder.

If the pistons are so much undersized that
the preceding procedures are not satisfactory,
the pistons may be built up by {lowing on metal,
and then turned to the correct diameter,

Breaking of Followers

The breaking of followers and bolts may re-
sult from misalipnment, but is penerally caused
bv a weak follower, A new and heavier follower,
or one of better material, should be tried on a

pump to sec If it stops the trouble. The break-
ing of followers can be prevented by drilling
the piston for through bolts for securing the
follower.

When the follower is too small in diameter,
soft packing will frequently roll up between
the piston and the eylinder, causing the follower
to jam and break,

Renewing Packing

When packing a pump with flax or other
soft packing, the packing is soaked in hot water
approximately 12 hours before fitting and in-
stalling. If an urgent demand for the pump makes
this impracticable, the packing should be in-
serted to fit loosely and allow for swelling.
Failure to do this will cause the pump to groan
or result in a scored cylinder.

Laminated phenolic packing type rings are
increasing in usage, particularly for boiler feed
service, The Naval Ship Systems Command is
condueting laboratory and service tests on
various types of pumps to determine their
suitability and to develop data as totheir proper
application and installation. The use of laminated
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 satisfactory for or can be altered
to accommodate the phenolic type rings,

Metal rings are sometimes wvery narrow
and cut the cylinder. If wider rings are [itted,
the trouble generally stops, Sharp edges of
rings should be rounded with a file. The use
of white metal rings is considered obsolete
and unsatisfactory.

Worn or Broken Piston Rings

Troubles in the steam cylinder result mainly
from faulty plston rings. Wearing of piston
rings can cause a pump to lose power, and even,
in some cases, to stop, If a pump stops, while
operating slowly, in the middle of a stroke, the
trouble may be due to worn rings, In this case,
the pump should be secured and the condition of
the rings and the evlinder checked. Pistonrings
must be renewed when necessary.

Figure 9-T7 shows a steam piston assembly
of a reciprocating pump. The piston rings are
cast iron, If the piston rings arebrokenor worn
or have been poorly [itted so that there is ex-
cessive leakage by the piston, new rings must
be installed, Figure 9-8 illustrates the fitting
of piston rings.
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Figure 8-, —Removing piston rings.
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Fipure 9-8, —Fitting piston rings,

Overhauling Water End Valves

All valves in the water end of the pump must
be kept tight to ensure satisfactory and economi -
cal pump operation. Valves may be faced ina
lathe apd then ground in on their seats by a
simple device which consists of a length of rod
slotted to fit a piece of metal which seats across
the top of the valve,

It is sometimes desirable to take a cul off
the valve seat without removing it. A simple
cutter can be made with an extension for a bit-
gtock, gimilar to the srinding-in device. When
flat valves are fitted, the seats may be trued
up by using a small surface plate and spotting-in
the section on the surface plate.

After the walves have been ground in, the
valves can be tested by cloging the suction valve,

opening the discharge valve, starting the pump,
and noting the vacuum that the pump is capable
of attaining.

At each examination, all metal valve disks
ghould be checked with a straightedge to see if
they are true. The life of rubber valves can be
lengthened by trimming and turning the valves
and by inserting brass backings.

Tension on the valve springs should be great
enough to ensure a quick closing of the valve,
but not so great that the valve cannot be Lifted
easily by hand. The springs should be secured by
split pins, and the valves adjusted to give the
proper lift. Lift should be such that the circum-
ferential opening is slightly greater than the
clear opening through the seat, but NOT greater
than 1/4 the diameter of the clear opening.

Valves must be kept clean. A lipht mineral
0il makes a good cleaner, and a lye or soda
solution 1s satisfactory for removing caked or
cummed il from the valves,

In pumps having valve seats securedonly by
a taper fit, the seats should be forced home by
a jack resting on the end of a reseater which in
turn rests on the face of the valve seat. If the
seat works loose, the edge of the seat should
be peened slightlv, In pumps that have the valve
seats serewed intothe pumpdiaphragm, the valve
geats must be inserted with white lead; ofher-
wige it will be difficult to remove them.

In some pumps, digcharge valve seats in the
water end are secured to the pump diaphragm
Iw shoulders on the valve stems, where the
stems screw into the suction seats, These seats
have small flanges under which gaskets are
Fitted, Rubber gaskets supplied by the manu-
facturer are soon Squeezed out, causing the
=zeats to leak, Hard sheet packing will give better
performance than rubber; and if cold water is
to be pumped, sheet lead will give the best per-
formance. When flanges cause a great deal of
trouble, it will be necessary to fit new seals
with a ground joint.

Frequently, valve stems shear off. This can
e remedied by cutling the stem off the valve and
turning a groove in the top of the valve for the
spring to rest in, The stem is pinned to the guard
at a sufficient height to allow proper opening of
the valve: it then acts merely as a guide for the
spring and as a limiting deviece {or the valve.
It will be necessary to [it a new stem because
the old one will not be large enoupgh to make a
close fit in the guard,

Extreme care should be taken in assembling
pamps after overhaul. Valves, valve seats,
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stems, and springs must be marked before
removal, to make it easier to replace them in the
proper order,

SAFETY PRECAUTIONS

The following safety precautions must be ab-
served in connection with reciprocating pumps:

1. Never attempt to move a reciprocating
pump by hand while the steam valve tothe pump
is open,

2. Do not use the emergency feed pump for
purposes other than those conneeted with the
service of boilers or the use of [eed water,
except in emergency.

3. Before opening a steam cylinder or a
steam chest, be sure that all drains are open
ane the steam and exhaust root valvesare wired
clogsed,

4. Before opening the water cylinder or the
valve chest of a pump handling water at a tem-
perature higher than 212°F, be sure that the
suction and discharge valves are wired closed
and that the eylinder and valve chest aredrained.

5. Always open the steam eylinder drain
valves and the steam chest drain valves when
the pump 18 shut down; leave them open until
the pump is again in operation and has been
cleared of condensate.

VARIABLE STROKE PUMPS

Aboard ship, wvariable stroke pumps are
used primarily on electrohydraulic steering
gear, elevators, cranes, and anchor windlasses.
In these applications, the variable stroke pump
is referred to as the A—end of the drive system;
and the hydraulic motor which i{s driven by the
A-end 18 referred toas the B-end. By controlling
the pumping action of the A-end, the motor can
be operated in either direction and the speed
varied from zero to the maximum rate,

Variable stroke pumps are alsoused on some
ships as in-port or ecruising fuel oil service
pumps, Although they are often classified as
rotary pumps, variable stroke pumps are ac-
tually reciprocating pumps. Variable stroke
pumps operate on a principle similar tothatof a
single-acting reciprocating pump. A rotary
motion is imparted to a eylinder barrel or cyl-
inder block in the pump by means of 4 constant-
speed electric motor, But the achial pumping
is done by a set of pistons reciprocating inside
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evlindrical openings in the eylinder barrel or
cylinder block.

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

The AXIAL-PISTON VARIABLE STROKE
PUMP, shown in figure 9-9 usually has either
geven or nine gingle-acting pistons which are
evenly spaced around a eylinder barrel. (Note
that the term CYLINDER BARREL, as used in
this comnnection, actually refers to a cylinder
BLOCK which holds all the cylinders.) The
piston rods make a ball-and-socket connection
with a socket ring. The socket ring rides on a
thrust bearing carried by a casting called the
TILTING BOX OR TILTING BLOCK,

When the tilting box is at a right angle to
the shaft, and the pump is rotating, the pistons
do not réciprocate; therefore, no pumping takes
place. When the box is tilted away from a right
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Fipure 9-9,=Axial-piston variable stroke
pump.
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angle, however, the pistons reciprocate and the
leuid is pumped,

If the tilting box is designed to be moved in
only one direction, the liguid can flow in only
one direction, In some pumps, however, the
tilting box is so arranged that it may be tilted
in either direction, thus allowing the liguid
to be pumped in either direction. The position
of the tilting box conlrols both the direction of
flow and the amount of flow,

The RADIAL-PISTON VARIABLE S5TROKE
BUMP is similar in general principle to the
axial-piston tvpe just described, but the ar-
rangement of component parts is different. In
the radial-piston pump, the cylinders are ar-
ranged radially in a eylinder body which rotates
around a nonrotating eentral cylindrical valve.
Each cvlinder communicates with horizontal
ports in the central cylindrical valve. Plungers
or pistons, which extend outward from each
eylinder, are pinned at their outer ends to slip-
pers which slide around the inside of a rotating
floating ring or housing.

The floating ring is so constructed that it
can be shifted off center from the pump shaft.
When it 15 centered, or in the neutral position,
the pistons deo not reciprocate and the pump
does not function, éven though the electric
motor is still causing the pump to rotate, If the
floating ring is foreed off center to one side,
the pistons reciprocate and the pump operates.
If the floating ring is forced off center to the
other side of the pump shaft, the pump also
operates but the direcetion of flow is reversed.
Thus it can be seen that the dirvection of flow
atdd the amount of flow are both determined by
the position of the eylinder body relative to the
position of the floating ring.

The shipboard application of reversible type
variable stroke pumps is found in suchhydraulic
transmission gear as steering mechanisms. For
information on these mechanisms, refer to
chapter 15 of this publication.

When used for fuel oil service, variable
stroke pumps are designed to be nonreversing,
They operate at constant speed, with a constant
digcharge pressure, but with varying capacity,
Spring tension is often used to control the po-
sition of the tilting box or the floating ring, and
so to maintain constant pressure while varying
the amount of liquid which is pumped. Whenthis
type of constant pressure control is fitted, it is
usually adjustable from 150 to 300 psi. Most
variable stroke pumps have, in addition, a hand-
operated capacity control device which ean be

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

Variable stroke pumps require wvery little
maintenance, When they are properly installed
and correctly operated, they may run for yvears
with practically no trouble. The most common
causes of trouble with variable stroke pumps
are (1} air in the system, which may cause
jerky or irregular operation, and (2) impurities
in the pumped liquid, which may cause damage
to the pump parts,

If foreipn matter scores the valve plates,
pistons. or evlinders. these parts may need to
be reground or replaced., The cause of the
scoring must, of course, be found and corrected
or the entire repair job will bewasted, If
pistons are improperly fitted, they may seize;
replacing or regrinding the pistons may be
required,

When a variable stroke pump is disassem-
bled, each piece should be carefully marked 50
that the pump can be reassembled correctly. It
is particularly important to mark the pistons.
The designed elearances are so small that the
pistons will work properly only if they are
replaced in the right eylinders,

CENTRIFUGAL PUMES

There are many types of centrifugal pumps,
but all operate on the same principle. The
operation of centrifugal pumps depends upon
centrifugal force {which imparts a high velocity
to the liquid pumped) produced by the rotation
of the impeller at hiph speed. The liquid is
sucked in at the center or EYE of the impeller
and discharged at the outer rim of the impeller,

By the time the liguid leaves the impeller,
it has acquired & high velocity—and its potential
energy has been changed to kinetie energy. The
liquid is slowed down by being led through 2
volute or through diffusionvanes, As the velocity
of the liquid decreases, its pressure increases,
in this way the kinetic energy of the liquid is
changed to potential energy.

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

In the VOLUTE PUMP, shown infigure 9-10,
the impeller discharges into a volute—that is,
a gradually widening channel inthe pump casing.
As the liguid passes through the volute and into
the discharge nozzle, a considerable portion of
it kinetic enerpy is converted into potential
EnergEy.
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Fipure 9-10,—8imple volute pump,
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In the VOLUTE TURBINE PUMP, shown in
figure 9-11, the liquid leaving the impeller iz
first slowed down by the stationary vanes which
surround the impeller, The liguid is forced
through the gradually expanding passages of the
diffuser ring before entering the volute, Since
both the diffuser vanes and the volute reduce the
velocity of the ligquid in the volute turbine pump,
practically all the kinetic energy is converted
to potential energy.

Centrifugal pumps may be clasgified in sev-
eral ways. For example, they may be either
SINGLE STAGE or MULTISTAGE. A single-
stage pump has only one impeller. A multi-
stage pump has several impellers housed to-
gether in one casing; each impeller functions
separately, discharging to the suctionof the next
stage impeller. Centrifugal pumps are also
classified as HORIZONTAL or VERTICAL, de-
pending upon the position of the pump shaft,

The impellers used on centrilugal pumps may
be classified as SINGLE SUCTION or DOUBLE
SUCTION, The single-suction impeller allows
liquid to enter the eve from one direction only;
the double-suction type allows liguid to enter
the eye from two directions, Impellers are also
clagzified 2 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 these side walls. Most centrifugal
pumps used by the Navy have closed impellers,

USAGE IN NAVAL SERVICE

Centrifupal and axial flow pumps are used
for most nonviscous ligquid services on naval
ships., They have largely supplanted direct-
acting steam pumps for such services, The ad-
vantages of centrifugal pumps include simplicity,
compactness, weight saving, and adaptability to
a high-gpeed prime mover, Centrifugal pumps,
however, have the disadvantape of a lack of sue-
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Figure 9-11.—Volute turbine pump,

tion power and must be primed to operate ona
suction lift, They are also sensitive tovariations
in the head and in the speed. They are usually
designed for a specific set of operating conditions
and may give unsatisfactory performance when
subjected to operation at great variance with the
degigned rating,

Centrifugal pumps may be arranged tooper-
ate in series when the required pressure exceeds
that of one awvailable pump, They may also be
installed to operate in parallel when several
gmaller units to handle varying capacity de-
mands over a wide range are desired, so when
a maximum reliability is reguired, For satis-
factory operation in parallel, pumps should have
a constantly rising head from rated capacity
to shut off. Where pumps of different capacity
ratings are to operate in parallel, the shut
off head of the smaller pumyp should be slightly
in excess aof the shut off head of the larper
pump. This is essential; otherwise, the smaller
units would bhe blocked off the line by the
higher pressure developed by one of the larger
pumps,

Boiler feed pumps are of the high speed,
miltistage type and are usually driven by a
gteam turbine, The main feed pump, shown in
fipure 9-12, may be installed either in the
fireroom or in the enginercom. The feed pump
requires recirculation from the discharpe to
the source of supply to prevent the fluid from
turning to steam which causes the pump to
cavitate when operating at low capacity. The
main feed pump operates at a discharge pres-
sure considerably above the maximum steam
drum pressure; it operates at varying speeds
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Figure 0-12.=Main feed pump.

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

Feed booster pumps are usuvally vertical,
single- or two-stage pumps driven by a steam
turbine or electric motor, Feed booster pumps,
normally installed in the engineroom, have low
suction and impeller eye velocities and operate
at low speeds because of the low suction heads
available, These pumps should be fitted with
suction vent connections and with a recircéulation
system. The recirculating line should be opened
when starting or securing and when the pump is
dischurging to a reciprocating feed pump, At
other times, the recirculation from the centrif-
ugal main feed pump will provide sufficlent
protection against overheating of the booster
pump at low capacities.

Main condensate pumps are vertical, one- or
two-stage pumps driven by steam turbines or

clectrical molors. Condensate pumps take suc-
tion under extremely low submergence from the
hot well of the condenser. The {irst-stage im-
pellers are usually of the single, top-suction
type, and the suction nozzle and piping are 50
arranged that there is a continuous downward
glope from the condenser to the impeller eye.
The impeller must be submerged even at the
maximum angle of the ship's roll or a severe
water hammer may oeccur. Figure 9-13 shows
a two-stage condensate pump.

Pumps for main circulating service onhigh-
speed combatant ships are generally of the verti-
cal propeller type and are driven by steam tur-
bines, These pumps have capacities of from
14,000 to 40,000 gallons per minute at total head
of approximately 30 feet. For suchinstallations,
circulating pumps are usually arranged to oper-
ate when maneuvering, backing, or going ahead at
low speeds. At high speeds the scoop eireulation
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Figure §-13, =Two-stape condensate pump,

is adequate. In auxiliary ships, the main cir-
culating pumps are usually of the vertical, cen-
trifugal, double-suction type and are driven by
eleciric motors.

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

OPERATION AND OPERATING TROUBLES

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

If a centrifugal pump DOES NOT DELIVER
ANY LIQUID, the trouble may be caused by
(1) insufficient priming; (2) insufficient speed
of the pump; (3) excessive discharge pressure,
such as might be caused by a partially closed
valve or some other obstruction in the dis-
charge line: (4) excessive suction Lft; (5)
clogged impeller passages; (6) the wrong direc-
tHon of rotation; (7) clogred suction screen (if
used); (8) ruptured suction line; or (9) loss of
suction pressure.

If a centrifugal pump delivers some liquid
but operates at INSUFFICIENT CAPACITY, the
trouble may be caused by (1) air leakage into
the suction line; (2)air leakage into the stuffing
hoxes, in the case of pumps operating at less than
atmospheric pressure; (3) insufficient speed of
the pump; (4) excessive suction lift; (5) insuffi-
cient liquid on the suetion side; (6) clogged
impeller passages; (7} excessive discharge
pressure; or (8) mechanical defects such as worn
wearing rings, impellers, stuifing box packing,
or sleeves,

If a pump DOES NOT DEVELOP ENOUGH
DISCHARGE PRESSURE, the trouble may be
caused by (1) insufficient speed of the pump;
(2) air or gas in the liquid being pumped; or (3)
mechanical defects such as worn wearing rings,
impellers, stuffing box packing, or sleeves.

If a pump WORKS FOR A WHILE AND THEN
FAILS TO DELIVER LIQUID, the trouble may be
cauged by (1) air leakage in the suction line:
(2) air leakage in the stuffing boxes: (1) clogged
water seal passages; (4) insufficient liquid on the
suction side; or (5) excessive heat in the ligquid
being pumped.

If a motor-driven centrifugal pump TAKES
TOO MUCH POWER, the trouble will probably
be indicated by overheating of the motor. The
basic cause of the difficulty mav be (1) operation
of the pump at excess capacity and insuificient
discharpge pressure; (2) excessively high visecos-
ity or specific gravity of the liquid being
pumped: or (3) misalipnment, a bent shaflt, ex-
cessively tipht stuffing box packing, wornwear-
ing rings, or other mechanical defects.

VIBRATION of a centrifugal pump is often
caused by (1) misalignment; (2) a bent shaft;
{3) a clogged, eroded, or otherwise unbalanced
impeller; or (4) lack of rigidity in the foundation.
Insufficient suction pressure may also cause
vibration, as well as NOISY OQPERATION and
FLUCTUATING DISCHARGE PRESSURE, par-
tieularly in pumps handling hot or wvolatile
liguids.
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Fipure 9-14, —Cross-section of a

It the pump fails to build up pressure when
the discharge wvalve is opened and the pump
speed increased, it will be necessary to;

1. Secure the pump.

2, See that the pump is primed and that all
air i8 expelled through the air cocks on the
pump casing,

3. Bee that all valves on the pump suction
line are open.

4, Start the pump again, If the discharge
pressure is not normal when the pump is up
to its proper speed, the suction line may be
clogged, or an impeller broken. It is also
possible that air is being drawn into the suection
ling or into the casing. If any of these condi-
tions oxist, stop the pump, try tofindthe source
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 of centrifugal pumps are
in use; for specific information onany particular
amp, study the manufacturer’s technieal manmaal
furnished with the unit.

Inspections of Operating Pumps

As a routine maintenance procedure, fre-
quent and regular inspections showld be made
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motor-driven centrifugal pump.

of each pump that iz in operation. At least once
an hour., it should be ascertained that all
temperature and pressure gages are indicating
proper conditions and that there is proper
leakapge from the stuffing boxes.

Lubricating Svstems

Lack of lubrication or improper lubrication
is a major cause of pumpfailure. Beforea pump
is started, the level of oil in the sump should
be checked—not only for the amount of oil, but
also for quality of oil it contains. If water is
found in the oil sump, a check should be made
for leakage from turbine clands, a leaky nil
cosler, or any other possible source of water
contamination. The oil filters or strainers must
be checked frequently; in thosge with edge [il-
tration (sueh as in the Cuno tvpe filter), the
sediment, which will coliect in the bottom of
the filter, must be cleaned out (reguently,
Housings of grease-lubricated bearings should
be checked occasionally to ensure that they are
free of water, dirt, and other foreign matter.
I water is found in the bearing housing, it
should be traced to its source. When water or
other foreign matter iz found in a lube oil
gystem, the unit should not be operated until
the system has been drained, ¢leaned, and filled
with the proper quantity and guality of oil. The
frequency with which grease 1s added to a
bearing must be determined by the tyvpe of
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service and the effectiveness of the grease
seals.

When a pump is started, it will be necessary
to determine if:

1. The lube 0il pump is discharging at the
designed pressure.

2, There is oil flow to all bearings.

3, Cooling water is flowing through the air
cooler,

4, All air is vented from the oil cooler.

5. It is necessary tovent the lube oll svstem.
If the system needs wventing the vent at the
highest point in the system should be opened
until oil appears, and then closed.

Renewing Stuffing Box Packing

The packing in centrifugal pump stuffing box-
es should be renewed aboutonce every 2 months,
When packing is replaced, the specified material
and the correet 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 Hghtened and the packing compressed
gradually. It is important to do this gradually
and evenly, in order to avoid excessive friction
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which would cause overheating and possibly
scoring of the shaft or the shaft sleeve. It is
usually necessary to put in more packing rings
after the first ones have been compressed.

On some centrifugal pumps, a lantern ring
is inserted between the rings of the packing.
When stuffing boxes onsuch pumps are replaced,
the packing beyvond the lantern ring should be
replaced. The stuffing box should be packed in
such a way that the packing will not block off
the ligquid seal connection to the lantern ring
after the gland has been tightened,

Figure 9-15 shows a stuffing box on a cen-
trifugal pump. Notice that the packing is so
arranged that the lantern ring will line up with
the liquid seal commection when the gland is
tightened.

Care of Shaft Sleeves and Water Flingers

On most centrifugal pumps, the shaft is
protected at the stuffing bhox by sleeves which
are either screwed or keyed to the shaft,
Sleeves should be examined whenever the pump
is opened {or inspection or repair. The sleeves
must be properly fitted to the shaft to keep
water from leaking between the shaft and the
sleeves. If leakage does ocecur, a fiber or
asbestos washer must be [fitted between the
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Figure #-15. =Stuffing box on centrifugal pump.
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end of the sleeve and the shaft shoulder and all
clearances filled with white lead or red lead.

The outer surface of the sleeve must be kept
smooth and free from scores, in order to pre-
vent excessive wear of the packing., A sleeve
which is only slightly worn or scored should be
gsent to the shop for a finishing cut to smooth
the surface. A badly worn sleeve should be
réplaced,

Water flingers are fitted on shafts outboard
of the stuffing box glands to prevent water from
flowing along the shaft and entering the bearing
housing, The water flingers must be tightly
fitted to the shaft.

Inspection and Renewal of Wearing Rings

Most centrifugal pumps have both impeller
wearing ringg and casing wearing rings, similar
to thoge shown in figure 8-16, The smaller ring
fits over the hub of the impeller and turns with
it; the larger ring is stationary, being attached
to the casing and prevented from turning by the
semicircular flange or shoulder on one side,

WITH IMPELLER
WEARING RING

IMPELLER AND
CASING WEARING
RINGS

A close clearance must be maintained between
the two wearing rings in order to prevent
excessive leakage from the high pressure side
to the low pressure side of the impeller. Some
pumps have wearing rings only on the casing;
in this design, the close clearance mustbe main-
tained between the itmpeller itself and the casing
wearing ring.

Wearing ring clearance must be checked
frequently and must be maintained within the
specified tolerances. The allowable wear in
these rings wvaries according to the type of
pump and the service for which the pump ls
used. [ it isnecessaryioreplace wearing rings
{when clearances exceed the specified fipures)
the mamufacturer's instructions must be fol-
lowed carefully. Improper fitting of the wearing
rings or incorrect agsgembly of the pumpecanre-
sult in serious damage. On most ships, this job
can be done by the ship’s force but it requires
the complete disassembly of the pump, All
necessary information on disassembly of the
unit, dimensions of the wearing rings, and

reassembly of the pump can be found in the
manufacturer’s technical manual,

75.281X

Fipure 0-16. —Centrifugal pump impeller and wearing rings.
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Figure 9=17.—=Muin condenser circulating pump, showing
internal water-lubricated bearing.

than the oil film; however, lubrication still
plays an important part in the operation because
it dissipates heat and prevents corrosion. The
oil film also helps prevent foreign matter from
entering the bearing. Enoupgh grease or oil
should be supplied to provide a protective film
over the Dbearing parts; using an excessive
amount of lubricant will eausge it to churn and
the bearing will overheat.

When o roller or ball bearing [ails in serv-
iee, it must be renewed as it canmot be repaired.
The replacement bearing must be carefully in-
stalled if it i3 to give satisfactory service.

Replacing Pump Rotors

Pumps, like all machinery, intime, will need
overhauling, Much of the work on pumps involves
removing the rotor from the casing. To renew
wearing rings, bearings, packing, sleeves, or
impellers, the casing must be removed and the
rotor lifted out.

When the rotor parts are disassembled, the
shaft should be checked carefully, The journal
surfaces should be checked for burrs or nicks.
If a lathe is available, the shaft ean be swung
in the lathe, and with a dial indicator, it can
be determined whether the shaft {s bent or the
journals are out of round. The journal surfaces
can be measured with an outside micrometer
to determine whether there 18 wear. If the
journals are worn or out of round, they can be

205

built up and machined to the designed diameter,
at a repair activity. If the wearing rings are 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 the faces of the impeller and
the sleeves) when the rotor is reassembled,
The oil elearances of the journal and thrust
bearings, the running clearance of the wearing
rings, the clearance between the impeller and
diaphragm bushing, and clearance between the
shaft sleeve and stuffing box bushing should be
within the limits indicated inthe manufacturer’s
technical manual.

Before a rotor is lowered, it is necessary to
roll in the lower half of the journal bearings
and clean all foreign matter from the lower
half of the casing. A new parting [lange gasket
should be used to avoid leaks, as internal leaks
will lower the efficiency and maximum capacity
of the pump. Then the lifting gear should be
attached and the rotor lowered into the casing,
A check should be made to see thatall stationary
rotor parts (diaphragms, casing rings, and
stuffing box bushings) enter their respective
fits in the easing without binding. If force has to
be applied to the rotor parts so that they can
enter the casing, the rotor should be removed
and all parts checked for dirt and burrs,

When the rolor is in place, the upper half of
the casing should be lowered, The casing must
fit over the rotor easily, If it does not, the upper
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casing half 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 thrust bear-
ing should be assembled, the upper half of the
bearing placed in position, and the two halves
of each bolted together, The [lngers should be
adjusted so that they are close to the face of
the bearings, however, they MUST not rub.
Then the flinger setscrews are tightened, the
bearings closed up by placing the caps over
them, the bolts tightened, and a reading should
be taken on the thrust bearing clearance.

The pump shaft and turbine shaft MUST be
in correct alignment. For information on pump
alignment, refer either to the manufacturer's
technical manual for the specific pump or tothe
Bureau of Ships Technical Manual,

All water lines MUST be inplace and tightened
before attempting to align the unit, otherwize
tightening the lines may eause misalignment of
the unit, The stuffing boxes should be packed
with the proper packing; 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 undue binding or friction,
If all eonditions are satisfactory 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 operationuntil it has carried
the required load with the ship underway.

SAFETY PRECAUTIONS

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

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

2. Never attempt to jack over a pump by
hand while the steam walve to the pump is open
or while the power is on.

3. Do not tie down the overspeed trip, the
speed-limiting governor, or the speed-regula-
ting governor. Do not in any way attempt to
render these devices inoperable. Be sure that
speed=limiting and speed-regulating governors
are properly set,

4, Do not use any boiler feed system pump
for any service other than boiler or feed water
service, except in emergency.

ROTARY PUMPS

All rotary pumps work by means of rotating
parts which trap the liguid at the suction side
and foree it through the discharge outlet, Gears,
screws, lobes, vanes, and cam-and-plunger ar-
rangements are commonly used as the rotating
elements in rotary pumps. Rotary pumps, like
reciprocating pumps, operate on the positive-
displacement principle—that is, each rotationor
each stroke delivers a definite quantity of liquid.

Rotary pumps are particularly useful for
pumping oil and other heavy, viscous liquids, In
the fireroom this type of pump is used for fuel
oil service, fuel oil transfer, and lubricating oil
service, Rotary pumps are also used for non-
vigcous liguids, such aswater or gasoline, where
the pumping problem involves a high suction lift,

The power end of a rotary pump is 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 electric motor is
often used for in-port steaming or for steaming
at low firing rates. In addition, most f{irerooms
have a hand=driven fuel oil service pump which
can be used either for lghting off boilers ina
completely cold plant or for emergency fuel oil
service in the event of complete power failure
of the ship. A hand-driven fuel oil service pump
is shown in figure 9-18.

Rotary pumps are designed with very small
clearances between rotating parts, and between
rotating parts and stationary parts, in order to
minimize slippage from the discharge side back
to the suction gide. Rotary pumps are designed
to operate at relatively low speeds in order fo
maintain these clearances; operation at higher
speeds would cause erosion and excessive
wear, which would result in increased clear-
ances,

Classification of rotary pumps is generally
made according to the type of rotating element.
In the following paragraphs we will discuss
briefly the main features of gear pumps and
SCrew pumps.

The SIMPLE GEAR PUMP has two spur
gears which mesh together and revolve in op-
posite directions. One is the DRIVING GEAR,
and the other ig the DRIVEN GEAR. Clearances
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between the gear teeth and the casing and be-
tween the gear faces and the casing are only a
few thousandths of an inch. The action of the un-
meshing gears draws the liguid 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 the
teeth. On the discharpge side, the liquidis forced
out by the meshing of the gears.

The HERRINGBONE GEAR PUMP isamodi-
fication of the simple gear pump. In the her-
ringbone gear type, one geartype, onedischarge
phase begins before the previous discharge phase
is enfirely complete; and this overlapping tends
to pive a steadier discharge pressure than iz
found in the simple gear pump. The hand-driven
fuel 0il service pump shown in fipure 916 is a
herringbone gear pump. Power-driven pumps
of this type are sometimes used for low-pressure
fuel oil service, lubricating oil service, and
Diesel oil service,

The HELICAL GEAR PUMP is still another
modification of the simple gear pump, Because
of the helical gear design, the overlapping of
successive discharges from spaces between the
teeth is even greater than it is in the herring-
bone gear pump; and the discharge flow is, ac-
eordingly, even smoother, Since the discharge
flow is smooth in the helical gear pump, the
gears can be designed with a amall nomber of
teeth, thus allowing increased capacity without
sacrificing smoothness of flow,

The pumping gears in this type of pump are
driven by a sel of timing amnd driving gears,
which alsc function to maintain the regquired
close clearances while preventing actual metallie
aontact between the pumping gears. As a matter
of fact, metallic contact between the teeth of the
pimping gears would provide a tighter seal
against slippage; but it would cause rapid wear
of the teeth because foreign matter inthe pumped
liquid would be present on the contact surfaces.

HRoller bearing at both ends of the gear shafts
maintain proper alignment, and s0 minimize the
friction loss in the transmission of power.
Stuffing boxes are used to prevent leakape at the
shafts. The helical gear pump is used to pump
nonviscous liquids and light oils at high speed.
It can also be used to pump heavy, viscous ma-
terials at lower speed,

The LOBE-TYPE PUM P is still another vari-
ation of the simple gear pump. The lobes are
considerably larger than gear teeth, but there
are only two or three lobes on each rotor. The
rotors are driven by external spur gears on

38.104
Figure 9-18.—Hand-driven fuel oil
service pump.,

the rotor shafts, Some lobe pumps are made
with replaceable inserts (pibs) 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 inserts are usually seated on a spring, and
are thus able to automatieally compensate for
considerable wear of both the gibs and the cas-
ing., Replaceable cover plates (liner plates) are
fitted at each end of the casinp, where the lobe
faces cause heavy wear,

There are several types of SCREW PUMPS,
The main points of difference between the vari-
ous types are the number of intermeshing
screws and the pitch of the screws, ADOUBLE-
SCREW LOW-PITCH PUMP is shown in figure
9-19, This type of pump is widely used on board
ship as a fuel oil service pump. Figures 9-20,
9-21, and 9-22 show various viewsof a TRIPLE-
SCREW HIGH-PITCH PUMP,

In the screw pump, the liquid is trapped and
forced through the pump by the action of rotating
screws, Screw pumps have few moving parts
and no valves to pet out of order, They may have
two or three screws, and are divided into high-
and low-piteh types.

The triple-screw, high-pitch pump has three
screws or rotors that revolve within a close
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38.105X

Figure 9-19.—Double-serew low-pitch pump,

fitting housing. The power rotor, in the center,
is in mesh with, and drives, the two idling rotors
(idlers). As the rotor turns, the liquid flows in
between the threads at the outer end of each
pair of serews. The threads carry the liquid
along within the housing to the center of the
pump, where it is discharged.

ROTATING-PLUNGER PUMPES are used in
the naval service for the following applications:
fuel oil and Diesel oil service, fuel oil booster
and transfer serviee, fuel oil tank drains and
lubricating oil service,

Figure 9-23 illustrates the main operating
parts of the rotating plunger pump (sometimes
classified as a “‘cam-and-plunger?’ pump). The
plunger is shown in three positions, (1) to (3),
illustrating the pumping process, The main
body of the pump is a cyvlinder with the suction
port entering through the side, as shown, in the
upper left-hand corner. The drive shaft, con-
centric with the pump cvlinder, carries an ec-
centric strap which has a slightly smaller diam-
eter than the pump cylinder, Thiz eccentric
strap operates as a piston or “plunger.’’ The
eccentric arm plus the radius of the plunger is
equivalent to the radius of the eylinder less the
necessary operating clearances. Therefore, with
each revolution of the eccentric, the point of
nearest contact of the plunger on the cylinder
wall rotates completely around the cylinder.
Motion of the plunger about its own center is
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38.108
Figure 9-20,=Triple-screw high-pitch pump.

constrained by a hollow arm, or slide, which
extends from the plunger through a slot in the
top of the eylinder, and above that point, through
a slotted pin carried in a bearing which seals
the cylinder space from the discharge space.

Referring to (1) in figure 9-23 it may be
seen that liquid trapped in the right side of the
cylinder will be forced through the hollow arm
to the discharge line as the eccentric rotates
counterclockwise, View (2) shows the noxt phase
with the space on the left side opening, there-
by creating a vacuum which causes liguid to
flow in from the suction line. The next stage,
shown at (3), illustrates the discharge port, at
the bottom of the hollow arm, beginning to elose.
The discharge port is elosed by the slide pin,
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Figure 9-21.—Internal parts of a triple-screw high-piteh pump,

during the suction portion of the stroke, When
the eccentric turnsg slightly further, the point of
contact of the plunper on the cvlinder will pass
over the suction port and trap the 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 the shaft extends.

The MOVING-VANE TYPE PUMP, illus-
trated in figure 9-24, consists of a cylindrically
hored housing with a suction inlet on one side,
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and a discharge outlet on the other side, A cyl-
indrically shaped rotor of less diameter than
the evlinder is driven about anaxis placed above
the center line of the cylinder so that clearance
between the rotor and eylinder, at the top, is
small, and is at a maximum at the bottom.

The rotor carries vanes which move in and
cut as it rotates to maintain sealed spaces be-
tween the rotor and the eylinder wall, The vanes
trap liquid on the suction side and earry it to
the discharge side where contraction of the
space expels liguid through the discharge line,
The vanes may swing on pivots, as shown in the
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Figure 9-22.—Cutaway view of triple-zerew
high-pitch pump.

illustration, or they may slide in slots in the
rotor. This tvpe of pump, as well as other vane-
tvpe pumps, is used for lubricating oil service
and transfer, and in general for handling lighter
viscous liguids.

USAGE IN NAVAL SERVICE

Positive displacement rotary pumps have
largely supplanted reciprocating pumps for
pumping all viseous liguid, They are also used
for gasoline or other low vizcosity volatile
liguid where a high suction lift i required.
Rotary pumps are suitable for handling liguid
over a wide range of viscosities. The power re-
guired increagses with the viscosity due to the
increased friction within the pump. The speed
of the pump should be reduced when handling
inecreased wviscositieg so that the rotors are
allowed sufficient time to fill. Rotary pumps
are not suitable for handling corrosive liguids
ot lifguids containing abrasgive solids,

Rotary pumps are used by the Navy for the

following types of services:

. Boiler fuel oil.

Fuel oil booster and transfer.
Diesel oil and transfer,

Fuel oil tank draining.
Lubricating oil and transfer.

Fuel oil, gasoline, or water cargo.
. 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 the lobe-type pump, are
not suited for high pressure fuel oil service be-
cause of their larger rotors. The large rotors
cause excessive shaft deflectionand heavy bear-
ing loads,

Two tvpes of in port fuel oil service pumps
are in current use. Most combatant ships have
motor-driven, axial piston pumps installed.
Thig type of pump is designed to operate with
varying capacity at constant motor and pump
speed. This i8 accomplished by means of a con-
stant pressure governor which adjusts the stroke
mechaniem in response to the burner demand,
This control is usually augmented by a manually
operated capacity confrol. Some ships are
equipped with pumps of a constant delivery
type, These pumps are similar to those used for
main fuel oil service.

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

Most of the punps previously described are
suitable for diesel oil service. Gear pumps are
often used for this service due to their economy
of space and weipght.

Main lubricating oil pumps for surface ships
are subjected to severe aperating 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-
murm capacity repardless of the operating
conditions. The pumping of these air-oil
mixtures results in pulsating discharge pres-
sures and vibration of the pump and the pip-
ing, Screw-type rotary pumps are used for this
service.

Pumps uged for carpgo stripping must main-
tain a suetion 1iff, or act ag a continuous prim-
ing pump for the centrifugal main cargo pumps.
Vane pumps, similar to that illustrated in fig-
ure 9-24, are used for this service.

S @ e o
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Fipure 9-23.—-0Operating parts of the rotating plunger pump.

OPERATING TROUBLES

The operating instructions for rotary pumps
can be obtulned from either Chapter 9470 (47)
of the Bureau of Ships Technical Manual or the
mamifacturer's technical manual for the spe-
cific unit, Some rotary pump operating troubles
and causes are considered in the paragraphs
which follow,

Pump Fails to Deliver Liquid

Sometimes a rotary pump [ails to deliver
liguid or delivers some liguid but is unable to
reach the required capacity, A pump may de-
liver liquid for a while and then lose suction or

anm

fail to deliver. Under some conditions, a rotary
pump will require excessive power in order fo
operate at the proper capacity, If any of these
troubles occur, or if the pump operates at ade-
guate eapacity but isnoisy inoperation, the pump
should be stopped as soon as practieable and the
source of the trouble located. Some common
causes of faulty operation in rotary pumps are
discussed here.

Insufficient Priming

Rotary pumps are generally self priming.
However, a pump operating under a high suction
lift may become air-bound or vapor-hound and
may not be able to prime itself.
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Fipure 0-24, —Mowving vane type pump,

Clogged Suction or Discharge Lines

All valves in the suction and discharge lines
should be checked to be sure they are open, A
check should be made to gee if a broken valve
spring or a detached or damaged valve disk is
causing the trouble. The suction strainer (if
fitted) should be checked to be sure it is not
clogzed.

Alr Leakage

Air leakage into the suction side of the pump
or into any part of the suectionpipinzor the suc-
tion manifold will cause improper operation of
the pump. The pump stuffing box and the packing
on all valve stems in the suction line and suc-
tion manifold should be checked to ensure that
air is not leaking into the suection side of the
system. The end of the suction pipe must be
properly submerged in the liguid supply.

Vapor Or Air Lock

Excessive suction lift or excessive tempera-
ture of the pumped liguid may cause partial

vaporization of the liguid and thereby ecause
vapor lock in the suction piping. Vapor lock is
most likely to oecur in long suction lines that
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 has
been heated, Vapor lock is indicated by noisy
operation and by pounding in the pump. To
remedy 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 shift should be made back to
the oripinal tank, and the pump operated slowly,
Reducing the speed of a rotary pump may help
to prevent the development of vapor lock.

Entrained Gas

Air or other gas which is entrained in the
liguid being pumped affects the eapaeity of the
pump even at zero suction lift; and, as the pres-
sure in the suction line decreases, the effects
of entrained gas become even more pronounced.
Entrained gas causes the same kind of noisy
operation and pounding in the pump as is caused
by wvapor lock. Reducing the speed of the pump
or heating the oil being pumped may help fo
remedy the situation.

It should be noted that air or other gas which
is dissolved in the pumped liquid does not affect
the capacity of the pump at zero suction lift. As
the pressure in the suction line decreases, how-
ever, the dissolved gas is freed from the liguid
and thereby becomes entrained,

—
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Fipure 9-25,—Type of piping arrangement
likely to cause vapor lock.
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Excegsive Vigcosity

If the liguid being pumped is too heavy or too
viscous for the design of the pump, an exces-
sive amount of power will be required to operate
the unit. To correct thizs trouble, the viscosity
of the pumped liquid should be reduced 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.

Mechanical Defects

There are a number of mechanical defeets
which may cause serious operating difficulties
in rotary pumps, If a pump does not operate
properly, it should be checked for misalignment,
tight packing, binding of the rotors, a bent shaft,
an improperly adjusted relief valve, and other
defects,

Additional information concerning operating
difficulties can be obtained firom the manufac-
turer’s technical manual for the specific pump
installation,

MAINTENANCE AND REPAIR

The information in this section is supple-
mentary to that given earlier in the chapter.
For more detailed information concerning any
particular unit, consult the manufacturer’s tech-
nical manual.

Shaft Packing

The triple-screw high-pitch rotary pump,
which is widely used in the Navy, has only one
stuffing box. It is located in the upper easing
head and is subjeet only to suction pressure.
An external pipe connects the pump discharge
and the stuffing 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 liguid
seal line is factory adjusted to provide the cor-
rect amount of oil flow. The adjustment of this
valve should NOT be changed. If the setting is
disturbed, the valve should be reset so as to
allow n slight leakoff from the gland when the
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pump is operating under the conditions for which
it was designed, with the packing in good shape
and the gland stud nuts tightened just enouph to
geat the packing firmly. Under no circumstances
should the pump be operated with this valve
closed,

The procedure for repacking the stuffing box
is the same as the preocedure for repacking
stuffing boxes on centrifugal pamps.

In addition to stuffing box type packing, the
packing around the shafts of rotary pumps may
be of the labyrinth type, the rotary seal tvpe,
or a combination of these types. If the shaft
packing ig not supplied with sealing and lubri-
cating liquid, the packing will become hot 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 eylinder liners should
be maintained as shown on manufacturers’
plans. On a low pressure, low suction Lift pump,
such as lubricating oil, diesel oil supply, and
tank drain pumps, the dropin pressure across
the clearance spaces does not usually excead 50
p=si, and the elearance 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 the case
of fuel oil tank drain pumps, until the pump will
not pull a vacuum of at least 16 inches mercury
with the suction wvalve closed. The engineer
officer should decide in each case whether or
not the amount of wear of clearance parts dic-
tates renewal. For boiler fuel oil service pumps,
however, the effect of increased clearance makes
itself felt by reductionin the efficiency and in the
maximum capacity of the pump, For thig class
of service the wearing parts should be renewed
when the clearances exceed the designed clear-
ances shown on manufacturer’s plans by about
100 percent,

Whenever the pump casing is opened, the
clearance between the casing liners and plates,
and various parts of the rotors and shaft, should
be measured to see if excessive wear has taken
place and if renewal isnecessary, If the bearings
are worn excessively, it will be necessary 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 reguired oil clearances for bearings
is usually given on the manuwfacturers’ plans,
In the absence of such data, 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 rotor 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 asthe shafts make a complete revo-
Iution, Therefore, no lost motion is permissible
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in way of keys or pins holding the rotors and
gears in position on the shafts,

SAFETY PRECAUTIONS

The following precautions must be observed
in the operation of rotary pumps:

1. See that all relief valves are testedatthe
appropriate intervals. Be sure that relief valves
function at the designated pressures,

2, Never attempt to jack over a pump by
hand while the steam or power is on.

3. Do not tie down the overspeed trip, the
gpeed-limiting povernor, 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,



CHAPTER 10

HEAT EXCHANGERS AND RELATED EQUIPMENT

Anv device or apparatus designedtoallow the
lransfer of heat from one fluid (liguid or gas) to
another is a heat exchanger, Boilers, distilling
plants, and deaerating feed tanks are primary
examples of heat exchangers; however, these
large and relatively complex pieces of equip-
ment are seldom referred to as heat exchang-
Ers.

In order for heat to be transferred from one
substance to another, atemperature difference is
required. Heat flow or heat transfer can oceur
only from a substance that is at a higher tem-
perature to a substance that is at a lower tem-
perature, When two objects at different tempera-
tures are placed in contact with each other, or
near each other, heat will flow fromthe warmer
object to the cooler one until both objects are at
the same temperature, Heattransfer occursata
fasier rate when there is a large temperature
difference than when there is only a slight
temperature difference. As thetemperature dif-
ference approaches zerq, the rate of heat flow
also approaches zero.

In some heat exchangers it is desired to
RAISE THE TEMPERATURE of one fluid. Fuel
il heaters, combustion air preheaters, lube oil
heaters, and many other heat exchangers used on
hoard ship gerve this function.

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

In condengerg, LATENT HEAT MUST EBE
REMOVED from a fluid in order to make it
change from a gas to a ligquid. Very often, it is
necessary to remove the latent heat without
removing any sensible heat —that is, it is desired
to change the state of the fluid but not to lower
its temperature. For example, the purpose of the
main ¢ondenser 18 to remove the latent heat
from the turbine exhaust steam 2o that the steam
will condense. In this process, however, it is

NOT desired to lower the temperature of the
condensate, Since any heat removed [rom the
condensate must be replaced in the deaerating
feed tank or in the boilers, lowering the tem-
perature of the condensate is wasteful of heat
and therefore wasteful of fuel.

In some heat exchangers, LATENT HEAT
MUST BE ADDED to a fluid in order to make it
change from a ligquid to a gas. The generafting
part of a boiler is a good example of this type of
heat exchanger. 3ince 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 until it has been drawn off intoanother
heat exchanger (the superheater).

Thig chapter deals with the important heat
exchangers and associated equipment located in
the engineroom. This group of equipment includes
the main and auxiliary condensers, the air
gjectors, and thedeaerating feed tanks. Informa-
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 fipure 10-1. There are two separate
circuits involved in the condensation of steam
in a condenser of this type. The first is the
vapor-condensate circuit, in which the steam
exhausted from the turbine entersthe condenser
at the top of the shell and comes into contact
with the outside surfaces of the condenser tubes.
The latent heat of the steam iz transferred
through the tube wallg to the sea water that is
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Figure 10-1.=8chematic arrangement of a main condensing system.

flowing inside the fubes. As its latent heat of
vaporization is removed, the steam condenses

on the tube surfaces, The condensate then falls
to the bottom of the condenser and drains into
the hot well, from which It is removed by the
condensate pump. Air and other noncondensable
gases which enter with the exhaust steam are
drawn off by the air gjector through an AIR
EJECTOR SUCTION OPENING in the shell, above
the condensate level. The second cirvcuit in the
condenser is the cooling water circuit. During
normal ahead operation, sea water flow through
the condenser is provided automatically by
means of the INJECTION SCOOFP, The scoop is
located below the waterline, and the forward mo-
tion of the ship (5 knots or above) causes sea
water to flow through the condenser. STRAINER
BARS are installed in the sea chestto strain out
debris which could foul the piping and the con-
denser tubes. The injection and overboard dis-
charge lines are provided with expansion joints
to prevent undue strains as a result of either
change in femperature or working of the hull.

A main CIRCULATING PUMP provides a
flow of water through the condenser at times
when scoop injection is inadequate—as, for
example, when a ship is stopped, backing down,
or moving ahead at 3 very slow speed. A
large SWING-CHECK VALVE OR NONRETURN
VALVE, which prevents backflow of water, is

installed in the main injection line; another one
is installed in the main ecirculating pump dis-
charge line. When water is flowing into the con-
denser through the main injection line, the
nonreturn valve in the main circulating pump
discharge line prevents the bacldlow of water
through the pump. When the circulating pump is
in aperation, the nonreturn valve in the main
injoction line prevents backflow of water through
that line.

The main eirculating 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 [looding of
the engineroont.

Main condensger eirculating pumps (provided
with bilge suction connections) generally con-
gtitute the largest potential capacity available for
pumping engineroom bilges; it is important that
responsible personnel know how to makeneces-
sary connections to these suctions in an emer-
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
bilze suction capacity.

To ensure proper maintenance of a con-
denser, there are certain installation and con-
struction features which you should understand.
Modern installation practice is to suspend the
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condenser from the turbine rather than to have
the condenger support the turbine. This allows
for a greatly reduced weight, and makes it un-
necessary to use an expansion joint between the
turbine and the condenser.

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

A main condenser may contain from 2,000 to
10,000 copper-nickle alloy tubes, usually of 5/ 8-
inch diameter. The length of the tubes and the
number of tubes depend upon the size of the
condenser; the size depends upon the capacity
requirements, The tube ends are 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
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IMPINGEMENT BAFFLE
TUBE SUFPORT
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into the tube sheet. Condensers having tubes
ferruled into each tube sheet are found in some
older ships.

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

Various methods of eonstruetion are uged to
provide for relative expansion and contraction of
the shell and tubes in main condensers. Packing
the tubes at the outlet end i sometimes suffi-
cient. Where the tubes are expanded into each
tube sheet, the shell may have an expansion joint,
In some condensers the tubes are arranged to
bow upward about one-half inch at the middle;
thig provides for expansion and contraction and
also makes it easier to drainthe tubes. On some
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Figure 10-2. —Cutaway view of a main condenser.
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installations, aflexible 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 is condensed on the tubes, the
condensate drips down and collects on a receiving
tray. Because of the arrangements made for
steam flow in a main condenser, some steam
flows down through the steam lane between the
the tube bundles and under the tube bundle where
it reheats the condensate. From the receiving
tray, the condensate drainstothe hot well, where
the condensate pump takes suction.

Main condensers have various internal baffle
arrangements for the purpose of separating air
and steam so that the air ejectors will not be
overloaded by having to pump large quantities of
steam with the alr. 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 crosgs-sectional view of a typical
condenser.,

AlR OFFTAKE CROS3OYER PIPES
(IH EXHAUST OPEMING STRUTS)

I

Additional information on specific construc-
tion features of main condensers is 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 should be
rerulated in accordance with information given
in chapter 9460 (468) 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 tothe operation of
single-pass main condensers should be Kept in
mind. The first is that the OVERBOARD TEM-
PERATURE should be about 107 higher than the
INJECTION TEMPERATURE. The second rule
iz that the condensgate dizgcharge temperature,
should be within afew degrees of the temperature
corresponding to the wvacuum in the condenser.
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Figure 10-3. —Cross-sectional view of a typical condenser.
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The accompanying chart lists vacuums (based on
a 30,00-inch barometer] and corresponding
temperatures.
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Seoop injection svstems are desipned to pro-
vide a sufficient amount of cooling water at
speeds of § knots and abowve, with the injection
and overboard valves wide open, Ordinarilyit is
not necessary to control the cireulating water
flow by throttling the wvalves. If throttling be-
comes necessary because the ship is in cold
waters or because of other unusual operating
conditions, the proper valve to use is the over-
board wvalve; the valve should never be more
than three-fourths closed, Using the inlet valve
to throttle the flow of circulating water would
cause turbulence and consequent erosion of
the tubes.

If the condenser vacuum is not as high as it
should be in relation to the condenser load and
the cooling water overboard temperature, some
part of the condensing system is not functioning
properly. You may find, for example, that the
air ¢jectors are not properly removing air from
the condenser, that the condensate pump is not
keeping the right condensate level, or thatthere
ig an air leak in the condenser orin some other
part of the system under vacuum.

The condensate level should be kept as low as
possible. It should not rise into the condenser
shell. Allowing the level to rise slightly higher
than the top of the hot well causes the condensate
temperature to be lower than normal because the
path for the flow of reheating steam is partially
blocked by the condensate. (Reheating steam is
the steam which enters the hot well by way of the
central steam lane. The central steam lane
extends completely through the tube bundle and
provides for longitudinal distribution of steam
from the exhaust inlet directly to the eondenser

hot well.) If the condensate level is allowed to
rise to the bottom row of tubes, the flow of
reheating steam is further restricted, causing
an even greater dropin condensate temperature.
At this point, also, the high condensate level
beging interferring with the Mow of air toward
the air removal areas, thus causing a gradual
loss of vacuum, A rapid loss of vacuuimn, accom-
panied by a rapid increase in condenser shell
temperature and exhaust trunk temperature,
results if the condensate level risestothe lower
end of the air baffles. This results not only
because air removal ceases but also because a
large part of the tube bundle is submerged and
not available for eooling and condensing the
incoming steam. If the condensate level rises
and cannot be brought down to normal imme-
diately by speeding up the condensate pump or by
cutting in an additional pump, the speed of the
main engine must be reduced to avold serious
damage to the engine and condenser.

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

Cauges of insufficient circulating water are:

1. Condenser tubes clogged with foreign
matter such as fish, seaweed, or mud,

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

3. Injection or overboard valves not properly
adjusted.

4. Inefficient or inoperative cireulating
pump.

5. Obstructed air vents (condenser vapor
Bound).

6. Faulty nonreturn valves in scoop injection
lines or in main circulating pump discharge linezs,

Steam or air connections are provided to
clear foreign matter from sea chests, Some-
times, however, thick aceumulations of marine
growth on or around sea valve openings cannot
be blown clear. When maximum pressure failsto
clear a strainer, the obstruction must be re-
maoved by a diver,

Air vents must be kept open under all op-
erating conditions where air is vented overboard
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
air-binding. Vents that are piped to the bilges
should be kept slightly open at all times when the
condensger is in use. Aslonzasatrickle of water
escapes, the unit will not become air bound and
the circulating water flow will not be cbstructed.

Auxiliary condensers (units into whichturbo-
generators exhaust) operate on the same prin-
ciple as main condensers. In an auxiliary con-
denser, however, the cooling water is pumped
through the condenser at all times instead of
being scoop injected. Also, most auxiliary con-

GENERATOR TURBINE
EXHAUST INLET

RECIRCULATING CONMECTION

EXPANSION JOINT 5
CONDENSATE PUMP VENT
AIR EJECTOR SUCTION
EVAPORATOR DRAIN

MAKE UP CONNECTION

FEED WATER

DRAIN TANK VENT WATER INLET

densers are of 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 discharge
chamber. In other construction features, includ-
ing the metals used, auxiliary condensers are
gimilar to main condensers.

Auxiliary exhaust steam, beyond that required
for units such as the deaerating feed tank and
the distilling plants, may be directed either to
the auxiliary condenser or to the main condenser.
In port, the auxiliary exhaust goes only to the
auxiliary condenser. When getting underway, the

CONDENSATE OUTLET
RELIEF VALVE
2« CONNECTION

WATER
OUTLET

THERMOMETER
CONNECTION

47.71

Figure 10-4, —Auxiliary condenser (turbogenerator).
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exhaust goes to the auxiliary condenser until
vacuum in the main condenser is sufficiently
high.

Vacuum Repulation

Compared with the number of casualtles that
oeeur to some units of naval machinery, rela-
tively few cagualties occur to main condensers.
The most frequent casualty to a main condenser
is a reduction in vacuum. Inadequate vacuum or
any other casualty to a main condenser will
result in [ailure of the propulsion turbines to
produce full power or in complete failure of the
main engines. Condensers should be operatedto
obtain a vacuum in accordance with design re-
guirements and to obtain maximum service life
and reliability of the equipment,

Under normal operating conditions, con-
densers [itted with scoop injection should be
operated to malntain the maximum vacuum ob-
tainable and with the main injection and over-
board wvalves wide open, except under the
following conditions.

When making full power or speeds closely
approaching full 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 pressure turbine. In the
average installation, as the FULL POWER
vacuum becomes higher than about one inch of
mercury abhove the vacuum for which the low
pressure turbine was desizned, the extra steam
that is required to heat the condensate will out-
weigh the added economy of turbine operation
that is gainedby the higher vacuum. The designed
full power vacuum for 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 of about 27 1/2 inches of mercury. If
the injection temperature becomes low enough so
that the full power vacuum tends to increase
above 28 1/2 inches of mercury, the overall
plant economy may be improved by using the
overboard discharge valve to throttle the flow
of eirculating water to limit the wacuum to
28 1/2 inches of mercury.

When operating at cruising speeds, the tur-
bines can generally make effective use of the
maximum vacuum which the condensing plant is
capable of maintaining. However, with cold injec-
tion at low power, the condenser hecomes
capable of producing a vacuum higher than that
produced during normal operating conditions.

Under standby conditions when very little steam
is being discharged to the condenser, most
installations fitted with properly functioning air
ejectors will produce a maximum vacuum of
approximately 29 1/2 inches of mercury, with
COLD injection temperature.

Asg the condenser vacuum approaches the
maximum, when cruising at low or medium
power, and with cold injection temperature, the
air removal equipment tends to become unable
to free the condenger of normal air leakape. The
air collects in the condenser, and tends fo
insulate the tubes from the condensing steam and
to settle in the hot well; and there is usually a
noticeable increase inthe condensate depression
(difference between the temperature of the con-
densate discharge and the temperature corre-
sponding to the vacuum maintained). To avoid the
loss of economy and the absorption of air into
the condensate under these conditions, it is 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 flow of circulating water, or as
necessary to reduce the condensate depression
to normal.

Under low power operations at medium in-
jection temperature, if the condensate depression
remains between 0 and 27, it may be assumed
that the air removal equipment is ridding the
condenser of alr, and therefore throttling the
circulating water is unnecessary,

Circulating Water Control

When the overboard discharge (gate) valves
in the circulating water piping are used to regu-
late the water flow through the condenser, these
valves should be kept at least 1/4 open. I a gate
valve used for throttling is closed more than 3/4,
the gate is likely to pound against the seat rings
and damage the valve sothat it will not be water-
tight when closed. Some erosion of the valve gate
and geating rings may take place if valves are
continually used for throttling. Whenever a ship
is drydocked, a careful inspection of injection
and overboard wvalves should be made in order
that the valves may be kept in good working
condition and watertight.

Ii, while an overboard walve is throttled, a
sudden increase in power isneeded, a slight lnss
in vacuum will occur but the loss will not usually
be serious and can be corrected by opening the
overboard 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 oceurs in a condenser, it meansthat the
units of machinery exhausting intothe condenser
are out of commission. Maintaining proper
vacuum is one of the more important duties of
engineroom watchstanders. 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:

Adr leakage into a condenser decreasses the
vacuum obtainable and increases the condensate
depression. If air leakage becomes excessive,
the units of machinery exhausting into the con-
denser will have to be gecured,.

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 for invarious ways. One method
is by filling the condenser and the connected
piping which is normally under wacuum, with
fresh water—then using compressed air, tobuild
up pressure of 5 to 10 psig inthe turbine casing
and checking the condenser and piping for water
leaks. A water leak indicates an alr leak,

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

A more reliable method of locating leaks is
to apply soapsuds to areas where leaks aresus-
pected. The goapsuds solution should be prepared
g0 that it has the consistency of liguid hand soap
and will work up lather on abrush. (NOTE: The
system must be under pressure.] The lather
should be applied all the way around the joints,
then the joints should be carefully checlked for
bubbles; doubtful spots should be lathered a
second time.

Another method of testing a vacuum sgystem
for leaks is by using the air test, If the test is 1o
be conducted on amain condenser, the procedure
iz as follows:

Start a lube oil service pump; engage and
start the turning gear. Cut in gland sealing steam
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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.
Thig method is more effective if all the vents
and machinery in the engineroom, except the
lube oil pump and turning gear, can be secured,
gince this method depends entirely on detecting
the sound of air escaping.

When testing for air leaks, all places where
it i=s 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 under anv operating
conditions.

Leaks at flanged joints and in porous castings
cant usually be stopped with an application of
shellac when the condenser is under vacuum. If
shellac is used, this should be considered a
temporary repair—and permanent repairs
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 suspected of
leaking, it can, Ih most installations, be tested
in place. Most shell relief valves are fitted with
a amall gage glass to permit introduction of
water above the disk as a test for tightness.

MAINTENANCE

Heat exchanpers and asszoclated equipment
ghould be periodically inspected to ensure that
they are operating efficiently. Preventive main-
tenance i8 much more economical than cor-
rective maintenance.

Inspecting and Cleaning Condensers

TUnder 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 quarter 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 wherethere arelarge amounts
of seaweed, schools of small fish, or large
amounts of oil. When any of these conditions
oceur, the condenser should be opened for
inspection and cleaning.
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The sea water side of condensers must be
carefully maintained to prevent failures due to
deposits on tubes and alsoto prevent loss of heat
transfer due to accumulations of these deposita.
The sea water sides of condensers must be
inapected 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 ig drained.

4, Before initial sea trials and hefore full
power trials.

5. After an extended cruise.

Before opening the salt water side of a con-
denger, read and observe all precautions listed
in this chapter and in chapter 9460 (46) of the
Burcau of Ships Technical Manual.

Some of the more important condenser parts
which require pericdic inspection and cleaning
are zincs, tubes, and steam =ides.

ZINCS —If digsimilar meftals immersed Inan

electrolyte {such as =alt water) are connected,”

a simple galvanie cell is formed and an electric
current flows from one metal to the other
through the electrolyte. The metal from which
the current is flowing to the electrolyte willtend
to corrode rapidly, and the metal to which 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 hawve all the requirements of a
simple galvanie cell, electrolytic action willtake
place. This action cannot be stopped, but the
metal parts of the condenser canbe protected by
using zines. Because of its characteristics, zinc
will cause the electrie current to flow from the
zinc plates tothe metallic parts of the condenger,
The effect of the electrolytic action will be to
gradually destroy the zincs, but they can easily
be replaced.

Aines 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 5O
percent destroyed.

A casual inspection of a badly sealed zing,
especially while it is still wet, may lead per-
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sonnel to believe that zine metal instead of scale
is exposed, The zinc, even though it appears to
be in good condition, should be tested with a
chipping hammer to learn the true condition of
the zinc metal. Whenever zincs areinspected or
cleaned, the condition of the metallic contact
between the zine and its support should be
checked. Figure 10-5 illustrates how a badly
sealed zine plate appears before and after the
cleaning process.

WATERSIDE —Deposites which lodge 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 foreizn
matter which lodge in the tube, cause corrosion
pits to start under the particles. Once a pit is
started, it will widen anddeepen, eventhoughthe
foreign matter is removed. Larger particles or
such foreipn matter as stones, shells, metal, and
wood, will result in the formation of corrosion
pite where the foreign matter touches the tube
surface, and will cause anincrease invelocity of
the sea water (flowing past the obstruetion) which

47.72
Figure 10-5.—Badly scored zine plate.
A, Before being cleaned.
B. After being cleaned.
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will result in breaking down the protective film
on the tube,

The resistance of condenser tubes to cor-
rogion depends on a thin, adherent, continuous
film of corrosion products on the surface ex-
posed to sea water; therefore, extreme care
must be taken when eleaning the tubes notto use
abrasive tools capable of marring or soratching
the surface of the tube, Wire brushes or rubher
plugs having metal parts should never be used
inside condenser tubes. Any scratch or 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 manner as occurs when [oreign
matter lodzes on the tube surface, Anyeleaning
equipment must be carefully used to avoid
damaging the protective film, which will cause
tube failures.

For ordinary cleaning, an air lance should he
pushed through each tube, the tube sheets should
be washed clean, 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 re-
move foreign matter, In installations wherethere
is extreme fouling, a rotating bristle should he
run through 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 types of rubber
pluzs used for cleaning condenser tubes.

STEAM SIDE—Whenever the manhole plates
are removed from the low pressure furbine for
inspection or maintenance, the steam side of the
tubes should be inspected. The cntire steam side
ghould be checked for grease and divt, I prease
and dirt are found, they can be removed by boiling
out the condenser, using a solution of boiler
compound. Normally, condensers which serve

RUBBER PLUG

FRAMELIM
RUBEER PLUG

RUBBER PLUG
WITH FAERIC BEACKING

45.73
Figure 10-6, —Types of rubber pluss used for
cleaning condenser tubes.

turbines should not reguire boiling out more
frequently than once every 2 or 3 years. In-
structions for the boiling out process may be
found in chapter 9460 (46} of the Bureauof Ships
Tecehnical Manual,

Tube Leakape

Any tube leakape, however slicht, will cause
serious damage if neglected. The condensate
system will become contaminated and this will
result in serious damage to the boiler tubes. It
is not vnusual for a newly tubed condenser to
develop leaks due to defective tubes or tube
sheets, or to improper installation. However, if
the defects are corrected, the condenser will
oive yvears of satisfactory service.

The most common cauge of tube leakape is
deterioration which starts at the sea water side
of the tube and proceeds through the tubewall to
the sgteam side. However, leakage may also
be caused by deterioration starting at the fresh
water side of the tube wall, by a defective joint
between the tube and tube sheet, or by cracking
of the tube wall or tube sheet.

IMPINGEMENT EROSION—Sea water flowing
into the condenser tubes at high velocity tendsto
remove the thin protective [ilm of corrosion
products adhering to the fube walls, This pro-
tective film is replaced at the expense of further
corrosion of the tube wall., Asthe protectivefilm
iz continually remowed and is replaced by cor-
rosion products, the fube wall is gradually
thinned and the joint between the tube and the
tube sheet is wealcened, so that asalt water leak
ultimately cccurs, throuch the failure of the tube
joint or by perforation of the tube wall beyond
the tube sheet. This type of attuck is generally
continued to the rerion of the tube at or near the
inlet end and is known as impinrement erosion,
inlet end attack, or bubble attack. The occurrence
and rapidity of the attack is influenced mainly by
water welocity 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 rvesulting from impinge-
ment erosion of the tube ends can bhe minimized
by proper resulation of circulating waler through
condensers and by proper venting of water
chests,

Figure 10-7 shows a tube which has been
badly damaged at the inlet end by impingement
erosion,
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Figure 10-7.-=Tube damaged by impingement erosion.

If wet steam is permiited to impinge oncon-
denser tubes at 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 sea water into the condensate.
Baifles or distribution pipes are installed within
the condenser shell to prevent direct impinge-
ment of water and steam from the auxiliary
exhaust line, the recirculating line, and the
makeup feed line.

These baffles must be installed in such away
that they do not touch the tubes, since vibration
will cause tube failure. If frequent tube leaks
pecur in the vieinity of a steam or water con-
nection to the condenser shell, it is evidence that
the ballling system is defective or that the plant
iz not being operated properly,

In order to prevent tube erosion from auxil-
fary exhaust lines, it is essential that the line
be continuously and thoroughly drained, Before
shifting the auxiliary exhaust to a condenser, all
drain valves on the exhaust line should be opened
and every precaution taken to ensure that the
exhaust line is drained properly. If there is a
pocket in the exhaust line which will allow con-
densate to collect, a drain should be installed
to ensure complete drainage of the auxiliary
exhaust line,

TESTING FOR LEAKS—Several methods for
testing a condenser for tube leakapge are de-

geribed In chapter 9460 (46) of the Bureau of

Ships Technical Manual. The most common
method 18 as [ollows:

1. Drain the salt water side of the main
condenger and remove the manhole plates.

2. Ventilate the condenser.

3. Wash the waterbox, tube sheets, and
tubes, and dry them by using compressed air.

4. Fill the steam side of the condenser with
water of feed water quality, being careful not to
flood the low pressure turbine.

5. Inspect the tube ends, since atthispointa
large leak may be detected.

6. If the detected leak is small, anair pres-
sure of about 5 psig may be applied to the steam
side of the condenser. (The test pressure must
NEVER exceed 15 paig.)

7. Even If a leak is detected, continue the
test, There may be more than one leak. CAUTION:
Before starting any test procedures, review the
"PRECAUTIONS TO. BE OBSERVED WHEN
TESTING OR CLEANING CONDENSERS'! Eiven
in chapter 9460 (46) of the Bureau of Ships
Technical Manual and these siven later in this
chapter.

Salt water leaks into the condensate system
cannot always be detected by the use of salinity
indicators (mentioned in chapter 11) alone, The
first indication of a salt water leak may be a
choride buildup in the boiler or inthe condenser
hot well when there iz no flow of eondensate
through the condenser.
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PLUGGING TUBES.—Main condenser tubes
that fail in serviee shauld be pluggedat eacl end
with the type of fube plugs originally furnished
by the manufacturer of the econdenser. The
manufacturer’s instructions should be followed
in plugging condenser tubes. Plugs should be
driven firmly into the tube endsby light hammer
blows, If a metal plug is used to plug tube sheet
holes after a tube has been removed, a short
section of tube should be installed al each end
and expanded nto 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 tubes should be rerolled or re-
packed rather than plugged.

When several tube leaks oceur close together
and in such a location that steam-side erosion
may be suspected as the cause of trouble, steel
rods should be inserted into the damaged tubes
before ends are plugged, These rods will serve
as a sort of balfle or shield to protecl adjacent
tubes [rom similar damage from erosion. The
steel rods should be slightly smaller in diameter
than the tubes, In order to minimize lengthwise
working of the rods, that would tend to loosen
the plugs, rods should be installed in the follow-
ing way:

1. Cut each rod so that it isaslong as it can
be without interfering with the tube plugs.

2. Cut two or three grooves in each end of
the rod. The grooves should start about 2 inches
from the end, and should be spaced about 1 inch
apart. They should be deep enough and wide
enouzh to take a standard condenser tube fiber
packing ring.

3. Cut a segment from one fiber packing
ring for each groove in the rod. Cut the packing
ring in such away that when the ends are brought
together the resulting ring will fill a groove in
the steel rod and make a snug fit in the tube,

4. hsert the rods, together with the packing
rings, in the tubes that are tobe plugged. Center
the rods properly; spray the packing with fresh
water so that it will swell; and then plug the
tube ends.

Main ¢ondenser tubes that have been plugged
should be renewed at the first naval shipyard
availability if the water chests are to be re-
moved for other work. If more than 10 percent
of the tubes are plugged, a retubing request
should be submitted, via the tvpe commander, to
the Naval Ship Systems Command. Tubes that
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have had steel rods inserted to protect other
tubes against erosion should NOT he replaced
unless the cause of the erozion has been found
and corrected.

Retubing Condensers

Because of modern materials and manufac -
turing methods, condensers seldom need re-
fubing. When they do, special tools and equip-
ment are necessary, and the work is performed
by tenders, repair ships, or a shipyard.

In general, specimen tubes should not be
drawn from a condenser or heal exchanger, lor
examination purposes, except when removal is
aspecifically directed by the Naval Ship Svatems
Command, or by a Board of Inspection and
Survey. However, tubes MAY be drawn without
authorization from the Naval Ship Systems
Command, under the following conditions:

1. When frequent leaks have been caused by
tube failures, specimen tubes should be drawn
from widely separated parts of the unit in order
to establish the general condition of the tubes,

2, When several tubes have failed in the
vicinity of a steam or water inlet to the con-
denser shell, specimen tubes should be drawn
unlesg the cause of the failure can be deter-
mined by wvisual inspection of the steam sgide
of the unit.

Samples from the most badly deteriorated
tubes should be carefully marked to show the top
and the boltom 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 the length of the
tube, split lengthwise, and opened to permit
ready examination, These samples are then
forwarded to the Naval Ship Systems Command,
together with a complete report of the conditions
found.

Retubing of auxiliary condensers and other
small heat exchangers may be accomplished by
forees afloat or by a shipyard without obtaining
authorization from the Naval ShipSvstems Com-
mand, Only the type commander need approve
thig type of retubing. Complete reports of such
retubing must be forwarded to the MNaval Ship
Systems Command and are {o include the same
information thalt is required for requests [or
retubing main condensers.
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Tube Replacement

When a main condenser is to be reftubed, the
most efficient 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
then drive the ends of the tubes out of the tube
sheets with a drift. Fipure 10-8 showe a drift
suitable for tubes which have a 5/8-inch outside
diameter and a wall thickness of 0,048 inch, H
serious difficulty is encountered in removing
expanded tubes, it may be necessarytoream the
expanded ends so that only a thin shell remains
at the outer surfaces of the tube,

If 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 nol touch or mar
the surfaces of the tube holes in the tube sheet,
Figure 10-0 shows a reamer suitable for this
type of work.

Regardless of the method used toremove the
tubes, the tube holes in the tube sheets must not
be damaged in any way.

Before installing replacement tubes, a very
careful examination of the interior parts of the
condenser shell must be conducted. If there is
any reason to believe that the joints between the
tube sheet and the condenser shell are not in
perfect condition, the tubs sheets should be
removed, the [langes trued, and new gaskets
installed, Joints between the stay-rods and the
tube sheets should be remade and the stay-rods
repacked. Should any defects be found after the
new tubes are installed, it may be necessary to

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

Only copper-nickel tubes conforming to the
Maval Ship Systems Command specifications are
to be used in condensers that are salt-water
cooled, These tubes are furnished in stock
lengths and must be cut to proper length by the
installing activity., The usual practice is to cut
the tubes in lengths about 1/8 inch longer than
the distance between the outside faces of the tube
sheets. After installation, the tubes are finished
to the exact length, by using an air-driven end
mill or surface grinder.

EXPANDING TUBES.—Nearly all condensers
installed aboard naval ships have the inlet tube
ends expanded in the tube sheet, forming a metal-
to-metal joint, In many installations, the outlet
tube ends are also expanded. I the condenser
tubes are expanded at both ends, it is common
practice to provide one or more grooves, or
garrations, in the tube holesinorder to increase
the holding power of the expanded tube joint.
Such grooves should be thoroughly cleaned out
and any burrs removed prior to the installation
of new tubes.

Tube expanders used in retubing 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 furnished to the ship by the manufac-
turer and approved by the Nawval Ship Systems
Command, The tube expander rolls should be
tapered to correspond with the taper of the ex-
pander mandrel to ensure parallel expansion of
the tube walls, The inner ends of the rolls should
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Figure 10-8.=Drift for driving tube ends from tube sheets,
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98.35
Figure 10-9.—Heamer [or removing
expanded tube ends.

be suitably rounded off to form a torpedo-shaped
end in order to prevent ridging and cutting of the
tubes at the inner end of the expanded joint. In
order for a tube expander to be properly set for
a given job, it is generally necessary that the
overall length of the rolls be not less than 3/18
inch greater, and not more than 5/8 inchgreater
than the thickness of the tube sheet into which the
tube is expanded, The expander should be ad-
justed so that the expanded portion of the tube
does not extend completely through the cyl-
indrical portion of the tube sheet hole; about1.8
inch of the tube at the inner end of the tube hole
i left unexpanded, ¥ the tubes are expanded
completely through the tube sheet, the part of the
expandad joint which extends into the condenser
and beyond the support of the tube hole, will
bulge and the subsequent removal of fubes will
be extremely difficult,

After the tubes are expanded, the inlet ends
of the tubes should be belled or flared to an
outside diameter of not more than 3/4 inch for
5/8-inch OD (outside diameter) {ubes, and not
more than 7/8 inch for 3/4-inch OD tubes.

L]
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Flaring tools must not be driven intothe tube
end so hard that the wall of the tube is appre-
ciably thinned or cut. Figure 10-10 shows a
flaring tool that is suitable for 5/8-inch OD
tubes which have a wall thickness of 0,049 inch.
It is good practice tomill or grindthe projecting
{flared ends of the newly installed tubes flush
with the tube sheet surface in order to provide
a smooth entrance for the circulating water
flowing into the inlet ends of the tubes. It is not
necessary to flare the outlet ends of the tubes;
the tube outlet ends may be allowed to project
1/16 inch from the face of the tube sheet surface.

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

When stuffing box glands are 3/4 inch deep,
the proper packing consists of two [iber rings
and two metallic rings. Tofacilitate the installa-
tion of packing, a loading pin (fig. 10-11) should
be inserted into the outlet ends of the tubes,

After 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 metallie
packing ring is placed on the loading 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-
tions are repeated, another [iber ring and
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Figure 10-10,—~Tool for flaring main condenser tubes.
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Figure 10-11.— Loading pin for packing main condenser fubes,

another metallic ring are inserted in the same
manner; each ring is calked in place separately,
If the depth of the stuffing box is creater than
34 inch, an additional metallic ring should he
inatalled and calked into place in order to com-
pletely £ill the stuffing box with packing.

If the stuffing box is 5/8 inch deepinstead 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 isretubed, the tubes should
be tested for leaks. The test is made by filling
the shell with warm water., (Warm water must be
used to avold condensate forming on tubes and
fuhe sheets and giving a false indication of
leaking.) If any leaky tubes are found, they can
be recalked with light hammer blows applied
to the calking tool,

The amount of foree usged in striking the
calking tool with the hammer iz extremely
important, If too little force is used, the joint
will leak., If too much force is used, it will
meck’? the tube end so that the tube end will he
held foc tightly in the packing gland to allow
proper movement during normal expansion, When
the necked fube does move through the packing,
leakage at the joint will result,

Care of Idle Condensers

Most eondensers on naval ships have con-
denser fubes eithar at both ends, or expandedat
the inlet end and packed at the outlet end. These
units should normally be drained and kept empty
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when secured, However, if the condenser is to
be used within a few days, it may be completely
filled with water (which should be circulated
daily) unless the ship is lying in highly polluted
water. When ‘in polluted water, the condenser
should be drained and thoroughly washed out
whenever it is secured,

Whenever the sea water side of a condenser
ig drained, special care should be taken to ensure
that the tubes do not have water anywhere along
their lengths, Tubes frequently become sagped
and water trapped in these pockets at one or
more points along the tube length, if allowed to
remain in a drained condenser, will gradually
evaporate. The impurities left behind (after the
water has evaporated) will corrode the tubes at
these points, and in time will result in tube
failure, This action is particularly acute when
condensers are drained of highly polluted water,
The best method of avoiding this tvpe of tube
deterioration, when an ample supply of fresh
water is available from a pier, istowater-lance
each tube with fresh water in order to wash out
the polluted water and remove foreign matter
from the tubes. Following the water=lancing
operation, the tubes should be air-lanced and
left dry until the condenser is again put in
zervice,

If sufficient fresh water is not available for
water-lancing, each condenser tube should be
air-lanced and left completely dry; then the con-
denser should 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 repeated, as necessary, to avoid
the formation of water pockets at low points
alome the tfubes.
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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 when testing a main condenser,
there are several safety precautions that must be
chserved, The following procedures and pre-
cautions, when carried out properly, will help
prevent casualties to personnel and machinery:

1. Before the salt water side of acondenser
is opened, all sea connections, including the
main injection wvalve, circulating pump suction
valve, and main overboard wvalve, are to he
closed tightly and secured against accidental
opening with wire, and tagged, DO NOT OPEN,
and signed by the person tagging the valve. This
is necessary to avold the possibility of flooding
an engineroom, Safety gales, where provided,
are to be installed.

2. On condensers having electrically op-
erated injection and overboard wvalves, the
electrical circuits serving these motors are to
be opened and tagged to prevent aceidentally
energizing these circuits.

3. Before a manhole or handhole plate is
removed, drain the salt water side of the con-
denger by using the drain valve provided in the
inlet water hox, This is done to make sure that
all sea connections are tightly closed.

4, H practicable, inspection plates are tobe
replaced and secured before work is dis-
continued each day,

5. Never subject condensers to a test pres-
sure in excess of 15 psig.

f. When testing for leaks, do not stop be-
cause one leak is found, The entire surface of
both tube sheets must be checked, as other leaks
may exist, Determine whether eachleakiginthe
tube joint or in the tube wall, so that the propey
repairs can be made.

7. There is always a possibility that hydro-
gen o other gases may be present in the steam
or the salt water side of a condenser, No open
flame or tool which might cause a spark should
be brought close to a newly opened condenser.
Personnel are not to be permitted to enter
a newly opened condenser until it has been
thoroughly blown out with steam or air.

8. The salt water side of a condenser must
be drained hefore flooding of the steam side and
must be kept drained until the steam side is
emptied,

9, The relief valve (set at 15 psig) mounted
on the inlet water chest is to be lifted by hand
whenever condensers are secured.

10. H a loss of vacuum is accompanied by a
hot or flooded condenser, the units exhausting
inte the condenser must be slowed or stopped
until the casualty is corrected, Condensate must
not ke allowed to colleet in condensers and over-
flow into the turbines or engines,

11. Condenser shell relief valves are to be
lifted by hand before a condenser is put into
gervice.

12, No permanent conneciion which could
subject the salt water side to a pressure in
excess of 15 psig, is to be retained between any
condenser and a water system,

13, No permanent connection which could
allow salt water to enter the steam side of the
condenser, is to be retained.

14, Test the main circulating pump bilge
guction, when sodirected by the engineer officer,
To conduct this test, it iz penerally necessary
only to start the main eirculating pump, open the
bilge suection line stop or check valve, and then
close down on the sea suction line valve to about
3/4 closed, or until the maximum bilge suction
capacity is obtained,

AIR EJECTORS

In most ships, the first and second stages of
the alr ejectors and their condensers have been
combined into one complete assembly, suchasis
ghown in fisure 10-12, In many ships, the gland
exhaust condenser has been incorporated within
the shell of the after condenser. The shell iz
rectanpular, and is divided by a longitudinal
plate into the inter-condenser and the after
condenser sections. A baffle at the gland vapor
inlet deflects the alr and vapor downward over
the lower bank of tubes in the after condensger
section,

In order to provide for continuous operation,
two sets of nozzles and diffusers are furnished
for each stage of the air ejectors. Cnly one set
is necessary for operation of the plant; the other
set iz maintained ready for use in case of
damage or unsatisfactory operation of the setin
uge, The two sets can be used simumltaneously
when excessive air leakage into the condenser
necessiiates additional pumping capacity.

An inter stage valve is provided between the
discharge of each lirst-stage ejector and the
inter condenger so that the pressure built up by
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the first-stage jet, in operation, will not be lost
back to the condenser through the idle first
gtage. For a similar reason, a cutout valve is
located between each second-stage suction
chamber and the inter condenser. By means of
diaphragm plalesg in the inlet and outlet heads,
the cooling water (condensate) is forcedto make
geveryl passes through the unit before being
discharged,

The atmospheric vent is usually connected
to the suetion of a small motor-driven fan
{gland exhauster), which provides a positive
discharge through piping to 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 being condensed,

OPERATION

With each air ejector assembly installed, the
manufacturer furnishes technical manuals to
provide information on operation and mainte-
nance, General information on starting, shifting,
and securing air ejectors is given in chapter
o460 (46) of the Bureau of Ships Technical
Manual, Some additional items for air ejector
npuraf[on are as follows:

1. Before starting a steam alr ejector, the
steam line should be drained of all moisture;
moigture in the steam will cul the nozzles, and
slugs of water will cause unstable operation.

2. Before cutting steam intothe alr ejectors,
make sure that sufficient cooling water 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 water to drain out of
the seal,

4. If it is necessary to operate both sets of
air efectors to maintain proper condenger
vacuum, air leakage is indicated. It is more
desirable to eliminate the air leakage than to
operate two sels 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,
the sleam temperature and quality may be dif-
ferent than design condition, there may be scale
on the nozzle surface, the position of the steam

nozzle may not ke righi in relation to the
diffuser, or the condenser drains may he
stopped up.
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Difficulties due to low pressure are gen-
erally caused by improper functioning or im-
proper adjustment of the steam reducing valve
supplying motive steam to the air ejector
assembly, It is essential that DRY steam at
FULL operating pressure he supplied to the air
ejector nozzles,

Erosion or fouling of air ejector nozgles is
evidence that wet steam is being admitted tothe
unit. Faulty nozzles make it impossible to op-
erate the ejector under high vacuum, In some
instances, the nozzles may be clogged with
grease, boller compound, or some other deposit
which will decrease the jet efficiency.

MAINTENANCE

In general, it is possible lo elean air ejector
nozeles by using reamers. The proper size
reamer should be used for each size of nozzle,
to avoid damape to the nozzle, If il is necessary
to remove the nozzle for cleaning or replace-
ment, the internal surfaces must not be damaged,
Dents or deformations of the downstream end of
the nozzle, and rough or scratehy surfaces in
the throat or diffuser passages, will result in
improper operation of the unit, Foreign deposits
present on the internal surface of the nozzle or
diffuser should be removed by the use of nozzle
reamers, soft copper wire, or a piece of wood.

Before disassembly or reassembly of nozzles
or diffusers is undertaken, the manufacturer’s
technical manual shouldbe consulted. If replace-
ment of a nozzle or diffuser isrequired, gaskets
of proper thickness must be used for reassem-
bly. It is essential that the nozzle and the dii-
fuser tube be concentric andin proper alignment
and that the correct distance be maintained
between the ends of the nozzle and the diffuser.

It is possible to clean or replace steam
strainers, noggzles, or diffusers, of an air
gjector assembly while the rest of the unit is in
operation, It is necessary to isolate the unil
which is tobe openedfrom the rest of the assem-
bly, by closing the steam supply valve and the
inter stage valves of this unit, to avoid burns
being suffered by personnel engaged in this work.

In installations where separate inter and
after condensers are provided for each element,
isolating valves are not required. In some in-
stallations where a common after condenser is
provided for two second-stage elements, the
internal eonstruction of the unit is such that the
steam dischargped from the operating element
cannot back up through the diffuser of the
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Division Plate Ieakage

Should internal leakage occur across the
division plate hetween the inter condenser and
the after condenser, the second-stage element
hecomes overloaded since the air-steam mixture
discharged by the second-stage element leaks
back to the inter condenser instead ofbeing dis-
charged to the atmosphere, A leak of this type
rarely happens in modern air ejectors, but if it
15 suspected, the inter condenser and the after
condenser should be hydrostatically tested and
the condenser drains should be inspected to
determine whether leakage igindicated, Repairs
involve removal of tubes, disassembly of the unit,
and replacement of internal gaskets,

Flooded Condenser

Improper drainage 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
condensing surface is decreased, and a loss of
vacuum occurs, Flooding may also cause con-
densate to be drawn into the second-stage ele-
ment, which will result in erratic operation of
the unit,

If flooding is suspected, drain lines should be
cleared out and a hydrostatic test shouldbe per-
formed on the unit to check for leaks at tube
joints and ftube walls, Tubes rarely need re-
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-ashestos
packing rings supplied by the manufacturer, The
removal of old packing rings and installation of
new ones can be accomplished in the same man-
ner ag for packing of main condenser tubes
except that copper-ashestos rings should be set
up with several very light hammer blows on the
calking tool. Copper doesnot flow into the threads
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 retabing or other
major repairs be necessary, all parts of the
assembly should be hydrostatically tested tothe
test pressure specified by the manufacturer, It
should be determined that all internal parts of
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the assembly are in proper working order before
the new tubes are installed. A positive test
should be made to establish the tightness of the
gaskets hetween the inter and after condensers
hoth before and after installing new tubes,

Maintaining the Loop Seal

Should an air leak be present inthe U-shaped
loop seal line (fiz, 10-13) provided for draining
the inter condenser, it will become impossible to
maintain a seal between the inter condenser and
the main condenser, Water from the inter con-
denser passes down through the small 1-inch
pipe then through the short loop, and up through
the internal pipe. The larger pipe surrounding
the internal pipe is 3 inches in diameter and is
connected to the main condenser, Water over-
flowing the internal pipe [ills the external pipe
and the larger loop.

FROM INTER
CONDE H3ER

|

b

TO WA
CORDENSER

FILLING
COMMECTOR

06,29
Figure 10-13,— Loop seal.
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If no vacuum existed ineither condenser, and
water from the inter condenser entered the
internal pipe, it would maintain the same helght
in each leg,

When a vacuum isformed in both condensers,
the difference between the vacuum maintainedin
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 28
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 primary l-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 primary leg is
approximately 3 feet below that of the secondary
leg, the additional 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 the primary leg, Thus, a static
condition will be obtained. If water is added from
the inter condenser to the primary leg, the level
on that side will rise, and the additional weight
of the water will cause water to be pushed into
the main condenser, from the secondary leg,
thereby restoring the loop to its original statie
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 condenser. A solid body of water is
maintained in the base of the loop and prevents
air from passing through, which would cause an
equalization of vacuum,

The purpose of the filling connection is to
allow condensgate to be pumped from the con-
densate pump discharge line to the loop seal 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
inter condengers show the same reading, this
indicates that the seal has been broken. Opening
the filling valve will correct this condition, if it
is due lo a sudden surge in vacuum, or a violent
roll of the ship, If the condition is the result of
an air leak, the leak will have to be corrected
before the loop will remain properly sealed.
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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 feed
water demand or condensate supply. Deaeraling
feed tanks ‘‘scrub'’ the feed water freeof air by
use of spray nozzles. The feed water isheated by
direct contact with auxiliary exhaust steam.
Deaerating feed tanks generally operate at 13
psi and at approximately 246°F with 15 psig
auxiliary exhaust steam. The water is kept just
under its boiling point at the operating presgsure
so that it will not flash into steam.

A deaerating feed tank is shown in figure
10-14. Condensate enters the tank through the
tubes of the vent condenser and thenflows to the
gpray head. It ia forced out through multiple
spring-loaded spray hozzles in the spray head.
The nozzles are designed to open at a very low
pressure and to maintain good atomization even
at very low loads. The water leaves the spray
nozzles in a very 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 deaerated, then falls into a
cone-shaped baffle which conducts ittoacentral
port, Here the steam coming into the deaerating
unit picks up the water and throws it radially
outward and upward against the lower side of the
conlcal baffle, In this process, the water and
steam are so thoroughly mixed that the water
iz heated to practically the same temperature as
the steam, and the dissolved gases in the water
are removed. The deaerated water then falls
into the storage space at the bottom of the tank,
where it remains under a blanket of air-free
steam until it ig needed for the boilers,

Steam sweeps the air from the deaerating
fead tank, The mixture of steam and air travels
across the vent condenser tubes, where most of
the steam is condensed into water which drops
back into the deaerating tank, The air, together
with any remaining steam is vented to the gland
exhaust condenser.

The steam eontrol valve remains wide open
during normal operation and the flow of steam
into the tank is controlled by the rate of con-
densation. Normally the pressure drop between
the auxiliary exhaust line andthe deaerating feed
tank will be 1/2 psig or less. At low loads, the
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Figure 10-14.—Elliof type deaerating feed tank.

water overflowing the cup-shapedrecess {illsthe
space within the conical baffles, This causes a
ceégaatlon of steam flow until the tank pressure
had decreased, because of condensation, to a
point where the pressure drop is great enough
to allow steam to blast through the water in the
helical baffles. At high loads, the rate of steam
flow is great enough to prevent accumulation of
water in the baffles: the steam drives the water
out as it overflows the cup-shapedreécess.

A shaft extends from the steam valve through
the side of the tank; the shaft hasa lever attached
ta it. When the lever is thrown in one direction,
it presses a collar against the check valve and
forces it to the fully closed position. When the
lever is thrown inthe opposite direction, another
collar forces the check valve to the wide open
position. When the lever isin the center position,
the check valve 18 free to operate
ally.

aulomati-
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OPERATION

During normal operation, the only control
necessary ie maintaining the proper water level,
The maximum water level, beyond whichthe unit
should never be operated, is shown in figure
10-15. I the water level is too high, the tank
cammot properly remove the air from the feed
water. A low water level may endanger the main
feed booster pumps, the main feed pumps, and
the boilers.

Deaerating feed tanks remove gases from the
feed water by using the principle that the solu-
bility of gases in feed water approaches rero
when the water temperature approaches the
boiling point, During operation, steam andwater
are mixed by spraving the water sothat it comes
in contact with steam from the auxiliary exhaust

SPRAY
VALVES'

;.c'r- S it
DEAERATING
CDMF’&H‘TMENT

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

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

Auxiliary exhaust steam flows directly into
the deaerating unit, A eheek valve either in the
deaerating tank, or inthe line leading fothe tank,
allows the steam to flow from the auxiliary ex-
haust line whenever the pressure inside the
deaerating tank is less than the pressure in the
exhaust line, The check valve also prevents the
return flow of water into the auxiliary exhaust
line, in the event that the deaerating tank he-
comes flooded.
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Figure 10-15.—Deaerating fzed tank (diagrammatic arrangement).
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Start-Up

A secured deaerating tank must be kept iso-
lated from the feed water system and its
contained water must be deaerated before the
tank 18 put into serwvice. If the tank is empty, it
may be filled by means of the emergency feed
pump, taking suction from a reserve feed tank
and discharging to the condensate line, or in
some installations, discharging directly to the
deaerating tank. During this operation, the
auxiliary exhaust must be cut in to the deaerating
tank to heat and deaerate the feed water.

In warming up a deaerating tank, the steam
and water supply valves should be opened slowly
to avoid sudden temperature changes in the tank,
When the tank is filled to the normal operating
level, a feed 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 DFT,
depending on the class ship, It will take about
10 minutes for this reclreulation to heat the
water in the tank. The deaerating tank should
be operated atnormal operating temperature ancd
pressure for a minimum of 10 minutes before it
will be ready to be put into service.

When the deareating tank is fully warmedup,
and before it iscut into the feed system, the valve
in the warming up line should be closed slowly.
The starting line should be closed during all
normal operating. The main feed pump recirou-
lating line is relied on to protect the booster
pumps and the feed pumps, If the starting up line
is left open during operation, it couldreduce the
main feed pump suction pressure below thatre-
quired.

Underway

In order to have effective deaeration, it is
necessary to vent sufficient steam from the de-
aerating feed tank to sweep out all air which has
been separated from the feed water. This sep-
arated air iscontinuously concentrated in the un-
condensed portion of the steam, as the steam
passes through the deaerating unit, preheater,
and vent condenser. If all the steam were con-
densed in the vent condenser, the separated air
would again mix with the condensate.

The amount of vented sleam is controlled by
an orifice installed in the wvent line of the vent
condenser., The vent line orifice must be large
enough so that the minimum quantity of steam-
air mixture necessary for proper deaeration is
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discharged when the minimum operating pres-
sure exists in the deaerating tank.

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

Shutdown

In securing the deaerating tank, the vent valve
should be opened before the waler 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 for normal
operation, due to some external means (high
pressure dralns), a recirculating connection,
leading from the base of the tank into the main
condenser, provides inereased eirculation
through the tank, This recirculating connection
enables the water to be discharged back intothe
tank, after it has been cooled by the condenser,
thereby causing a reduction in pressure and
temperature within the tank, Except inanemer-
gency, the steam must not be secured before
gecuring the water, the tank will be filled with
cold water that is not deaerated. Under normal
securing conditions, the vent should be shifted
from the gland seal condenser to the atmosphere;
if this is not done, the gland seal condenser will
overheat.

MAINTENANCE
Deaerating feed tanks must operate effec-

tively to provide a continuous supply of oxygen-
free water for the boilers. Effective operation

96.28
Figure 10-16.— Vent condenser, showing
path of gases.
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depends primarily on the operation 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 Bureau of Ships Tech-
nical Manual, This rig is available at all re-
pair activities ashore and afloat. When testing
spray valves with this rig, 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 affect deaeration.
K leakage does exist, the valve should be ex-
amined for scoredor damaged seats or improper
spring tension,

2. When the valve opens, the spray should be
a complete cone, Anyother form of discharge is
a positive indication of faulty operation. An in-
complete cone indicates cocking of the disk which
may be caused by a defective spring.

3. All valves should open at 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
Bureau of Ships Technical Manual are used, the
results will not be definitive, however, they will
indicate MAJOR malfunctioning of the unit, All
naval shipyards have the equipment and person-
nel to perform proper tests for more positive
results, For any test results to be of value, all
teating 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,
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but some bolts and nuts are used. When parts
are disassembled, all nuts should be secured
with split pins. Split pins must be of a
corrosion-resistant metal such as Monel or
stainless steel. Ordinary steel will corrode too
rapidly to give satisfactory service,

A sereen is installed in the bottom of the de-
aerating feed tank (booster pump suction) so that
if an internal part of the tank shouldcome loose,
or if metal from the condensate or steam system
should enter the tank, the sereen will prevent
the part from entering the booster pump sucton.

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

The went 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. The spray
chamber and spray nozzles are attached to the
vent condenser and are removed as a unit.

For safety purposes, all deaerating feed
tanks are equipped with two spring-loadedrelief
valves. One is to prevent a high pressure from
accidentally building up inside the tank, and the
other, called a vacuum breaker, is to prevent
a high vacuum from developing inside the tank.
The vacuum breaker allows atmospheric air to
enter the tank whenever the vacuum exceeds a
predetermined amount,

The steam control valve automatically con-
trols the amount of steam admitted to the de-
aerating tank, There are many different ar-
rangements of these walves; this publication
does not contain information on the repair
procedures for each type. For complete infor-
mation on each type of steam control valve, refer
to the manufacturer’s technical manual,



CHAPTER 11

DISTILLING PLANTS

This chapter deals with the general deserip-
tlom, 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
i5 used for boiler feed water. Boiler feed water
must be of high purity to maintain high heat
tranafer and prevent excessive scaling and cor-
rosion, Distilled water is alao usedaboard ship
for drinking, cooking, and washing,

Basically all distilling plants operate on the
same prineiple, although designs differ. Each
plant ‘has a heating section to produce evapora-
tion, 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 classi-
fled as coil, submerged tube, vertical basket,
and’ flash twvpes. (NOTE: In accordance with
military specification MIL-D-18641 (Ships),
steam operated distilling plants are classified
a8 types and clagsed.) For additional informa-
ton on vapor compression units, reference
ghould be made to MIL-D-16196. Reference
may also be made to other specifications and
manuals for specific plat plants, Formerly
marine distilling units were constructed for use
of high pressure steam, typleally 15 psig. High
boiling temperatures and consequent rapid seal-
ing characteristics of such designs have made
them obsolete for marine use. Inthe submerged
tube type, sea water surrounds the evaporator
tubes into which low pressure (less than atmos-
pheric) steam flows; the steam gives up heat to
boil the sea water, and then is condensed.

In the wvertical basket type, low pressure
gteam 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
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from the bolling sea water is condensed and is
removed as distillate,

In the flash type, preheated feed water is
discharged into a vacuum chamber where a por-
tion of the water vaporizes (flashes) because
the pressure in the chamber is lower than the
saturation pressure corresponding to the tem-
perature of 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 wvapor compression type distilling unit
was first developed for submarine service,
where the absence of a steam supplynecessitated
some other source of heat for the evaporating
process. These units require electrical energy
for their operation, Theyare alsousedon 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 divided
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 inthe 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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Chapter 11-DISTILLING PLANTS

TYPES AND COMPONENTS

The differences between the three principal
types of low pressure distilling plants are
briefly discussed in the sections which follow,
The types of plants generally found aboard ships
are the two-shell double effect, the Soloshell
double=effect, and the three shell triple-effect
plants,

Two-8hell Double-Effect Plants

The most commonly used 20,000 gallons per
day (gpd) double-effect plant is built with two
horizontal, ecylindrical evaporator shells (fig.
11-3), one for each effect, and usually mounted
with the axes of the shells parallel, Tube 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 distilling condenser and the
distillate cooler are built into separate shells,
and usually mounted between the twoevaporator
shells. The air ejector condenser, also an
independent unit, is mounted on one of the two
shells,

Soloshell Double-Effect Plants

Virtually all low pressure submerged tube
distilling plants up to and ineluding the 12,000
gpd capacity plant are of the Soloshell double-
effect type, This type consists of a single
eylindrical shell mounted with the axis hori-
zontal, A vertical partition plate (fig. 11-4),
parallel to the axis, divides the shell into two
evaporatm chambers. Each of these chambers
has a separate removable tube bundle bolted to
the front head of the shell (the first- and second-
effect evaporator tube bundles in fig, 11-4), The
first effect vapor feed heater is built into the
upper part of the first-effect shell, and alsohas
a removable tube bundie bolted tothe front head,

Tha distilling condenser (condensing and
feed-heating sections) is built into the upper
part of 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
4 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 of 20,000 gpd capacity Soloshell
double-effect plant was typically installed on
light 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 wvertical partition separating 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 distillate cooler
is mounted similarly to that in the smaller
Soloshell plants.

The steam is obtained from the auxiliaryex-
haust line through a weight loaded or an air con-
trolled repulating valve. This valve is set to
maintain a constant steam pressure of 1to5 psi
to the tube nest of the first-effect evaporator. A
pressure gage isinstalledahead of the regulating
valve, A relief valve, a thermometer, and a
compound gage are installed on the steamhead
of the evaporator tube nest in order to keepa
check on the steam supply.

In passing through the regulating valve, the
auxiliary exhaust steam is reduced to a pres-
sure of § psi. The steam then passes through
an orifice plate in the steam line belween the
regulating valve and the inlet to the first-effect
tube nest, This orifice plate i3 designed to
control the amount of steam, by weight, entering
the plant to an amount required for the plant’s
designed output of distilled water. A change in
the size of the orifice alters the plant output,

Becaugse of the throttling effect in passing
through the reducing wvalve, the low pressure
steam becomes superheated. The auxiliary
exhaust steam is therefore passed through a
desuperheating area in the steam line. De-
superheating is accomplished by a spray of hot
water, at saturation temperature, piped from the
first-elfect tube nest drain pump. This water is
gprayed into the steam supply line in sufficient
quantity to reduce the steam temperalure tothat
corresponding (o the pressure existing in the tube
nest 8o that the incoming steam will commence
to give up its 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
feed water surrounding the first-effect tubes,
The resulting condensate (condensed steam)
from the first-effect tube nest is discharged by
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Fipure 11-4.<Internal construction of a Soloshell distilling plant.

pump to the deaerating feed tank, In an emer-
gency, the condensate may be discharged to the
main condensers, the auxiliary turbo-generator
condensers, or the fresh water drain collecting
system. This condensate is returned to the
boiler feed system to help maintain the heat and
water content of that system constant,

Steam generated in the evaporator shells by
the evaporation of the feed water is referred to
as VAPOR, to prevent confusing it with the
steam which is introduced into the first-effect
evaporator tubes and is the outside scurce of
heat for the plant, The vapor is separated
from the feecd water al the water surface and,
although the vapor itself is pure, small particles
of raw, unevaporated feed water are mixed with
it. The particles of feed water are removed
from the vapor by a series of baffles above the
surface of the water in the evaporator shell,
and by additional baffles or vanes in the first-
effect vapor separator,

The wapor changes its direction of motion
several times in passing around the hooked
edges of the baffles and vanes. The hooked

edges trap particles of feed water and drain
them into pipe lines. These pipe lines dis-
charge the separated moisture as far away as
possible from the vapor separator in the evap=
orator shell,

After passing through the vapor separatlor
on its way to the second-effect tube nest, the
vapor passes through a vapor feed heater. Part
of the vapor is condensedas it givesup its latent
heat to the feed water passing through the tubes
of the heater. The remaining vapor and distillate
pass together into the tube nest of the second-
effect evaporator. Here the first-effect vapor
gives up its latent heat in penerating vapor
from the feed water in the second-effect evap-
orator shell. This exchange of heat condenses
the remaining first-effect vapor.

In the second-effect shell, the pressure sur-
rounding the sea water i= considerably less than
in the first-effect shell. This makes it pogsible
to use the vapor formed in the first-effect shell
to boil and vaporize the seawater inthe second-
elfect shell,
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The wapor generated in the second-effect
shell passes through a vapor separator and into
a distilling condenger. The condensging tuhes
nearest the Incoming vapor are utilized as a
feed heating section where the vapor ispartially
condensed, thereby heating the feed water cir-
culating through the condenser tubes, The re-
mainder of the vapor is condensed in the con-
densing section and g discharged to the test
tanks as fresh water,

The first-effect distillate in the second-effect
fuhes is discharped throush the second-effect
fube-nest drain regulator andledtothe distilling
condenser through the flash chamber.

The distilling condenser circulating water
pump takes suction from the sea anddischarges
the water through the distillate cooler and the
distilling condenser. A sirainer is installed in
the pump suction piping. The cooling water
passes through the shell of the distillate cooler
and then through the tubes of the distilling
condenser. The ecooling water isthen discharged
overboard through a spring-loaded back-
pressure valve settomaintain aback pressure of
about 5 psig.

A portion of the sea water discharged from
the cooling water cireuit is used as feed to the
first-effect evaporator. A b psi back pressure
provides sufficient head to force water through
the feed heater to the first-effect shell, The
evaporator feed water is discharged into the
second-effect vapor feed heater which islocated
near the distilling condenser section of the shell.
After passing through the second-effect vapor
feed heater tubes, the feedwater travelsthrough
the tubes of the air ejector condenser, From
there, the feed water ig led into the first-effect
vapor feed heater tubes, After passing through
the first-efiect vapor feed heater, the feed water
enters the first-effect shell through perforated
internial feed distributing pipes located well
below the working water level in the shell.

A portion of the feed water is evaporated
after entering the first-effect shell., This in-
creases the density, or salinity, of the remaining
portion, This denser or saltier water, commuonly
referred to as BRINE to distinguish #t from sea
water, is led into the second-effect shell.

The brine is transferred tothe second-effect
shell through a pipeline having a manually con-
irolled feed regulating valve installed in it. The
higher pressure in the first-effect shell is
utilized to force the brine into the second effect,
where it is distributed by means of perforated
internal feed pipes. (In a triple-effect plant,
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the brine then passes to the third-effect shell
through a pipeline and is distributedina manner
similar to that in the second-effect shell of a
double=-effect plant,)

A brine overboard pump takes suction from
the second-effect shell through a Macomb-type
strainer, and discharges the bring overboard,
Ta permil rapid draining of the first- and second-
effect shells, as when chill shocking, they hawve
suction connections leading directly to the brine
overboard pump. Sincethese connections arenot
used in normal operations, they are provided
with valves that can be locked closed to prevent
aceidental opening, which would upset proper
operations of the plant,

Triple-Effect Plants

The triple-effect distilling plant is similar
to the double-effect plant except the triple
effect has an intermediate evaporating stage, A
standard 20,000 gpd triple-effect plant consists
of three horizontal, cevlindriecal shells{fig. 11-5)
set side by side with their axes parallel, The
tube bundles can be withdrawn from the front
cover of each shell. The first- and second-effect
vapor feed heaters are built into the front end
of the second- and third-effeet evaporator shells,
The distilling condenser is contained within the
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 shell of a triple
effect plant.

Another 20,000 gpd triple=eflect design con-
sists essentially of three horizontal shells bolted
together end to end, with wvertical partition
plates between each section (shell) to form the
ihree effects. The tube bundles can be withdrawn
horizontally through one side of the cylinder.
Vapor separators ‘in independent shells are
installed in the vapor piping between effects
and between the third effect and the distilling
condenser.  The frst- and second-effect vapor
feed hedaters are in separvate shells and are
mounted in the piping at the inlet to the second-
and third-effect tube bundles, respectively. The
two sections of the distilling condenser and the
distillate cooler are built inio a single shell
and independently mounted as space and piping
arrangements may permit. The air injector
condenser is also a separalely mounted unit.
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Figure 11-5.—Triple-effect distilling plant: (a) outside arranzement.
ib) internal arrangement of the first-effect shell.
The 30,000 gpd triple-effect plant s similar There are two types of 40,000 gpd triple-effect
to the 20,000 gpd plant, except for the inereased plants which are widely used in naval ships. The
size of the units, first type uses exactly the same arrangement as
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the 20,000 gpd triple-effect plant, with the size
of the units and partsincreasedasnecessaryfor
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 inthe 20,000 gpd two-shell double-effect plant,
In this design, both vapor feed heaters and
distilling condenser are built as three inde-
pendent units, each mounted separately outside
the evaporator shells. The air ejector condenser
and the distillate cooler, also in independent
ghells, are separately mounted outside the
evaporator shells,

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

1. 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 evaporator feed pump
takes suction from the distilling condenser cool-
ing water circuit at a point between the outlet
of the condensing section of the distilling con-
denser and the spring-loaded back-pressure
valve,

2. The SALT WATER FEED is piped suc-
ceggively from the first-effect shell to the
second= and third-effect shells. The water de-
creages in heat and increases in density as it
progresses from the first to the third effects,

4, The BRINE DISCHARGE is made from
the third-effect shell instead of from the second-
effect shell.

4. The GENERATOR HEAT in the tube nests
of the second- and third-effect shells is derived
from the vapor created in the preceding shell.

3. The VACUUM is increasingly higher in
each successive evaporator shell and in the
plant as a whole, as the distance from the air
ejector andthe distilling condenser is decreased,
This higher vacuum, lowering the Loiling point,
makes it possible to generate vapor with the
lower overall temperatures of the sea water or
brine and the vapor filled tubes.

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

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

337

of tubes—an upper set of either eight or nine
rows of horizontal tubing, and a lower set of two
or three rows of similar tubing. Tube ends are
inserted into and expanded to fit 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 of the shell eylinder.

The rear tube sheet and head, and an
intermediate tube supporting plate are sup-
ported inside the shell cylinder by rollers
which are mounted on rails, This “‘floating
head® design permitsunrestricted expansion and
contraction of the tube bundles. Inaddition, this
type of construction permits removal of the tube
bundles for cleaning.

DISTILLING CONDENSER.—This eondensger
consists mainly of a bank of tubesthrough which
the cooling sea water flows, a baffle plate which
deflects the water vapor away from the air pre-
cooling section, a section of tubes lmown as the
inner heating section, and an outside shell.

On the feed inlet end of the condenser there
is a zine pencil, and at the outlet end a zinc
plate is installed. In standard designs, the con-
dehsing unit ig generally built into the third-
effect shell. The distilling condenser of the
Soloshell double-effect plant is built inlo the
uppermost part of the second-effect 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.—The number of
vapor feed heaters in a distilling plant varies,
depending upon the number of effects and the
design of the plant, The feed water passes
through the tubes in these heaters on its way to
the first-effect shell. Vapor from one of the
evaporator shells passes into each heater and
flows around the heater tubes, thus heating the
feed water, A typical wvapor feed heater is
ghown in figure 11-7,

LEVEL CONTROLLERS.—In practically all
of the distilling plants built prior to 1950, the
water level in the shell of each effect is con-
trolled by manually regulating the individual feed
inlet valves. Many of the plants built since that
date, however, are provided with automatic
feed-level control devices., These adjustable
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Figure 11-7.—Vapor feed heater,
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weir type level controllers (fiz. 11-8) are
located in the brine discharge from each effect.
The feed from each effect to the nexi is only
the amount of brine that spills over the weir
and is the excess of feed over evaporation in
that effeet,

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

The level controllers consist of a chamber
in parallel with the evaporator shell. A weir
pipe within each evaporator shell discharges
into a welr well. Feed water in excess of that
which is evaporated spills over the welr pipe
and into the weir well,

The intérnal weir pipe may be raised or
lowered by the external handwheel. The weir
well vents into the weir chamber by a pipe
which also serves as a guide for the weir pipe.
A pape glass is installed on the weir well,

FLOWRATOR.—Some distilling plants may
be equipped with a flowrator or rotameter or
some other visual flow indicator in the evapor-
ator feed line., Flowrators are calibrated in
gallons per minute (gpm) and it is possible to
set the rate-of-feed by adjusting a hand valve in
the feed line. In order to maintain the proper
brine density of 1.5 pounds of dissolved salt
to 32 gallons of sea water (1.5/32) in the last-
effect ghell, threa gallons of sea water must be
fed into the distilling plant for each gallon of
distilled water produced. The remaining two
gallons of concentrated sea water (brine) are
pumped overboard. The flowrator compares
the amount of 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 to
divert the output to the bilge whenever the
purity is unsatisfactory. The solencid valve is
tripped automatically whenever the salt content
at the distillate cooler outlet exceeds 0.25
graing per gallon (gpg) or 0.0685 equivalents per
million (epm). When this occurs, the distillate
continues to flow to the bilge and an alarm is
sounded on the salinity indicator.

The solenold valve is so wired 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 salinity
to more than 0.25 gpz (0.065 epm) deenergizes
the solenoid and trips the valve to the bilge.
This arrangement makes it impossible to reset
the valve to discharge to the ship's tanks until
the salinity is below 0.25 gpg (0.065 epm) and
the solenoid is again energized. In the event of
a power failure at the panel, the solenoid valve
will trip and discharge to the bilge.

AIR EJECTOR,—The function of air ejectors
ig to remove the noncondensable gases, mainly
air, which may leak or be discharged into con-
densers operating under a vacuum, The air
ejeclor (fig. 11-9) is a comparatively simple
mechanism consisting of a steam inlet and
nozzle, an inlet for the saturated air from the
condenser, and a diffuser tube.
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Figure 11-9.—Air ejector.

Steam (125 to 150 pounds) is led to the air
gjector and passes through the nozzle, The steam
attains a high velocity as it passes from the
nozzle. The high-velocity steam jet issuing
from the nozzle creates a suction and draws in
the saturated air from the distilling condenser.
Two air ejectors are usually provided for each
distilling plant; however, one unit is sufficient
to operate the plant.

AIR EJECTOR CONDENSER.—The steam-
air mixture discharged from the air ejector is
normally condensed in a shell and tube type air
gjector condenser (fig. 11-10), This is nothing
more than a bank of tubes divided by a series
of baffles and enclosed in a shell. The baffles
ensure that the steam-air mixture passes over
the entire cooling surface of the tubes hefore
reaching the air vent. The steam is condensed
and the resulting condensate is led into the low
pressure drain system.

DISTILLATE COOLER.—The distillate
cooler (fig. 11-11) isatubular surface multipass
heat exchanger. The fresh water (distillate) from
the distilling condenser is drawn out by the
distillate pump and discharged through the
tbes of the distillate cooler, (Later units cir-

culate the sea water through the tubes and the
distillate around the tubes.) From here the
distillate is further drawn out by the fresh
water pump. (Later units omit the fresh water

pump.)

Fl1.ASH CHAMBER.—The flash c¢hamber is
essentlally a receptacle within which the second-
effect drains are reduced to a pregsure and
temperature corresponding to the distilling
condenser vacuum. The flash chamber is at-
tached or located on the third-effect side of the
evaporator shell,

TUBE-NEST DRAIN REGULATOR.—A tube-
nest drain regulator (fig. 11-12) is installed in
the drain line from each evaporator tube nest.
The drain regulator consists of a body and
cover enclosing a balanced cage or rotary valve
operated by a ball float. The drain regulator
prevents the pgenerator steam from blowing
through the tube bundle in the first aned second
effects, and thus forces it to give up its latent
heat of condensation in the tube nest,

PUMPS,—Distilling plant pumps are the
constant speed, centrifugal, motor-driven type.
No details onoperation, construction, or mainte-
nance are given here; information on centrifugal
pumpg may be found in chapter 9 of this train-
ing course and in BuShips Technical Manual,
chapter 8470 (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
of rotation should be checked frequently and
rechecked after any work is done on the pump

or motor. For detailed information on any
given unit, consult the manufacturer's technical
manual,

DPERATION

This section deals with the operation of low
pressure submerged tube plants. The large
quantities of pure fresh water required aboard
ship make it impossible to store sufficient
water for more than a few days’ supply. With
proper operiation and maintenance, submerged
tube distilling plants can make adequate fresh
water to supply the needs of the ship.

Careful starting, operating, and securing
of distilling plants will, to agreat extent, ensure
trouble-free operation, Operating procedures
and important maintenance factors are discussed
in the sections which follow.
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FEED WATER
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EMERGENCY CIRCULATIMG
WATER-OVERBOARD

ZINC PENCIL

Flgure 11-10.— Air

Starting a Manually Controlled Plant

To start a low pressure submerged tube
distilling plant, when the evaporalors are empty
and all pumps are secured, the following proce-
dure should be used:

1. Open all valves and air vents in the cir-
culating water circuit from the sea suction to the
averboard discharge, and start the circulating
puImp.

STRAINER CAGE

BAFFLES

FEED WATER

47.123
ejector condenser,

2. Adjust the spring-loaded back-pressure
valve in the circulating water overboard line
to maintain a pressure of 5 psig on the feed
pump suction.

3. Open all valves in the evaporator feed
system and the brine overboard line, except
the brine pump discharge wvalve and the air
ejector condenser emergency circulating water
overboard valve,

4, Start the evaporator feed pump,
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Figure 11-11.—Distillate cooler.
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47,125
Figure 11-12,—Tube-nest drain regulator,

5. When a water level of 10 to 13 inches
appears in the second-effect shell, start the
brine overboard pump, and erack open the dis-
charge valve on this pump. The brine overboard
valve at the ship's side and the wvalve in the
suction to this pump should always be wide open
during operation,

8. Open the valve in the emergencyelrcula-
ting water line from the air ejector condensger,
Open the second-effect tube-nest 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 sure
that the full pressure requiredisavailable at the
nozzle and that the steam supply line is drained.

7. When the second-effect evaporator shell
indicates about 16 inches of vacuum, partially
open the first-effect steam valve, When conden-
sate appears in the first-effect drain regulator,
drain off some of the condensate and test it
chemieally, If the condensate ig salty, discharge
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it to the bilge until the salinity drops to 0.25
grains per gallon (gpg). I the condensate is
accepltable, start the first-effect tube-nest
drain pump and discharge to the deaerating
feed tank.

8. When a distillate level appears in the
second-effect drain regulator gage glass, open
the discharge valve at the drain regulator and
when distillate appears in the flash chamber
gage glass, open the valve at the distillate pump
suction,

8, Start the condensate pump and open all
valves in the discharge line from this pump to
the test tank. When water appears in the gage
glass of the test tank, draw off some of the dis-
tillate and test it. I the distillate is not of sul-
ficient purity, discharge to the bilges,

10. Open all the required valves in the fresh
water system, except the fresh water pump dis-
charge, Start the fresh water pump and regu-
late the discharge valve to maintain a desired
level in the fest tank. Open the water meter
cutout walves and eclose 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 adjusted
to the desired position. When sufficient feed
water is {lowing through the air ejector con-
denser, close off the emergency circulating
water wvalve, The wvalves in all wvent lines
should be adjusted to their normal operating
position, When the first-effect steam pressure
and the second-effect vacuum both have attained
their desired values, check the density of the
brine pump discharge. Carefully manipulate
the Dbrine overboard control valve until the
brine density reaches a value of 1.5 thirty-
seconds.

12, If the flow of evaporator feed through
the air ejector condenser is stopped temporarily,
such as when correcting hiph feed leval in the
first-affecl evaporator shell, vapor mav dis-
charge into the evaporator room through the air
ejector condenser vent pipe, Thiscondition may
be remedied by slightly opening the valve in the
overboard line from the feed outlet of the con-
denser to permit the circulation of water through
the after condenser and overboard. This valve
should not be opened more than is requiredin
order to prevent an excessve amount of heated
feed water being discharged overboard. When,
for any reason, the salinity indicator indicates
higher than 0,25 gpe (065 epm), immediately
shift the diatillate to the bilges,
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Seeuring a Manually Controlled
Plant

The correct procedure for securing a man-
ually controlled low pressure distilling plant
begins by notifying the engineer officer of the
watch that the ewaporator plant is ready to be

secured. When permission to secure has been
received, the following procedure should be
ugad:

1. Secure exhaust steam to the first-effect
fube nest and the discharge [rom the first-effect
tube-nest drain pump to the ship’s condensate
system, Open drain to the bilges.

2. Becure the tube-nest drain pump,

3. Secure the distillate pump,

4, Secure the fresh water pump.

5. Secure the inlet and discharge walves
to the fresh water meter.

fi. Secure the steam to the air ejector.

7. Close the [irst-effect tube-nest
valve,

8. Allow the circulating pamp, evaporator
feed pump, and brine overboard pumpto continue
aperating for a few minutes to coolthe distilling
plant.

9. Secure the brine overboard pump.

10, Secure all pumps, suction and discharge,
making sure that evaporator tube bundles are
fully covered with water,

11, Close the sea injection wvalve and the
brine overboard valve 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.

vent

Starting an Automatieally
Controlled Plant

To start an automatically controlled low
pressure distilling plant when the evaporators
are empty and all pumps have been seccured,
the following procedures should be used:

1. Open wide all valves in the circulating
water circuit from the sea suction to the over-
hoard discharge.

2. Start the circulating pump. Pumps must
not be run dry. Before starting any pump, see
that the suetion, wvent, and gland seal valves
[where provided) are open, and that the pump
casing is full of water. On centrifugal pumps,
it is preferable to leave the discharge valve
closed until alter the pump has been started,

3. Check to see that the spring-loadedback-
pressure 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
condenser, vapor feed heater, and ailr ejector
condenser heads until the air is expelled, then
close the vent cocks.

5, If evaporator undles are submerged,
see thalt the first-effect feed walve 15 closed
and that the overflow weir pipes are satat their
highest position. If the bundles are not sub-
merged, see that the weirs are at their highest
position, open the feed valvesuntilthe lube nests
are fully covered, and then elose the feed valves,

8. Open the valve in the emergency circula-
ting water line from the air ejector condenser.

7. Open wide the second-effect evaporator
tube-nest vent valve, The first-effect fube-nest
vent valve should remain closed.

d. See thal the first-effect tube nest and the
air ejector condenser drains are directed only
to the bilge, and not to the ship’s tanks.

8. Open the air suction to the ejector, Open
the steam supply to the ejector, making sure that
the full pressure required{stamped on the name-
plate) is available at the nozzle, and that the
steam supply is properly drained.

10, Test the salinity of the air ejector conden-
ser drain. When less than 0.25gpe (0,065 epm),
close the bilze drain and open the drain to the
tank.

11, When the second-effect shell vacuum is
abaut 16 inches, pradually open wide the first-
effect tube-negt steam supply valve., Adjust the
regulating valve to maintain a steady pressure
of 5 psig. The last-sffect shell vacuum should
continue to increase to 26 inches or more,

12. When the distillate discharges from the
first-effect drain line to the bilge, test for
salinity, When satisfactory, close the bilge
drain valve, set the drain valves to discharge
the distillate to the return system, and open the
first-effect tube-nest vent valve one full turn,

13. When distillate appears in the second-
effect drainer, see that the drainer discharge
valve is open, and then adjust the second-effect
tube-nest vent valve to operating position (ap-
proximately one turn open).

14. When distillate appearsinthe flashcham-
ber, be sure the distillate cooler discharge is
directed to the bilge by manually iripping the
solenoid-actuated valve. Then start the distillate
pump. (The same point applies here as was
given in 2, with reference to starting a pump,)
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15. The following steps should now be per-
formed in fairly rapid sequence:
(a} Lower the overflow weir pipes to
their operating positions,
(b} Start the brine pump and open all
valves in ita discharge line.
{e) If a loop seal of at least B feet has
been provided in the feed line between
effects, open wide the second-effect

feed wvalve., Otherwise open it par-
tially,
(d) Cloge the emergency circulating

water overbeard line from the air
ejector condenser and open the first-
effect feed valve.

16. When the salinity of the distillate leaving
the distillate cooler is less than 0,25 gpg (0,065
epm}, set the solenoid valve to discharge to the
ship's tanks.

17, Open and adjust the feed-treatment injec-
tion valve or pump, if feed treatment iz to be
done.

18. After the plant has been inoperation about
half an hour, check the density of the brine. If
the density is more than 1.5 thirty-seconds,
open wider the first-effect feed valves; if less
than 1.5 thirty-sseonds, elose down en the valve,
Repeat every half hour untiltwo successive read-
ings of 1.5thirty-seconds are obtained. Then test
at hourly interwvals,

Securing an Automatically
Controlled Plant

The eorrect procedure for securing an au-
tomatically confrolled low pressure distilling
plant begins by notifyving the engineer officer of
the watch that the evaporator plant is ready to
ke sgecured, When permission to secure has
been received, the following procedure 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 the return system, and open the drains
to the bilme,

3, Closethe first-effect tube-next vent valvea,

4. Close the air suction and steam supply
valves to the air ejector.

5. Open wide the sgecond-effect tube-nest
vent valve.

f. Hecure the distillate pump.

7. Raise the welr pipes, on both eflfects,
to their highest positions and continue operation

of the ecirculating water pump and brine over-
board pump for 10 minutes or longer fo cool off
the distilling plants,
£. Secure the brine overboard pump,
9. When both tube nests are fully ecovered
with water, secure the circulating pump.
10, Secure the suction and overhoard sea
chests,
11, Secure the feed wvalve to the [irst effect.
12. Close the air ejector and condenser drain
lines to the return system and open the drains
to the bilre,
13. Trip the solencid valve in the distillate
lines to discharge to the bilge,

MAINTENANCE

The full output of a distilling plant can be
maintained for relatively long periods without
interruption only if every part of the plant is
kept in proper operating condition. This can be
accomplished by periodic tests, inspections,
cleaning, and maintenance. No strict scheduls
can be set up but experience with a particular
installation may indicate the frequency of test-
inp, inspecting, cleaning, and maintenance re-
quired for the unit. The following are some of
these maintenance procedures and the approxi-
mate frequency required.

Plant Cutput

Failure to obtain full rated eapacity is one
of the most frequent troubles encountered during
aperation of a distilling plant, The (rouble may
be very difficull io remedy sinece it may result
from a combination of things. The various fac-
tors which promote full output of the distilling
plant are as follows;

1, Proper steam pressure above the orifice,

2, Highest possible vacuum in the first-
effect tube nest,

a. No air leaks,

b. Proper water levels in the evaporator
shells,

r. Evaporator
vented.

d. Ewvaporator
clean,

tube nests continuously

fube nests reasonably

(1) Continuous feed treatmenl and
periodic chill-shocking.
{2} Tubes mechanically cleaned when
necossary,
e, Density of brine overboard not over
1.5/32.
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{1} Owerboard reasonably

piping
{2) Proper valve setlings,
{3) Proper operation of brine pump
[elean piping and strainers, proper gpeed and
direction of rotation, pump properly wented,
gland properly packed and sealed, no air leaks
in piping).
f. Tube nesis properly drained,
{1} Proper operation of all drain
regulators.
{2) Proper aperation of the tube nest
drain pump,
3. Highest possible vacuum in the last-effect
shell.
4. No air leaks.
b, Proper air ejector operation,
(1} Clean nozzle and strainer,
{2) Steam at the required guality and

clean,

guantity.
¢. Ample flow of circulating water.
{1) Clean strainer, pipeline, and
tubes.
{2} Proper valve settings.
{3) Proper operation of the circu-
lating pump.
d. Effective surface
condenser.
{1) Noundue deposits inside the tubes,
(2) Proper venting of the condenser

in the distilling

tubes,
{3} Proper operation of the condensate
pump.

The preceding outline indicatesthe manner in
which the listed factors affect not only another
but also the overall performance and the out-
put of the plant. The location of the factors in
the outline does not necessarily indicate their
relative importance. For example, improper
operation of the condensate pump may affect
the output directly (in addition to affecting the
condenser wvacuum), since undrained distillate
will decrease the condensing surface in the
distilling econdenser, thus affecting the vacuum:
or, in some plants, it may apill 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 plant are
considered in the following paragraphs,

Evaporator Steam Supply

A distilling plant cannot maintain its full
output unless it is supplied with dry steam at
the designed pressure. The orifices supplied

are designed to pass the proper amount of steam
to ensure designed plant output with a pressure
of about 5 psizg above the orifice. The orifice
should be inspected annually, At this time the
orifice should be measured and the reading 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 corrected. First the weight-loaded regu-
lating wvalve should be checked, and then the
preasure reducing valve (if installed), to deter-
mine whether or not the wvalve is operating
properly. If they are fimctioning properiy and
the pressure cannol be maintained above the
orifice, an insufficient amount of sleam isbeing
supplied to the plant,

The auxiliary exhaust steam supply for the
distilling plants, after passing through the regu-
lating wvalve, is usually slightly superheated,
due to the pressure drop through the reducing
valve and orifice plate. A small amount of
superheat has little or no effect on operation or
scale formation; however, if it 18 necessary to
uge live steam, the installed desuperheater
spray connection should be used to control the
superheat, The water for desuperheating must
be taken from the boller feed system, preferably
from the firsi-effect fube nest drain pump,
gince this source provides water at the satura-
tion temperature associated with the first effect
pressure. Water for desuperheating mustnever
be taken directly from the fresh water distilled
by the distilling plant.

Fluctuations in the first effect generating
steam pressure and temperature cause fluctua-
tions of pressure and temperature throughout
the entire plant, The fluctuations may cause
priming, with increased salinity of the distillate,
as well as erratic water levels in the shells,
Proper operation of automatic pressurc rogu-
lators in the steam supply line will eliminate
fluctuation of the pressure in the first-effect
heat exchanzer,

First-Effect Tube Nest Vacuum

The pressure mainfained in the first-effect
tube nest must be within the range of from 16
inches of mercury, with clean fubes, to 1 to 2
inches of mercury. The output of a submerged
tube distilling plant is not greatly reduced until
the deposits on the tubeshave causedthe vacuum
to drop to about atmospheric pressure. When
the [irst-effect tube nest vacuum is lost entirely,
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the reduction in ouiput becomes 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-effect 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 other than deposits on tube surfaces should
be corrected., This will reduce deposits and
greatly prolong the interval of time between
cleanings. The primary factors affecting the
first-effect tube nest vacuum are: air leakase,
low water level in the evaporator shells, im-
proper venting of the evaporator shells, scale
or other deposits on the tubes, and improper
draining of the evaporator tube nests,

Loss of vacuum resulting from deposits on
evaporator tubes should be gradual, Under
normal conditions, there will be no large change
of vacuum for any one day's operation. A sud-
den drop in vacuum can be traced to causes
other than scale deposits.

AIR LEAKAGE.—The generating steam cir-
cuit operates under vacuum and is subject toair
leaks, Leaks from the steam side of the first-
effect tube nest to the first-effect shell space
will cause losses of capacity and economy. Air
leaks from the atmosphere into the generating
steam line (downstream from the orifice plate),
the first-effect tube nest front 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 leaks elsewhere
because the effect on the plant is similar to the
scaling of the ube surfaces,

The importance of eliminating air leaks
cannot be overemphasized. Many distilling
plant troubles are direct results of air leaks.
Extreme care must be taken in making upjoints
and in keeping them tight., Jolnts should be
periodically tested under pressure and, when
necegsary, shellacked,

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 candleflame 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
digtilling plant, The manufacturer's technieal

manual deseribes 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 should be taken not to exceed the
maximum limit of the test pressures specified
by the manufacturer,

WATER LEVEIS IN EVAPORATOR
SHELLS.—A reduced first-effect tube nest vac-
uum ecan result from too low a water level in any
evaporator shell, On older plants, the water
levels are controlled by manually regulating the
feed valves. On newer ships, the water levelsare
automatically controlled by weir type l[eedregu-
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 air leakage or heavy scale deposits in the
feed lines between the effects. It is important
that the gage glass and the gage glass fittings
be kept free of scale or false water level indi-
cations will result, Air leaks around the gage
rlass will also resuli in false level indications
in the gage glass.

Onee the distilling plant is in operation, the
feeding musdt be maintained at a steady rate,
Sudden rising of the water levels or too high a
water level will cause carry over of small par-
ticles of brine with the vapor (priming). The
level of water in the shell must be carried at
the highest level that can be held and still pre-
vent the carrying over of salt waler particles
with the fresh water wvapor or scale will form
rapidly on exposed tube surfaces.

The pressure differential between the first
and second effects permits the second-effect
feed to be discharged into the second-effect
shell, A partial or total loss of pressure dif-
ferential indicates that air leaks have occurred
between the first and second-effect shells in
the two-effect distilline plants. Larpge air leaks
between the first and second effects can be
readily detected because the vacuum gage for
the first effect will read approximately the
same a8 the vacuum gage for the second effeet.
Large air leaks of this type will disrupt the
operation of the plant and must be located
and repaired before the plant will operate
properly.
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IMPROPER VENTING OF EVAPORATOR
TUBE MESTS.—Improper venting of the evapo-
rator tube nests causes either an aceumulation
of air in the tubes, with a loss of capacity, or an
excessive loss of tube nest steam to the distilling
condenser, with loss of economy. Troubles of
this type usually result from improper operation
rather than from material failures.

SCALE DEPOSITE ON EVAPORATOR
TUBES.—When the firsl-effect tube-nest vacuum
decreases, the evaporator output alsodecreases,
Assuming the reduction in vacuum is due to scale,
and i8 not the result of improper operating con-
ditiona, the evaporator tubes MUST be cleanad
when the tube-nest vacuum approaches zero, To
maintain adequate output the tubes SHOULD be
cleaned when the first-effect lube-nest vacuum
falls below 3 inches of mercury.

Salt water flows inside the distilling con-
denser tubes, air ejector condenser, and vapor
feed heaters, Under some operating conditions,
gcale deposits may accumulate inside these
tubes, particularly in the air ejector condenser
and the first-effect feed heater. Every 6 months,
or whenever the plant is secured for descaling
evaporator tubes, the inside surfaces of these
heat exchanger tubes should be inspected and
cleaned if necessary. Neglect can lead to thick
scale deposits which will be difficult toremove.

deale  Prevention,—Very little hard scale
should form in a distilling plant using sea water
for feed if: feed water distribution is proper,
steam pressure above the orifice is not more
than 5 psig, a high vacuum is mainfained, and
the density of the brine overboard is not over
1.5 thirty-seconds,

During normal operating conditions, scale
deposits will form al a certain rate on the
distilling plant evaporator tubes. The rate 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 remem-
ber is that excessive scaling of the evaporator
tubes can be caused by improper operation of
the distilling plant.

The scale deposits increase as the densily
of the brine in the last-affeet shell increases.
The brine concentration is dependent mainly
upon the quantity of brine pumped overboard
and upon the amount of fresh water produced.
If the brine concentration is too high, there
will be an increase in the rate of scaling of

the evaporator ftubes, and the quality of the
distillate may be impaired.

To retard the formation of scale on evap-
oratar tubes and to minimize priming, solutions
are continuously injected into the evaporators,

A chemiecal compound known as HAGEVAP
replaces cornstarch and boiler compound for the
treatment of evaporator feed water andhasbeen
accepted as the Navy STANDARD FEED TREAT-
MENT COMPOUND. Hagevap has proved to be
superior because of itsability to prevent the for-
mation of scale. The use of Hagevap increases
the production of distilled water by decreasing
the amount of time that plants must be shut down
for ecold shocking and scale removal,

Hagevap 18 composed of polyphosphates,
lipning, and antifoam agents. The polyphos-
phates combine with the secale-forming par-
ticles in sea water, while the lignins keep
the resulting solids dispersed and suspended.
The antifoaming agents prevent foaming and
help prevent scale.

Proportioning pump and tank 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 from top to bottom of the gage glass
and a simplex or duplex proportioning pump
having a maximum capacity of 2.5 gallons per
hour per pump. BSome assemblies may differ
in the capacity of tank and/or pump, Installation
instructions in the form of SHIPALTS have been
issued for all classes of ships having low
pressure submerged tube or wvertical basket
type distilling plants installed,

The required amount of Hagevap should be
dissolved, by stirring, in a bucket of warm
water at a temperature 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 a total of 24
gallons, then the mixture should be stirred
thoroughly to ensure a uniform solution, This
mixing and dilution can be carried out while
the pump continues to deliver Hagevap to the
operating evaporator.

The simplex pump consists of one pump and
one motor, The duplex pump consists of two
pumps, driven by one motor, served by the
same mixing tank. Duplex pumps may serve
two distilling 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 purmp,
the length of the stroke determines the pump
capacity, The stroke is adjusted but is never
set at less than 20 percent, as accuracy of the
injection rate and lubrication of the pump
plunger will be affected. If possible, the pump
stroke [or strokes on a duplex pump) should
be set to empty the mixing tank, from the top
to the bottom of the gapge glass, in exactly 24
hours, If this rate of injection should require
a pump stroke of less than 20 percent, then
the stroke should be set to empty the tank in
less than 24 hours, preferably in 12 or 8 hours
tor enable easy establishment of a routine for
refilling, Howewver, if the fime is 12 hours the
golution will contain only half the amount of
Hagevap required for a 24-hour period, and
the tank must be filled twice aday, If the period
of time for emptying the mixing tank is & 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 crank arm, and wverified 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 inu:liu:;.'a,l:lur pointer
on 5 will result in a delivery of 3 1/2 gph, To
change the stroke, stop the pump and loosen
the crankpin locknut. Wateh the pointer on the
indicator scale and turn the adjusting screw
the required amount, Tighten the crankpin lock-
nut and restart the pump, Check the time re-
guired to empiy the itank and reset the pump
stroke 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 relatively fine adjustments in the
amount of solution allowed to follow into the
E'.?&FIDI'H.EDI'.

For submerged tube and basket type distill-
ing plants, Hagewvap should be injected into the
evaporator feed system at a rate not to exceed
1 pound per 10,000 gallons per day distilling
plant cutput. This rate of injection is required
during the entire time the plant is in operation.
A 4000-gpd plant requires 4,10 of a pound for
a 2d-hour period. Twol2,000-gpd plants require
the same quantity as a 24,000-gpd plant, or
2.4 pounds per day.

The injection rate of 1 pound per 10,000
gallons per day is a maximum figure; the
most effective figure will probably be closer
to 3/4 pounid,  The best figure ean be arrived
at by reducing the amount of Hagewvap for each
batch. FEach mixture should be tried for a
week and if no scale is found on the evaporator
tubes the amount of Hagewvap can be reduced
further, I scale forms during this trial, it will
gradually crack off when the proper injection
rate ig established. The brine overboard den-
gity should always remain at 1.5 thirty-gseconds
as the density will influence the effectiveness
of the Hagevap.

For flash type distilling plants, Hagevap
feed treatment is not necegsary for scale
prevention in two-stage units; for unifs with
more ihan two stages, however, this treatment
has proven beneficial., In a 50,000-gpd flash
type distilling plant, 6.0 pounds of Hagewvap
should be injected per 24-hour period.

The effectiveness of the Hagewvap treatment
can be checked by observing the shell steam
temperature in the evaporator feed water heater,
Changes in the shell temperature, with the same
feed water flow, indicate changes in the re-
sistance in the heat path between the steam and
the feed water. Increases in the shell tempera-
ture indicate a buildup of either scale or
Hagewvap sludege; inspection will determine which,

At least weekly and more often ifnecessary,
the solution left in the bottom of the mixing
tank should be drained to the bilges and the
tank flushed out with fresh water., Particularly
in warm climates, the Hagevap solution will ke
affected by bacteria action forming a sludge or
jellylike substance. Thisformationisharmless,
insofar as the evaporator distillate is concerned,
but it will affecl the scale control performance
of Hagevap treatment.

Scale Removal.—As previously stated inthis
chapter, the evaporator tubes of a submerged
tube type unit MUST be cleaned when the firsl-
effect tube-nest vacuum approaches zero. The
vertical basket type unit should be cleanedwhen
it becomes necessary to use a steam pressure
of 4 psig, or more, in the first-effect steam
chest, to produce rated capacity, The flashtype
unit will require cleaning when it becomes nec-
essary to use a steam pressure of 4 psig in the
evaporator feed water heater., Assuming these
reduclions in capacily are due to scale and not
the results of improper operation, an approved
cleaning method should be used to remove the
scale, Some of the approved scale removal
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methods are discussed in the paragraphs which
follow, (NOTE: Chemical cleaning is the first
choice; however, cold shocking will have to be
used when facilities are not available for chem-
ical eleaning.)

The first-effect tube nest, in which the tem-
perature of the tube nest is near that of the
steam supply, tends to scale up more quickly
than other parts of the plant, To combat this
scale, some method of CHILL SHOCKING (COLD
SHOCKING) the tubes is generally provided.
This is done by draining the brine from all
shells, then reflooding them by means of a hose
line connected to a flushing pipe or flooding con-
nection on the shell. This reflooding chills the
tube-nest bundles, Steam is then quickly ad-
mitted inte the tubes, causing differential ex-
pansion and contraction to take place, which
breaks the acale loose from the tubes.

If a feed treatment is not used, the distilling
plant should be chill shocked daily. I the Navy
standard feed treatment is used, chill shocking
will not be required.

Chill shocking on a submerged tube type
evaporator is performed as follows:

1. Secure the steam supply to the first-
effect tube nest, the tube-nest drain pump and
its discharge wvalve, the distillate pump, and
the fresh water pump.

2., Open the emergency circulating water
overboard wvalve at the outlet from the air
ejector condenser and secure the first-effect
feed valve.

3. Open wide all interstage feed valves,
In plants which have shell drain or pump-out
lines connected to the brine pump suction,
unlock and open wide the valves in these lines.

4, Pump out the brine from all evaporator
shells.

5. Connect a hose line to the flushing
pipe or flooding connection.

B. 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
out all evaporator shells,

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 wvalve and open
quickly the steam supply wvalve to the first-
effect tube nest. The flow of steam will be
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restricted somewhat by the orifice, if installed,
and should he increased by loading the weight-
loaded regulating valve to produce not more than
10 psig pressure above the orifice. After the
plant has warmed up, the pressure should be cut
back to normal.

9. Start the pumps and regulate the water
levels as necessary to put the plant in steady
operation.

10. If the plant is one of the earlier installa-
tioria which have chill shocking and spraying
water supply from the fire and flushing main,
disconnect the hose line from the flooding or
flughing connection to protect the evaporator
shells from possible excessive pressure, Such
installations should be changed to utilize the
digtilling condenser circulating water pump
discharge at the earliest opportunity,

After chill shocking, and about once a week,
remove the handhole plates on the bottom of
the evaporator shells and rake out the scale
which has flaked off the tubes.

The capacity of a distilling plant is not ap-
preciably reduced by scale deposits on the
EVAPORATOR TUBES until the deposits have
caused the [irst-effect vacuum tobe reducedto 1
or 2 inches of mercury. When scale deposits
cause the vacuum to approach zero, the tubes
MUST be cleaned to keep the plant operating at
ils maximum efficiency. When the plant is
properly operated and the feed water istreated,
the interval between cleanings should be about 8
months, The evaporator fube nest must be with=
drawn from the shell for the cleaning. Lilting
gear suitable to the type of installation isusually
provided to facilitate removing the tube nest,

Some submerged tube type evaporators or
distilling plants are provided with an owver-
head trolley from which the tube nest may be
suspended for cleaning. Another type is provided
with tracks and roller brackets which bolt to
the fromt head of the tube nest. Chain falls can
be used to handle the tube nesl in small
installations.

When the tube nest is withdrawn beyond
the support plate, the tube-nest stop should
be bolted in place to prevent accidental dropping
of the rear head. The tubes are cleaned with a
light sealing tool operatedby a light air hammer,
It should be held against the tube with moderate
pressure, and moved over the entire length of
the tube. Every tube inthe nestmust be cleaned,
a8 missing one will impair the output of the
plant and also make cleaning more difficult in
the future.
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A toreh should never be used for descaling
a tube nest made up of straight tubes. 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 shell,

When the evaporator tubes are pulled for
cleaning, the DISTILLING CONDENSER, AIR
EJECTOR CONDENSER, and the VAFPOR FEED
HEATERS should he inspected and cleaned, if
necessary., The distilling condenser on Soloshell
plants must be removed for inspection and clean-
ing, On other fypes of plants the distilling con-
denser can be inspectedandcleaned 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 om
practically all designs must be removed for
cleaning.

The cleaning of these tube nests is accom-
plished by means of an extended shank drill,
driven by a reversible motor at 250 or 300 rpm,
or by standard fube-cleaning equipment adapted
for use with 5/8-inch outside diameter con-
denser tubes,

CHEMICAL CLEANING has proven to be
fagter, more economical, more effective, and
legs detrimental to evaporator parts than me-
chanical cleaning. In chemiecal eleaning, a
heated, diluted acid solution is circulatedthrough
the salt water circuits of the syatem, The two
acids most commonly used are hydrochloric and
sulfamic, In using these acids which may be
harmful to personnel, OBSERVE THE BAFETY
PRECAUTIONSE AND FOLLOW THE PROCE-
DURES LISTED in chapter 9580 {58) of BuShips
Technical Manual.

Hydrochloric acid comes in liguid form and
presents hazards in handling and storing., The
use of hydrochloric acid is authorized ONLY
when properly supervised by gualified naval
shipyard personnel, never by ship’s force
alone,

Sulfamic acid comes in powdered form and
is safe for storage aboard ship, when stored
in the original containers. The uge of sulfamic
acid is authorized under the supervision of
qualified tender or naval shipyard personnel,
Al the discretion of type commanders, individual
shipas may be authorized to carry sulfamic acid,
and cleaning may be performed by qualified
personnel in the ship’s crew. Cleaning can be
accomplished by passing 50-gallons slugs of
solution through the feed and brine systems.
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This should be done while the plant is in opera-
fion., A solution containing 50 gallons of sea or
fresh water and 50 pounds of sulfamic acid
powder can be injected into the distilling plant
in two ways; by taking feed pump suction through
a hose-valve assembly directly from a container
of acid solution, or by using the plant vacuum
to draw inthe solution. Regardless of the method
of injection used, the solution should be injected
as rapidly aspossible, The distilling plant should
remain in operation so the solution will be
heated as it passes through, The plant may be
unbalanced by interruptions in flow but will
settle down quickly when the feed water [low
is again constant.

Careless handling of the acid solution can
result in injury to personnel and equipment,
The chemicals are harmful to the eyes and skin.
If possgible the chemicals should e handled by
mechanical means rather than manually; pro-
tective clothing should be worn at alltimes dur-
cleaning operations,

Chapter 9580 (58) of BuShips Technical Man-
ual has a complete list of safety precautions and
procedures which must be carefully 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 temperature 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 mercury, or more,
ecan generally be traced to one of the following
factors: air leaks, improper operation of air
ejectors, insufficient flow of sea water, and in-
pffective use of heat transfer surface in the
distilling condenser (improper drainage).

FROPER OPERATION OF AIR EJECTORS.—
In operation, air ejectorsrequire little attention.
However, the following - points should be noted.

1. The steam pressure at the nozzle inlet
must not he 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 steam line, and it may be
necessary to carry a higher pressure on the
gage, Pressures at the air ejecior nozzle may
be 10 to 15 psig higher than the minimum
specified by the manufacturer.
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2, The primary causes of air ejector trouble
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 reqguired vacuum. If the 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 hy
installing a trap or by manual means. [If the
nozzle or steam strainer is clogged, it must be
removed and cleaned., Most plates are pro-
vided with two sets of air ejectors; this permits
the use of the plant on one unit while the second
is awvailable for cleaning or repair, However,
some of the latest plants have only one set of
air ejectors,

When it becomes necessary to clean air
ejector nozzles, they can be cleaned with the
special nozzle reamers furnished each ship for
this parpose. Sharp-edged tools should never
be used for cleaning nozzles, The nozzle sur-
faces will be damaged and the efficiency of the
air ejectors will be impaired.

A procedure 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 air
ejectors as for air ejectors for main con-
densers.

The air ejector strainer is usually an inte-
gral part of the air ejector inlet. It should be
inspected regularly and cleaned whennecessary,
When a new plant is first pul into operation,
the strainer may require cleaning every day or
even more frequently, but once the lines have
been thoroughly cleaned, monthly inspections
ghould be adequate. Failure tokeepthe strainer
clean will cause a reduced or fluctuating vac-
uum. In the event a strainer or a nozzle be-
eomes damaged, it should always be replaced
with a new one.

INSUFFICIENT CIRCULATING WATER.— An
insufficient flow of circulating water isindicated
if the temperature of the water rises more than
20° F in passing through the condensing section
of the distilling condenser. The last-effect shell
pressure is directly dependentupon the distilling
condenser vacuum. The vacuum is dependent
upen the temperature and quantity of the circu-
Iating water, and the proper operation of the air
ejectors. Too low an overboard discharge tem-
perature of the distilling condenser circulating
water is accompanied by efficiency lossesin the
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digtilling plant. The overboard discharge tem-
perature should be kept as high as possible,
without exceeding the desired 20° Ftemperature
rigse through the distilling condenser. In addi-
tion, limiting the quantity of circulating water
tends to prolong the service life of the tubes
and tube sheets. When troubles occur which do
not result from improper operating procedures,
an inspection should be made of the condenser
circulating water system to determine the cause
of faulty operation.

Routine preventive maintenance procedures
should be carried out to ensure that the circu-
lating water pump is maintained in good ma-
terial condition. The maintenance and repair
procedures for this pump are similar to those
for the other pumps of the plant,

Routine procedures should be earried out 1o
engure the proper setting and maintenance of
the back-pressure regulating wvalve. I this
valve is not Munctioning properly, the walve
should he disassembled, the wvalve parts re-
placed, and repairs to the valve made (as
found necessary), before its faulty operation
interferes with the operation of the distilling
plant,

To ensure that the condenser circulating
water system 18 clean and free from scale and
foreign matter, the piping should be inspected
at regular intervals. The operators of the dis-
tilling plant should periodically inspect and
clean the strainers to prevenl accumulations of
foreipn matter from Inlerfering with the proper
operation of the plant.

IMPROPER DRAINAGE.—Failure of the dis~
tilling plant to produce designed output when the
pressure above the orifice is 5 psigandthe first-
effect tube nest vacuum is several inches of
mercury always indicales improper drainage of
the distilling condenser or of one of the evapor-
ator tube nests subsequent to the first effeet,
Complete flooding of the flash chamber gage
rlass is also a positive indication of improper
draining of the condenser, bul the fact that the
leyel appears to be in the gage glass or below,
ig not necessarily an indication of improper
drainage because air leaks at the page glass
fittings may indicate a false liquid level,

A temperature difference of more than 5° F
to 10° F between the last-effect shell tempera-
ture and the temperature of the distillate at the
distillate cooler inlet is another indication of
improper drainage: however, the fact that the
temperature difference is within the proper
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range doss not necessarily indicate proper
drainage,

Scale deposits are unlikely to form in the
distilling condenser tubes if the plant ig prop-
erly operated and a full flow of ecirculating
waler is maintained, However, if scale deposits
do oeeur, the tubes must be cleaned.

Venting of the vapor side of the distilling
condenser is continuously accomplished by the
air ejector. Venting of the salt water side of
this and other units of the distilling plant need
not be continuous, While starting the plant and
once every watch thereafter, 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 he cloged,

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 or a hydrostatic test, in accord-
ance with the recommended procedure in the
manufacturer’s instruetions, Blueprints should
also be used to study the construction details
aof the individual heat exchanger.

As soon as a leaky tube has been located,
it should be plugzed at both ends. Special com-
position plugs, which are provided in the allow-
anee of repair parts, should be used.

Since plugging the tubes reduces the amount
of heating surface, the heat exchanger will fail
to pive satisfactory performance after anumber
of tubes have been plugged, It will then hecome
necessary (o retube 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 special tonls are
included in the Ship's Allowance List, so that
emergency repairs can be made to the heat
exchangers and to other parts of the distilling
plant,

To find which of the tuhes within a REMOV-
ABLE TUBE BUNDLE isleaking, it isnecessary
to test the individual bundles hydrostatically.
If the leak is in a removable bundle {vapor
feed heaters when within an evaporator shell,
evaporator fube nests, distilling condensers on
Soloshell end-pull plants), the bundle musat be
withdrawn and 2 hydrostatie test at full pressure
(50 p=il pust be applied on the tube side,

If a leak oceursina NONREEMOVABLE TUBE
BUNDLE (distillate coolers, air ejector con-
denser, external vapor feed heaters), the tube
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nest covers must be removed, and the full test
pressure (50 psi) applied on the shell side of
the unit.

If a nonremaovable distillate condenser bundle
is within an evaporator shell, the tube nest covers
must be removed and a full test pressure of 30
pei should be applied to the evaporator shell,

If the distilling condenser is fitted with a
diaphragm-tube (Goubert) expansion joint, atest
ring will be required to replace the tube nest
cover for testing.

Constant Brine Density

The concentration of brine in the evapo-
rators, to a certain extent, has a direct hearing
on the guality of the distillate, and since vary-
ing guantities of brine discharged overboard
may affect the operating conditions, the guan-
tity of brine discharged and the brine density
must be kept as constant as possible.

If the brine concentration is too low, there
will be a loss in capacity and economy, If the
brine concentration is too high, there will be
an increase in the rate of sealing 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
aof 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
the brine density is adjustedby means of a hand-
controlled 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 iz controlled by adjusting the
first-effect feed wvalve. Increasing the rate of
feed decreases the brine density, anddecreasing
the rate of feed increases the brine density,

Frequent changes of brine density have a
tendency to disrupt steady performance of the
plant, therefore, only very smallchanges should
be made. The proper setting for a specific
plant should be maintained in accordance with
manufacturer’s instructions,

Use of the Salinometer

The salinometer is an instrument (on the
prineiple of a float) for measuring the degreas
of salinity or the concentration of the brine
{pounds of digsolved salts to 32 pallons of sea
water). It is a hollow, metal vessel weighted at
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the bottom, and having a projecting stem which
i graduated in four scales to read the salinity
for wvarious femperatures of the brine. The
graduations are marked in thirty-seconds, as
shown in figure 11-13, When the salinity of a
sample of brine is to be measured, the temper-
ature of the sample should be brought to a tem-
perature corresponding to that of one of the
scales on the instrument in order that an accu-
rate reading may be obtained. The aceu-
racy of the salinometer should be checked oe-
casionally by placing it in distilled water; if it
is accurate, it should sink to the zero mark on
the secale corresponding to the temperalure of
the water,

A pot iz provided for holding the sample of
brine. The pot must be amply deep so that
there is no danger of breaking the bottom of the
salinometer when it is placed in the pot, To
usg the salinometer proceed as follows:

1. Draw off 4 sample of brine, from the
test cocks on the discharge side of the brine
pump, then insert the thermometer into the
sample.

2. Allow the sample to cool to the tempera-
ture of one of the scale temperatures.

3. Put the salinometer in the pot and read
the depgree of salinity.

4, Remove the salinometer and wipe off all
moisture since accumulations of salt or dirt
will result in false readings,

CARE AND MAINTENANCE OF
DISTILLING PLANTS (GENERAL)

The care of strainers, miscellaneous clean-
ing of parts, inspection of zincs, and trouble-
shooting arve f[actors which should not be over-
locked in maintaining all types of distilling
plants. These factors are discussed in the
paragraphs which follow.

Care of Strainers

Quick-opening, flanged, basket type strainers
are installed in the suction lines of the brine
and circulating pumps, to prevent foreign mal-
ter from entering the pumps and piping svstems
of the distilling plant. The brine pump suction
strainer should be inspected and cleaned when
the plant is secured, and after any repairs that
might cause seale to fall into the brine suction
line.

The clogeing of this strainer interferes with
the operation of the pump, and, in a submerged

(]

47.136%
Figure 11-13,—Balinometer and sampling pot.

tube distilling plant, makes it impossible to
maintain the brine density at 1.5thirty-seconds,
A elogged strainer in aflash type plant will cause
the last flash stage to flood.

The circulating pump suction strainer should
be inspected about once a week when at sea, and
more freguently when in port., Even partial
clogging of this strainer will result in a reduc-
tion in the flow of circulating water, which in
furn causes a reduced vacuum, Secale will then

[
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form more rapidly on the evaporator tubes and
inside the wvapor feed heater and air ejector
condenser tubes,

Miscellaneous Cleaning

When the distilling plant is dismantled for
cleaning evaporator tubes, a number of other
parts should be inspected, and cleaned if neces-
gary. The feed water distributing pipes, flush-
ing pipes, and separate drain lines should be
removed and any scale deposits cleaned out,
The hooks and troughs 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 ha-
tween effects, brine lines, and brine pump im-
peller should all be inspected, and cleaned if
necessary.

Inspection of Lincs

Zine rods or plates are usually 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 zine should
be inspected and cleaned about once a month,
When a zine is more than half corroded, a new
one should be installed,

A new type of high-purity zine, known as
ANODE ZINC, is being installed on naval ships.
Zine protectors made of this material have the
ability fo slough off corrosion producis as
rapidly as they are formed. This character-
istic allows the zinc to give continuous protec-
ticm against galvanie action, since the zine does
not become encrusted with corrosion products.

Troubleshooting

When distilling plant troubles occur, the
first step to take iz to check the readings of
the wvaricus thermometers and gages., These
readings should be checked against the pre-
vious hourly reading entered in the operating
record. As a rule, an erratic or abnormal
reading will indicate trouble in one of the seven
different circulating systems, or in a compo-
nent part of the distilling plant. Using the
manufacturer's technical manual and drawings
as guides, note all possible troubles that may
oceur in the isolated system, or part, and those

that will produce the same abnormal readings.
Each item on this list of probable troubles
should then be checked by means of a detailed
inspection. The items that involve the least
amount of work, or dismantling, should be in-
spected first. This procedure of inspections
and tests of individual units of a gystem, or the
major parts of a distilling plant, should be
continued until the cause of the trouble has
been located.

There may be times when all component
parts of a system under investication will be
in good condition, This may be confusing fo
inexperienced personnel. However, the trouble
shooter should start again and recheck the
probable causes of the trouble. With the addi-
tional knowledge gained from the inspections
and tests that were made, the trcable shooter
can reconsider the symptoms of the trouble,
It is possible that troubles existing elsewhere
in the system may cause similar results.

One of 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 locate the causes for low
output, both the operational procedures and the
material conditions must be carefully investi-
gated, Low output may result either from an
accumulation of troubles or fromunsatisfactory
conditions, In checking on the numerous pos-
sibilities which may cause a low output of the
distilling plant, a systematic procedure should
be followed. The investigation should not be
stopped when one unsatisfactory condition is
found, but continued until all possible troubles
have been carefully checked, Continuoustrouble
with a low distilling plant cutput can usually be
traced to inexperienced operating personnel and
to inadequate preventive mainfenance proce-
dures.

FLASH TYPE DISTILLING PLANTS

Flash type distilling plants have become the
standard for all the larger surface shipinstalla-
tionsa., These plants use low pressure steam and
operate on the principle of evaporation followed
by condensation. The flash type unit may have
two or more stages. For example, CVA-62 is
equipped with five-stage units, each having a
capacity of 50,000 gallons per day. Two-sgtage
units of 12,000 gallons per day are being in-
stalled on new destrover type ships.
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PRINCIPLES OF OPERATION

Each stage of a flash unit has a flash cham-
ber, a feed box, a vapor separator, and a dis-
tilling condenser. There is also a two or three
stage alr ejector, distillate cooler, and a feed
water heater, Feed water passes through the
tubes of the distillate ecoocler, the distilling
(stage) condensers, and the alr ejector con-
denser. In each of these heat exchangers the
feed water picks up heat and the final heating is
done by low pressure steam admitted tothe shell
of the feed water heater. From this heater the
feed water enters the first stage feed box and
comes out through orifices into the flash cham-
ber., As the heated feed water enters the
chamber, a portion flashesor vaporizes because
the pressure in the chamber {5 lower than the
saturation pressure corresponding to the tem-
perature of the hot feed, This vapor condenses
on the tubes of 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 formedin each
stage passes through a vapor separator andinto
the stage condenser where il is condensed to
distillate, The distillate passes through a loop
seal on its way to the condenser of the next
stage. The distillate pumpremoves the distillate
from the last stage,

FRINCIPAL PARTS

The unit discussed in this section is a five-
stage plant in which feed water is flashed to
vapor in five evaporator stages al successively
lower pressures, The flashunit, shown in figure
11-14. consists of five evaporator-condenser
stages in a single enclosure, Within each stage
sea water is evaporated and condensed in a
vacuum,

Comnections, or passazes, thal exist between
evaporator stages are the feed water and dis-
tillate loop seals, which permit the flow of feed
water and distillate from stage to stage while
preserving the varying degrees of vacuum in
each stage.

The condensers are mounted on top of each
stage between the [ront and rear water boxes.
Feed water flows through the tubes in six
passes, entering at the lowest fubes at the
front of the condenser, reverasing direction at
the water boxes three times and leaving at the
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top of the tubes in the condenser. Each con-
denser has a pet cock for venting entrained air
or noncondensable gases,

The evaporator stages become larger in
the direction of reduced pressure. The feed
water loop seals which extend from the bottom
of evaporator stage one through four are visi-
ble as cylinders, An evaporator drain is lo-
cated in the center of the dished bottom of each
loop seal, The flanged brine outlet from the
evaporator is at the bottom of the fifth stage.

The distillate loop seal between the dis-
tillate collection trough of one stage and the
condensers of the following stages also pro-
trude below the bottom of the evaporator.

If the salinity of the distillate reaches 065
EPM per gallon a warning device indicates the
high salinity. The salinity cell shutoff valves
permit withdrawal and descaling of the salinity
cells without gecuring the unit,

Although each stage condenser produces an
equal amount of distillate, the amount flowing
from each stage is larger than the preceding,
as the distillate accumulates in its flow toward
the distillate cooler. Consequently, the loop
seal piping grows progressively larger,

The total distillate production of the five
stages is withdrawn from the bottom of stage
five and pumped into the shell of the distillate
cooler, and on to the storage tanks.

THE DISTILLATE COOLER is a heat ex-
changer of the shell and tube type, in which the
heat of the hat digtillate flowing around the tubes
is transferred by conduction to the cooler feed
water flowing through the tubes.

Distillate flows into the shell space sur-
rounding the tubes through an inlet near the
feed water outlet. The distillate is retained in the
cooler long enough toefficiently transfer its heat
through the tubes by vertically placedbaffles, as
it flows from top to bottom of the cooler,

Thermometers are mounted on the inlet and
outlet piping of the cooler. Another thermome-
eter 1 mounted on the feed water inlet piping.

As the distillate leaves the cooler it is
pumped to storage tanks, providing the salinity
does nol exceed 065 epm per gallon, (I the
salinity exceeds 085 epm per gallon, a sole-
noid trip valve operated by a salinity indicating
cell, dumps the distillate to the bilges or waste
tank until the salinity is again back to or be-
low 065 epm per gallon.)

Pet cocks are located on each end of the
cooler 80 as to bleed off any accumulation of
air or noncondensable gases,
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Figure 11-14.— Flow diagram for a five-gtage flash type distilling unit—continued.

THE FEEDWATER PREHEATER is a gasor
liquid heat exchanger of the shell and tube type,
similar in design to the distillate cooler. The
preheater is located in the feed water line be-
tween the condenser of the first evaporator stage
and the salt water heater (fig, 11-14).

High pressure ship’s steam, first used by
the air ejectors to evacuate the stage evapora-

tors, is piped into the preheater shell, A serics
of five baffles, spaced close together in the top
steam outlet reduces the veloeity of the steam
which condenses on the outside of the heat
transfer tubes,

Feed water that has alreacdy been partially
heated in the tubes of the distillate cooler and
the five-sltage condensers flows through the
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tubes of the preheater wia the front water box
in a single pass, acquiring the heat 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 the piping below the
condengate outlet to dump high salinity water
to bilge or drain tank. A B-inch loop seal in
the condensate line is necessary to ensure that
the salinity cell is submerged at all times.

A thermometer is located on the fromt of
the preheater, a pet cock for venting is also
lozated on the water hox.

THE SALT WATER HEATER ig 2 gas or
liquid heat exchanger designed to raise the feed
water temperature prior to its entrance intothe
ftash chamber of the firstevaporator stage. The
salt water heater is mounted on the operating
end of the evaporator and extends the full width
of the unit, Feed waler enters and leaves the
heater from the front water box after makding four
passes through the heater.

Four thermometers are installed on the
heater, two to measure the feed water inlet and
outlet temperature; a third, mounted on the
heater shell to measure the steam temperature
surrounding the tubes; a fourth is mounted on
top of the heater shell to measure the temper-
ature of the desuperheating temperature in the
steam side.

Low pressure sfeam in the heater passes
through an orifice which provides, within limits,
a uniforim flow of steam. It then flows past the
desuperheater nozzle, which reduces steam
femperature in fthe shell of the heater, Steam
pressure is indicated by a pressure gage on
the operating panel.

The entering steam is directed along the
length of the tubes by impingement baffles,
which prevent erosion of the tubes., Steam
condenses on the tubes and falls to a conden-
sate well at the bottom of the heater shell. {A
drain repulator of the float-type controls the
level of the condensate in the well, A salinity
cell, set to energize at 0.10 epm controls a
shutoff wvalve located in the ship’s piping be-
tween the drain pump and regulating valve.)
The desuperheater atormizes the heater con-
densate in the low pressure steam side of the
heater.

Since the function of the salt water healer
is to provide feedwater to the inlet of the first
evaporator stape flash chamber and the amount
of heat from the steam is constant, the feed

water flow through the heater must be ad-
justed according to the inlet temperature so
the feed water temperature may be constant,
The feed water flow is controlled by a wvalve
on the outlet side of the heater.

The air ejector PRECOOLER is a gas or
liquid heat exchanger which cools nonconden-
sables and condenses steam drawn from the first
three evaporator stagesandthe salt water heater
by a two-stage vacuum-producing air ejector.

The precooler receives its coolant from the
feed water pumped into the distilling unit, The
flow is through heat transfer tubes, making six
passes, entering and leaving at the front end
of the conler.

Steam and noncondensables are drawn into
the cooler at the top near the rear of the cooler.
Impingement baffles at the inlet and seven
vertical baffles through which the transfer
tubes run direct the flow of hot gases around
the tubes for efficient heat transfer.,

Condensate collects on the tubes and drops
to the bottom of the shell. A salinity cell op-
erates a shutoff valve in the precooler conden-
sate line to dump to bilge or drain 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 first ejector of the two-
stage air ejector system. The two air ejectors
produce a vacuum in the precooler which re-
sults in the flow steam and noncondensables
from the evaporator.

A thermometer 18 mounted on the [eedwater
inlet of the cooler.

Cooling water from the air efector precooler
flows inlo the AFTER-CONDENSER, the fifth of
the heat exchangers mounted on the evaporator.
The after—condenser completes the condensation
of any air ejector steam not condensed in the
precooler andcoolsnoncondensable gages before
venting them to the atmosphere. It enables the
unit to operate without emission of steam from
the evaporator,

Cooling water enters and leaves the after-
condenser through an inlet pipe in the front, and
an outlet pipe in the rear of the condenser.

Alr ejector steam and noncondensable gases
enter the shell side throuch an inlet in the
front of the unit, Noncondensable gases are
wventad through a valve on the rear of the unit,
1+ Series of vertical baffles direct the steam
around the tubes on which it condenses. Con-
densate is removed through bottom outlets on
both ends of the condenser.
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A salinity cell set to operate at 0.10 EPM
controls a shutoff valve below the condenser,

Three high pressure steam-operated
vacuum-producing ATIR EJECTORS are mounted
on the precooler side of the evaporator unit.
The ejector system consists of a single-stage
{booster) alr ejector and a two-stage air ejector
arranpement in which the steam outlet from one
air ejector is flanged to the suction side of the
other,

The single-stage ejector uses ship's steam
to draw vapor and noncondensables from evap-
orator stages four and five. Gases are drawn
from the evaporator through a vapor duct in
each distillate collection trough so that a min-
fmum of steam is wilthdrawn., Pipes from
stages 4 and § lead to a bronze tee [langed to
the ejector.

The single-stage ejector steam and en-
trained gases leave the ejector outlet tubing,
flow through a check wvalve, and reenter the
evaporator shell through the top of stage three,
from which they are piped into the bottom of
the stage three condenser section,

The purpose of this arrangement is toenable
the single-stage ejector to produce the high
degree of vacuum required in stages four and
five. An ejector discharging into a vacuum is
able to achieve a higher degree of vacuum than
one discharging to atmosphere. A vacuum of
28 inches of mercury is required in stage five,

The two-stage ejector draws nonconden-
gables from the salt water heater and the first
three evaporator stages. Since the noncon-
densibles from stages four and five are directed
back into stage three, the two-stage ejector,
therefore, actually handles all noncondensables
within the unit.

The suction chamber of the second ejector
is flanged to the noncondensables outlet of the
precocler through which the gases pass before
entrainment in the air ejector steam. The
lwo=stage ejectors use ship's steam and pro-
duce a vacuum in the precooler slightly greater
than in the first evaporator stage,

Orifice 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 ejectors from
withdrawing an undue amount of steam from
the evaporator along with the noncondensables.

The discharge of the second ejector is
flanped to the suction chamber of the third
ejector., The discharge of the third sjector is
flanged to piping, containing a check wvalve,
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which runs diagonally across the top of the
evaporator shell to the air ejector steam inlet
of the preheater shell near the front water box,

The pressure of ship’s steam piped to the
ejectors is indicated on the independently
mounted pressure-gage panel. Line pressure
to the air ejectors must be maintained at or
above 135 psig, 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 plping, removes solid matter
from sea water by filtering through one of two
perforated and screened bronze baskets. Basket
wells are located in the body or housing of the
strainer on either side of the centrally located
flanged inlet and outlet,

A lever handle between the wells directs
the feedwater into the left-or right-hand well.
When one basket becomes clogped, flow is
gwitched to the other and the clogzed basket
should be removed and cleaned,

An inlet and outlet angle-type RELIEF
VALVE is flanged into the feed water inlet be-
tween the feed water pump and the air ejector
precooler. The valve is set to open at 75 psig
to prevent pressure buildup from an obstruc-
tion in the feed water lines or accidental
operation of the feed water pump with the feed
water control valve closed,

Two FLOWRATORSE are mounted on the unit
to measure the amount of feed water and cooling
water pumped into the system. Since the amount
of fluid to be measured in both cooling and feed
water lines is large, the flowrators are mounted
in bypass piping arrangements, measuring a
amall portion of the actual main stream flow
but providing a reading on the gradualed scale
of the ecylinder for the entire f(low., Main
stream and range orifices are provided for each
flowrator.

The flowrators serve as manometers. The
pressure drop across the manometer is equal
to the pressure drop created by the constriction
of the main stream orifice, The range orifice
at the inlet of the flowrator constricts the by-
pass flow so that a maximum main stream flow
will register 2 maximum reading on the flow-
rator scale.

MAINTENANCE
Many maintenance procedures for a [lash

type distilling plant are similar to the mainte-
nance procedures required for a submerpged
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tube plant, Both types of plants are subject to
air leakape, 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-
eraphs,

Air Leakage

Since all parts of the distilling plant are de-
sipned to operate under a vacuum except the
circulating, feed, and fresh water lines, extremes
care must be taken to prevent leakage of air
which might seriously interfere with the proper
operation of the plant,

The brine overboard and distillate pumps
fake their suction from points of relatively high
vacuum., Air leakage in the piping to these
pumps is particularly objectionable and must he
eliminated. 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 pages must not be overlooked.

An- & to 10 psip, low pressure hydrostatic
fest should be applied to the entire system at
least orice 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,

Fumps

Proper operation of all pumps is essential
for the successful operation of the distilling
plant. The effect of air leakare into the sue-
tion line of the pumps has been discussed in
the preceding paragraph, Proper operation of
the water sealed gland lines and proper main-
tenance of the glands themselves are necessary

~LEMGTH TO ST TUBES

for dependable operation of the pumps. General
information on operation and maintenance of
pumps may be found in chapter 9 of this
publication; howewer, for details of any specific
pump, consult the manufacturer’s technical
manual,

Salt Water Leakage

Salt watler to distillate or salt water fo con-
densate leaks at any of the various tube bundles
will be immediately indicated by an alarm bell
and a red light which shows at whichcell a con-
ductivity increase has occurred. The cells are
located downstream from each fube hundle.
Tube leaks usually result from damaged or
corroded tubes or from improper expansion of
tubes into tube sheeta.

Faulty tubes may be sealed with plastic tube
plugs or may be removed and replaced in ac-
cordance with standard Navy procedures, as
given in chapter 9460 (46) of BuShips Technical
Manual,

Cleaning Heat Exchangers

The tubes of the 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
require c¢leaning to remowve the hard scale on
the inside of the tubes. A special tool is fur-
nished for this purpose; this cleaning tool is
shown in figure 11-15.

The procedure for cleaning salt water heat-
ers is as follows: Remove the waterheads. In-
sert the special cleaning tool in the tube and
drive it with a 250 to 300 rpm motor. The

I— DRILL SHAMK GROUND
| DowN TO 3%" 50 AS TO
| OPEM FLUTE AT BACK

3% pia

TOOL 5TE7

¥ oRILL
[HIGH SPEED MATERIAL)

#2 moRsE Tﬁ.PEH/
e i orm o

SILVER BRAZED

86,31

Figure 11-15.—Tool for removing scale inside tubes,
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motor should be of the reversible type, Feeda
light stream of water into the opposite end of
the tube to wash the scale from the cutting tool
and out of the tube, A light stream of com-
pressed air may be substituted in place of the
water, Care should be taken not to drive the
tonl too fast and to be certain that the tool is
straight when inserted into the tube,

An 8 to 10 psig hydrostatic tegt should be
performed on the shell of the salt water heater
before replacing the heads. I a greater 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
flagh orifices may be pluggped. TFouling of the
gecond-stage orifices may be evidenced by
water backing up into the first stage; however,
the second-stage orifices are larger and will
not be as readily plugged. Water backing into
the first stage may also be caused by insuf-
ficient pressure difference between the stages,

Since the temperatures thal exist in the feed
boxes are well below the range in which salt
water secale forms, the only plugging or fouling
expected at the orifices would come from the
introduction of foreign matter into the system,
Should the orifices in either stage become
plugged, it will be necessary to remove the
access plate at the fromt of the unit, remove
the perforated plates [rom the feed box and re-
move the obstructing material from the ori-
fices. The feed boxes are constructed so that
the front can be readily removed for accesas to
the orifices,

VERTICAL BASKET DISTILLING PLANTS

Vertical basket distilling plants are used
on surface ships and nuclear submarines. The
low  pressure verlical basket type distilling
plant (fiz. 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 planl and the
submerged-tube lvpe ig in the evaporators. The
evaporator typically consists of a vertieal
chell enclosing a deeply corrugated vertical
basket. (See fig, 11-17.) In very large units
more than one basket may be installed per shell,
Low pressure steam is admitted to the inside

of the first-effect basket and feed water isboiled
in the space between the outside of the basket
and the shell. The vapor formed from the boiling
feed water passes through centrifugal-type vapor
separators and the vapor feed heater into the
inside of the second-effect basket, This hoils
the brine from the first-effect in addition toa
certain amount of feed water in the space be-
tween the shell and the basket, The vapor thus
formed passes through separators to the sub-
sequent effects, or in the case of a two-effect
plant, into the distiller condenser.

FLOW CIRCUITS

The flow gircuits of a vertical basket dis-
lilling unit are illustrated schematically in
figures 11-18, 11-1%, and 11-20. Refer to
these fipures as you study the following deserip-
tions of the flow circuits of the unit,

Steam Flow Circuit

Heating steam from the ship’s auxiliary
exhaust main is fed through a pressure-control
valve to the steam chest of the first effect.
The pressure-conirol valve ig set to maintain
a constant steam supply pressure; it should
be set for 5 psig steam on the upstream side
af the orifice plate for rated cutput, and lower
for reduced output. The heating steam is con-
densed within the corrugated basket: the con-
densate is returned to the ship's condensate
system or reserve feed tanks by the first-effect
drain pump, (See fig. 11-18,)

A steady water level is maintained in the
suction line of the first-effeet drain pump by
the drain controller; this ensures a positive
submergence head for the pump. If the first-
effect drain pump fails, the evaporator can be
kept in operation by bypassing the drain con-
troller and manually controlling the condensate
discharge to the low pressure drain mains; at
least 1 psig pressure in the steam chest is
required, under these conditions, to drain the
condensate.

Feed Flow Circuit

Sea-water feed is taken from o sea chest,
through a strainer, by the gea-water circulating
water pump, and is discharged through the dis-
tillate cooler, (The incoming feed serves io
cool the distillate from the condenser to within
a few degrees of the temperature of the feed.)
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Figure 11-16,— Low pressure double-effect distilling plant (vertical basket type).
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Figure 11-17.—Section view of evaporator
(vertical basket type).

The sea water then passes through the conden-
ger; the major portion (about 76%) goes through
the educator, combines with the brine (from the
second effect), andis discharged overboard, {(See
fig, 11-20.)

The feed remaining in the condenser is
directed through the after condenser and the
vapor feed-water heater to the f[irst effect,
where il surrounds the basket. Violent boiling
fakes place and vapor forms within the first
effect, The remaining brine serves as feed for
the second effect. (Earlier models were equipped
with & branch from the feed line, which lead
from the heating section of the condenser to a
connection on the bottom of the second effect;
as a result, the second effect was supplied with
brine from the lirst effect, and heated sea water
from the heating section of the condenser as
feed,) In current models, all feed enters the
firsl effect.

The brine from the second effect isremoved
by the brine overboard-discharge pump; it is
discharged overboard, through the eductor and
control walve, after it has been combined (in
the eductor) with the sea-water overhoard
discharge {rom the condenser, (See [igs. 11-18
and 11-18.)

Vapor Circuit

The wapor which forms as a result of the
boiling of the feed in the first elfect passes
through the uptake pipe and enters the eyclonic
separator above the evaporation section. Most
liquid particles which carry over with the vapor
are removed by centrifugal force within the
first=-elfect separator, The [irat-affect 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 first effect
to the second effect, condenses as it heats the
feed water passing through the vapor feedwater
heater. The major portion of the first-effect
vapor, however, enters the second-effect steam
chest and condenses as it heats the brine in the
second effect. (See figs. 11-18 and 11-19,)

The vapor resulting from the boiling of the
brine in the second effect passes through the
second-effect uptake into the second-effect sep-
arator, where cenfrifugal force is utilized to
remove water particles from the second-effect
vapor. (Liguid particles from both stages drain
downward and become part of the brine drains.)
This two-stage separation results in distillate
with less than 0.065 epm chloride, under nor-
mal operating conditions. From the second-
stage separator, the vapor passes, through the
steam dome, to the condenser, where the vapor
is condensed as it is cooled by the 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
differential existing between the second-effect
steam chest and the flash tank, The loop seal
permits only condensate to pass,

The vapor from the second-effect steam
dome condenses in the condenser and collects
in the flash tank at the bottom of the condenser.
The distillate (combined condensate drains from
the condenser andthe second-effect steam chest)
is removed from the flash tank by the distillate
pump and is discharged through the distillate
cooler and the solenoid-operated dump valve, to
the ship's service tanks. (See fig, 11-19 and
11-20,)

In some vertical-basket units, the discharge
rate of the distillate pump is controlled auto-
matically by a drain controller, The drain
controller maintains a positive water level in
the flash tank so that the pump will not be-
come vapor-bound., Later models of vertical-
basket units have been equipped with a re-
circulating line (fig. 11-20) to the flash tank,
instead of a drain controller. Athrottle valve is
included in the recirculating line, The recirou-
lating line supplies relatively cold fresh water

365



ENGINEERING, OPERATION AND MAINTENANCE

STEAM DOME \FIRST EFFECT

SNAIL——____ [

CYCLONIC
SEPARATOR

EQUALIZER

SKIRT

CORRUGATED
BASKET TYPE

HEATING SECTION

|

STEAM
SUPPLY

STEAM CHEST

CONDENSATE RETURN TO

""””""J"”’”"’

COMDEMSATE SYSTEM OR
RESERVE FEED TANKS

STEAM
1ST EFFECT VAPOR
BN SEA WATER

2553 18T EFFECT CONBENSATE

VAPOR FEED WATER

/ HEATER

A~ BRINE
GUTTER

TD ZND EFFECT

TO 2ND EFFEGT

47.128

Figure 11-18.—Flow eircuils of a vertical basket unit—{first-effect section.

to the flash tank., The cooling water reduces
the temperature of the distillate below the flash
point; thus vapor lock within the distillate pump
is prevented. The recirculating line also en-
sures, through econfrol of the throttle wvalve, a
positive suetion head on the distillate pump.

Under normal operating conditions, the ver-
tical basket distilling unit produces distillate
with less than 0.065 epm chlovide (0,25 grains
salt per gallon), U the unit is to produce
relatively pure distillate, it is essential that salt
water be prevented [rom entering the vapor and
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Figure 11-19.— Flow circuits of a vertical bagket unit—second-effect section.

condensate systems. To prevent saltwater Noncondensable Gases
contamination of the ship's freshwater

; Air and other noncondensable wvapors in
supply, a salinity eell is provided in each i W A e SR
of the unit's fresh-water lines. If a

maintained throughout the evaporator units
salt-water leak should develop in the by an air ejector. The ejector is of
distillate ecircuit, the salinity indicator the single-nozzle, single-stage, steam-jet
actuates the solenoid dump valve, which type. The ejector, mounted on the side
diverts the contaminated water tg the of the condenser, fakes its suction from
bilge until the wunit ecan be secured and a specially ballled section within the condenser.
the leakape stopped. Vent lines and interconnecting wvapor-piping
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Fipgure 11-20.— Flow circuits of a vertical basket unit—condenser section,

connect components in which vacuum must
be maintained.
The air ejector removes the air and

other noncondensable wvapors from the dis-
tiller condenser by utilizing the energy in
gream at 150 psi. The gases entering the
suction of the ejector are entrained by the

steam jet from the nozzle and are carried
through the diffuser, where the pressurs
iz raised to that of the atmosphers, The
ejector discharges into a surface after-
condenser, where the steam is 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 operating troubles and maintenance
of vertical basket distilling plants, supplemenls
that ziven in the previous section, Additional
information can be obtained from the manufac-
turer’s technical manual for the specific unit,

Inability to Make Pure Water

There are a number of troubles which occur
and prevent a vertical basket distilling unit
from producing pure water, The causes and
recommended remedies for some of these
troubles are listed in table 11-1.

Low Water COutput

Troubles which may lead to low water out-
put in a vertical basket distilling umnit and the
cauges and remedies for these troubles are
listed in table 11-2.

Low Vacuum When Cold Shocking

It may not be possible to 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 Recduced Rates

When it becomes necessary to operate the
unit at lowered rates, the steam supply pres-
sure should be reduced by seiting the steam
reducing valve. It may be necessary te run
the first-effect steam chest under a vacuum,
Therefore, in order to keep the steam chest
properly wvented, it will be necessary to have
the wvent from the sleam chest continuously
opened to the shell of the first effect. At the
same time the atmospheric vent valve should
be closed.

Pump Failure

Should the sea water circulating pump fail,
the discharge from the fire pump, when ade-
quately reduced, can be used through the hose
connection provided in the piping.

Should the brine pump fail, remove the
orifice in the steam line, The unit can then
be run with a steam supply of 10 psig steam

to the first effect, with the vacuum equipment
gsecured. The eductor will discharge the brine
overboard. The ecapaecity under such condi-
tions will be about B000 zZpd.

Scale Remowval

Scale forms on the outside of the corruga-
tions of the wvertical basket-type evaporator.
The gcale can be rémoved by cold shoeldng.
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 briitle. The steam is turned
off and sea water admitted into the shell until
the basket ig covered by the sea water. Con-
densation of the sSteam in the basket creates
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 shellcan
be opened for removal of the scale particles.

The first effect, which has the most scale
formation, is usually cold shocked about every
75 hours. Subsequent effects should be cold
shocked at double this interval or more. Ina
quadruple-effect unit, the fourth effect will
praobably require cold shocking only once or twice
a year,

VAPOR COMPRESSION DISTILLING
PLANTS

Thig section covers the types of wvapor
compression plants, operation, and important
maintenance factors. Additional information
can be obtained from the manufacturer’s tech-
nical manual for the specific plant,

The most common vapor compression unit
in use is the Model ¥, This model is built in
two sizes, 1,000 gpd (Model X-1) and 2,000
gpd [ Model X-2).

In the Model X, the vaporizing and con-
densing of the feed is accomplished in the
evaporator; the warming of the feed and the
cooling of the condensate, however, are ac-
complishied in an external heat exchanger of
the double-tube type (tube within a lube), Cut-
away and schematic views of the Model X-1
distilling unit are shown in figures 11-21 and
11-22, respectively,

Recent developments in wapor compression
units include Models V-1 and the ¥-1, each of
which has the same rated capacity as the Model
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Table 11-1.—=Impure Water 2W=-=112D.

Trouble Cause Remedy
Priming High water in separator

Vacuum too high.

Excossive feed rates

Sudden changes of vacuum
Drifting oxhaust line pressures.

Irrepular steam supply to gjector,
Wet steam supply to ejector.

Dirt in ejector strainer or nozzle,

Adjust feed rates

Clogged equalizers or spillover | Clean. (Especially base of loop
{piping). seal.)
Maloperating brine pomp. Service brine pump.

Decrease vacuum by opening by-
pass valve at condenser or throt-

tling valve at sea waler pump or
bleed air into the ejector suction,

Correct fluctuations of exhaust
steam system,

Correct fluctuations of supply
pressure to alr ejector.

Drain condensate from steam sup-
ply line and check system.

Clean air ejector strainer and
nozzle.

Brine density too high

Low feed rates.
Fouled brine lines.

Insufficient overboard discharge.

Increase rate of brine overboard
to aitain a density of 1,5 thirty-
seconds,

Increase feed rates.

Clean brine line.

Leak in heat exchangers.
{(Unit leaking will be
isolated by cell indi-
cating high reading on
salinity indicator.)

Defective lube or joint.

Test hydrostatically and reroll or
replace defective tube,

X-1 unit, Twosmaller models (300 gpd capacity)
are also inuse., These smaller units are sim-
ilar to the Model X-1, but are far more com-
pact. All of these vapor compressionunits have
oxternal heat exchangers,

OPERATION OF THE MODEL X-1 UNIT

It is beyond the scope of this chapter to
describe all of the various vapor compression
distilling units in detall, Since all these
units operate on the same basie principles,
however, the Model X-1 is deseribed here as
an example of vapor compression units. Refer
frequently to figure 11-21 and 11-22 as you
study the following information dealing with the

operation of the Model X-1 unit. Information
concerning the construction of the Model X-1
unit ean be obtained from the manufacturer’s
technical manual,

Consider briefly what happens (o the sea
water which enlers a Model Y-1 unit., Pure
water is distilled from sea water, when the unit
is in operation, as described in the following
paragraphs.

Cold sea water feed enters the heat ex-
changer; It Is there heated to about 190° or
200°F. From the heat exchanger, the feed
goes into the evaporator. Here it passesthrough
the downtake: into the bottom of the evaporator
shell; and up through the tubes, where bolling
and evaporation lake place at atmospheric
pressure, Of the incoming feed, from 1/2
to 2/3 evaporates; the rest flows out through
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Table 11-2,—Low Water Outpat (2W-112D).

Trouble

Cause

Remedy

Flooded chests.

Insufficient vacuum.

Insufficient steam pres-
sure in  first-effect
chest.

Alr binding.,

Salt-water feedtemper-
atures too low.

sealing, heating section
(hasket).

Closed or throttled valves in dis-
charge lines of first-effoct con-
densate drain or second-effect
loop seal drain.

Maloperating first-effect
pamp.

drain |

Steam supply pressure to ejectors
too low.
Wet steam supply to ejectors.

High water temperature at distil-
ling condenser.

Open applicable valves.

Service first-effect drain pump.

Increase steam supply pressure to
air ejector.

Drain condensate from line; check
gysten.

Reduce air offtake temperature
by increasing cireulating water
throuph econdenser (throttle by-
pass valve at condenser).

Increase supply pressure to 5 psig
steam abowve orifice.

Vent air from steam chests.

Increase by opening bypass valve
at condenser. It may be neces-
sary to supplement this by throt-
tling the discharge valve of the
Sea  water circulating pump.
{Check feed rates.)

Cold shock and remove all loose
scale through provided door or
handholes. (Acid eleaning, if re-
quired, must be done in accord-
anee with instructions issued by
the Naval Ship Systems Com-
mand,

the brine overflow thus maintaining a constant
water level within the evaporator.

The steam rises and enters the vapor sepa-
rator, where any particles of moisture present
are separated from the vapor. The moisture
is drained from the bottom of the separator and
out of the evaporator through the vapor separator

drain. (In pnits which arc eouipned o vitha some.,

desuperheat the steam as it is compressed.

The steam is compressed until a pres-
sure of 3 to 5 pounds above atmospheric
pressure is attained. The compressed, sat-

urated steam is discharged to the steam
chest (into the space surrounding the tubes).
Ags the saturated steam condenses on the

il Itﬂjdﬂ“u af \_"_! h ﬁl‘uuﬂ .-"'4_7 'i_'|_'| f"l_g”_“h 1}1!_-_'-.1‘_ __,Jr ]‘l;—'-\_“ i @u-"_f‘..::
the

pound gage and a pressure-control switeh instead
of a manometer, the moisture separated from
the vapor overf{lows with the brine.)

From the vapor chamber, the steam poes into
the suction of the compressor; here distilled
water iz dropped onto the rotating impellers to

densate drops down and collests on
bottom  tube-plate. Every time a pound of
compressed steam condenses, approximately
a pound of steam is formed in the evaporator
section; the compressor suction is thus kept
supplied with the correect amount of steam.
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Figure 11-21,—Model X-1 vapor compression distilling unit,

The condensate is drawn off through a
steam trap; it flows inlo the heat exchanger
at a temperature of about 220°F, As it flows
through the heat exchanger, the condensate
pives up itg heat to the incoming feed and is
cooled to within about 18°F of the cold feed
water temperature. Noncondensable gases are
vented from the steam chest, through a small

orifice. These 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,
flows continually into the funnel; out of the
evaporator; and into the heat exchanger, The
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Figure 11-22.—Model X-1 distilling unit with heat exchanger.

temperature of this brine which leaves the
evaporator, through the overflow pipe, and
then enters the external heat exchanger, is
about 214°F. In passing through the heat ex-
changer, the hol brine raises the temperature
of the gea water [eed.

Factors Related to Distillation by
Vapor Compression

There are a number of factors related to
the efficient operation of a vapor compression
unit. Many questions may come to mind:
Why does the vapor have to be compressed?
What starts the heat cyele? To what extent are
heaters used in maintaining the heat cycle?

What about the loss of heat? How is heat balance
maintained? These and other factors related to
the operation of a vapor compression unit are
considered briefly in the following paragraphs,

VAPOR COMPRESSION.— The need for com-
pressing the vapor in a distilling unit involves
several factors. The tubes of the steam chest
serve iwo purposes: (1) to vaporize the feed
and (2) to condense this vapor. The feed enters
the heat exchanger at the temperature of sea
water, The lemperature of the feedisincreased
as the feed flows through the heat exchanger.
The feed is already near itsboiling temperature
at atmospheric pressure when it enters the
evaporator. AS the feed passes through the
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downtake, sufficient heat is absorbed from the
compressed steam on the condenser side of
the tubes to bring the temperature of the feed
up to the boiling point.

As the compressed vapor from the com-
pressor enters the steam chest, the vapor is
condensed. For any given pressure, the boiling
point of sea water is several degrees higher
than the boiling point of fresh water, Therefore,
the feed water passing up through the tubes of
the steam chest is actually above 212°F, The
vapor [rom this boiling feed does not have the
characteristics of sea water: it is fresh water
vapor, which, at atmospheric pressure, con-
denses at 212°F. When this vapor is compressed,
however, its condensation point is higher than
the temperature of the boiling feed water in the
tubes of the steam chest. When the compressed
vapor enters the steam chest, the vapor comes
in contact with external surfaces of the tubes.
The temperature of these tubes is lower than
the condensation point of the compressed vapor;
the vapor, therefore, condenses,

HEAT CYCLE.—The cyele is started up by
utilizing eleetrie heaters to bring the feed water
up to the boiling point, and to generate enough
steam for compressor operation. When the
compressor s adequately supplied with steam,
the normal distillation cycle will begin; from
this point, direct heat from the electric heaters
is required only to make up heat losses. In
operation, the heat input from the healers is
relatively small compared with the total heat
input.

HEAT SUPPLY.—Heat is supplied to the unit
in two ways: by means of the eleciric heaters;
and by the work done by the compressor, in
compressing the steam. The amount of heat
supplied by the heaters is proportional to the
number of heaters in operation; it canbe varied;
at will, by the operator. Theenergy supplied by
the compressor, however, cannot be variedby the
operator.

Heat transfer is affected by scale, If the
amount and location of the scale in the evapora-
tor tubes were to remain constant, the problem
would be simple. But, as scale accumulatesthe
rate of heat transfer through the tube walls
decreascs. When the lubes are comparatively
clean, an adequate amount of heat istransferred,
the vapor is condensed, and space for additional
vapor in the steam chest is made available at a
constant rate, When scale formation retards the

heat transfer, however, less condensation takes
place unless the steam from the compressor
has been compressed to a higher gage pressure.

FEED RATE.—The matter of feed rate in a
distilling unit i very important. The amount of
heat which the feed can pick up depends on the
rate at which the feed flows through the tubes of
the heat exchanger and through the steam chest of
the evaporator. If the feedrateislow, the water
picks up more heat during that passage because
it is in contact with the hot tubes for a longer
period of time, X 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 of 70 gphis
necessary if the rate of scale formation is to
be kept low, The unit is designed, therefore,
so that sufficient heat is supplied, when the
compressor speed is about 2,000 rpm, to main-
tain vaporization of the feed al a minimum
feed rate of 70 gph. I the total heat supply
decreases sufficiently to cause the feed to stop
boiling, it is possible to bring the temperature
back up to the boiling point by decreasing the
feed rate, This practice, however, causes a
material increase in the rate of scale formation;
and a high degree of salinity in the evaporator.
Lowering the feedrate below 70 gph 8, therefore,
not permissible, except perhaps in an emer-
gency, and then only for a short perlod. If the
heat input to the unit drops, the proper pro-
cedure is to inerease the heat supply by turning
on more eleetrie heaters.

HEAT LOSS.—Heat is lost from the unit
through the insulation, and in the hot-condensate
and brine-overflow streams. The condensateis
at aconstant temperature for any given discharge
pressureé. The rate of flow of the condensate
depends on the compressor specd; it 1s sub-
stantinlly constant at any given compressor
speed. Therefore, the rate of heat loss in the
condensate stream is substantially constant at
any given compressor speed. The brine overflow
is also at a constant temperature; ils rate of
flow depends, however, on the feed rate, The rate
of heat loss in the brine overflow slream varies
directly, then, with the feed rate,

HEAT BALANCE.—When more heat is sup-
plied tothe evaporator than is requiredto balance
the heat losses, more steam is generated than
the compressor can handle withoul change in
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speed, This will tend to build up a pressure
above the feed in the evaporator section. This
condition can be corrected by increasing the
feed rate; this will result in more brine over-
flow, which, inturn, willincrease the heat loss in
the brine overflow stream, nnd cause the pres-
sure within the evaporator to decrease, (Chanpes
of pressure within the evaporator are indicated
on the manometer.) Turning off some of the
electric heaters would produce the same effect;
this would reduce the heat supply, of course,
rather than increase the heat loss,

In this discussion, wherever reference is
made to manometer pressure, it is to be
remembered that some installations are fitted
with & compound gage instead of a manometer.
The pressure gage will register the same
changes in the vapor pressure as the manometer,

Should the heat losses be greater than the
heat supply, an Insufficient amount of
atmospheric-pressure steam will be generated.
When this condition exists, the pressure in the
evaporator above the boiling feed will decrease
slightly; a parlial vacuum will be produced in
the wapor separator; and the manometer will
fall. To correct this condition; reduce the feed
rate to decrease heat loss; or turn on more
electric heaters to increase heat input,

The Model X-1 unit s kept in balanced,
operating condition solely by adjusting the [eed
rale and by varying the number of electric
heaters in use, These adjustments are made
until a satisfactory feed rate is obtained and a
constan! pressure isindicated by the manometer.,
(A steady manometer indicates a steady pressure
in the evaporator.)

Operating Procedures

The following procedurcs apply to starting,
operating, and securing the Maodel X-1 unit,
With a few execeptions, which will be pointed
out, the routine is the same whether the Type
XB-1 compressor or the Model AAA-1 com-
pressor is used. Information on difficulties
related to starting and operating the unit is not
included with the following procedures; suchin-
formation is prowvided in the manufacturer’'s
teehnical manual and in Bureau of Ships Tech-
nical Manual, chapter 9580 (58),

STARTING ROUTINE.=When a Model X-1
distilling wunit is being placed in operation,
the starting procedure should be performed in

accordance with either the Naval Ship Systems
Command or manufacturer’s instructions.

OPERATING ROUTINE.— After the unit has
been started, adjustments will be required for
gome time, until the unit is balanesd and the
manometer i8 showing a constanl reading he-
tween +2 inches and -4 inches,

1. To balance the unit, first set the feed
rate at its minimum value. Then, cut out heaters
until the manometer startsto drop; this indicates
that the heat losses are exceeding the heat input,
Cut in one heater switeh; and gradually increase
the feed rate until the manometer remains
constant somewhere in the range between +2
inches and -4 inches. When a ship is in heavy
seas, or when the volitage to the heaters and
compressor molor is fluetuating, it isdesirable
to balance the unit at a somewhal higher pres-
sure; and to opérate with a manometer reading
between +2 Inches and +4 inches,

2. Adjust the desuperheater drip to give
a minimum compressor-discharge pressure,
Increasing the number of drops per minute
lowers the discharge pressure lo a certain
point; beyond this point, inereasing the desuper-
heater drip will raise the compressor-discharge
pressure. The desuperheater drip should be
kept adjusted to hold the low point of the
compressor-discharge pressure, As the evap-
orator scales up, more drip will be required,
a dirty unit, just before cleaning becomes
necessary, may require a small steady stream
through the sight glass.

3. Other operating adjustments:

a. To increase the brine overflow, in-
creage the feed.

b. To decrease the brine overflow, de-
crease the feed,

c. To make the manometer rise, either
turn on additional heaters or reduce
the feed rate,

d. To make the manometer fall, either
increase the feed rate or turn oif
electric heaters.

e, To increase the condensate rate, in-
crease the compressor speed.

1. To decrease the condensate rate, de-
crease the compressor speed,

SECURING ROUTINE.—The procedure for
securing the unit is as follows:
1. Fill the desuperheater tank.
2. Turn off the electric heaters,
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3. Open the bypass valve.

4. Btop the compressor motor.

5. Secure the condensate pump,

B. Secure the desuperheater drip.

7. Open the flow-control valve wide; con-
linue feeding for at least 15 minutes in order to
flugh the unit, An even longer flushing period is
desirable from the point of view of refarding
scale formation, (In submarine installations,
where longer flushing periods are required,
adjust the feed rate until it is the same as the
overflow rate.)

8. Secure the flow control valve and the
feed pump.

8. When the flow stopsinthe brine overflow
rotameter, secure the brine overflow rotameter
and the brine overflow pump. The unit must
always be left full of sea water between oper-
ating periods,

10, Becure sea chest valves,

11. Pull main electrical switch,

READINGS AND LOG ENTRIES.—It is im-
portant that an accurate, up-to-date log be
maintained on each distilling unit, The log
should contain a record of readings taken hourly
during the periocd of plant operation: and a
statement of maintenance work performed.

It is recommended that the hourly readings
include: time of reading; hours run since last
cleaning; compressor pressure; compressor
rpm; feed rate (gph); overflow rate (gph); zal-
lons of condensate distilled; feed pres=ure;
manometer reading; number of heaters in use;
volts; amperes; and condensate salinity.

The following notations should be made under
“remarks’’: time distillation started; time unit
secured; time desuperheater tank filled; date
evaporator cleaned; and date heat exchanger
cleanad,

CLEANING THE MODEL X-1 UNIT

During normal operation, scale deposits will
form on the distilling plant evaporator and heat
exchanger tubes. The rate of scale formation
depends upon the concentration of suspended
matter and carbonate salts present in the sea
water or fresh water used to feed the distilling
plant, E=xcessive scale on the evaporator and
heat exchanger tubes will reduce the capacity
of the distilling plant. Therefore, steps must

be taken to periodically clean the evaporator
and heat exchanger of the plant.

Cleaning the Ewvaporator

Under normal conditions, tubes must be
cleaned every 250 bours of operation by the
sodium acid-sulfate method or every 500 hours
by the mechanical method. (Operation in some
waters may require more frequent cleaning.)

When the evaporator is cleaned mechanically,
the overflow pipe, the rotameter, the manometer,
and the flow control valve should also be eleaned,
(It may be necessary to clean the measuring
devices more frequently in ovder to keep the
markings clear and distinct.} Consult the manu-
facturer’s technical manual and Bureau of Ships
Technical Manual for procedures to be followed
when cleaning the evaporator and related meas-
uring devices.

The sodium acid-sulfate method requires
minor piping changes and some additional equip=
ment which is not issued by the Naval Ship Sys-
tems Command. When this methodisused, it will
effectively remove scale fromall surfaces com-
ing in contaet with either the salt water feed, or
the brine overflow. These are the surfaces
likely to require cleaning.

Cleaning with sodivm acid-sulfate solutionis
simple and guick as compared with the mechan-
feal eleaning methods, and can be carried
out without dismantling the unit., Whenusing the
sulfate method, the unit must be in normal
operation, the only difference being that the
cleaning agent is used in place of the sea water
feed. (Hydrochloric acid cleaning of the Model
X-1 unit iz prohibited.)

When the evaporator is to be cleaned with
sodium acid- sulfate solution, it should be eleanesd
in accordance with recommendations from the
Nawval Ship Systems Command,

Cleaning the Heat Exchanger

The heat exchanger should be cleaned after
each 200 hours of operation, and MUST be
cleaned after each 250 hours. In cleaning heat
exchangers (AA or AAA types), refer tochapter
9580 (58] of the Bureau of Ships Technical
Manual for the correct procedure,
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CHAPTER 12

REFRIGERATION PLANTS

The purpose of refrigeration is to cool
gpaces or objects and to maintain them at tem-
peratures below the temperature of the sur-
rounding atmosphere, In order fo produce a
refrigeration effect, it is necessary to expose
the ohject to a colder object or environment
and allow heat to flow in its “natural” direction—
that is, from the warmer body to the colder
body, For example, a pan of hot water placed
on o cake of ice will be cooled by the [low of
heat from the hot water to the ice. This refrig-
eration effect can be maintained as long as the
ice lasts; but no matter how mueh ice is avail-
able, a refrigeration effect greater than the
cooling of the water of 32°F cannot be producad,
For example, water cannot be made to freeze
by thiz method, since freezing requires the re-
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 temperature) from
the water after it has cooled to 32°F; for this
process a temperature difference is required
which iz not available when both the water and
the ice are at 32°F. Therefore, when the pur-
pose of refrigeration is the production of ice
ar the maintenance of temperatures lower than
32°F, it iz obvious that ice is not a suitable
refricerant,

Ih order tounderstand the principles of re-
frigeration, it is essential to have a lmowledge
of the nature and effects of heat and the physical
conditions affecting the refrigerant. Additional
information concerning basic refrigeration prin-
ciples and definitions can be obtained from
chapter 0590{50) of the Bureau of Ships Tech-
nical Manual,

In accordance with the Nawval Ship Systems
Command policy, refrigerants used in the Navy
are no longer identified by trade names. In-
stead, they are identified by the letter “R" fol-
lowed by the appropriate number, or else they
are identified simply as “refricerants.” For
example, the refrigerant formerly known as
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“Freon 12" (CCLpFa) now i8 identified either as
“R-12", as "“refrigerant 127, or simply as are-
frigerant,

The refrigeration systems most commonly
used in the Navy, utilize B-12 as the refriger-
ant, The information given in this chapter is,
therefore, primarily concerned with B-12 sya-
tems. It should he noted that the cyele of op-
gration and the main components of R-12 sya-
tems are basically the same for refrigeration
and air conditioning plants

TYPES OF MECHANICAL REFRIGERATION

SYSTEMS

The two basic fypes of mechanical refrigera-
tion systems, where energy input is in the form
of mechanical energy or work, used by the Navy
are the steam-jet refrigeration system and the
vapor compressioncycle refrigeration system,
Bath types are used for naval shipboard refrig-
eration and air conditioning, The most penerally
employed type is the vapor compression cyele.
Vapor compression cycle refrigerating systems
with centrifugal compressors are often used-—
generally to cool a secondary refrigerant; for
cxample, hrine for cargorefrigeration and fresh
waler for air conditioning application,

STEAM-JET REFRIGERATION SYSTEM

The steam-jet refrigeration system is used
on some naval ships for air conditioning. As
shown infigure 12-1, the steam-jet plant conaists
of a flash tank, a booster ejector, a condenser,
air ejectors, andthe necessary pumps and piping,
The flash tank (sometimes called the evaporator)
is maintainedunder exceptionally high vacuum hy
a steam=-jet booster ejector. As water is sprayed
into the flash tank, part of each dropflashes into
vapor and thereby cools the unvaporized portion
of each drop to about 50°F or 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 then pumped
to the cooling coils, and returned to the flash
tank at a temperature of about 55°F,

VAPOR COMPRESSION CYCLE
REFRIGEEATION SYSTEM

Vapor compression cyele refrigeration sys-
tems may have either centrifugal compressors
or reciprocating compressors.

The vapor compression eyele—withrecipro-
cating compressor—using R-12 ig usedfor most
naval refrigeration plants. Figure 12-2 gives a
reneral idea of this type of refrigeration cyele,
On studying this system, try to understand what
happens f{o the refrigerant as it passes through
each part of the ¢yele, Itwillbe helpiul to trace
the refrigerant through its entire evele, begin-
ning with the thermostatic expansion valve.

Liguid refrigperant enters the expansion valve
from the high pressure side of the system and
passes through an orifice, which reduces the
pressure of the refriperant, Due to the reduc-
tion in pressure, the liguid refrigerant beging
to boil and to flash into vapor.

From the thermostatic expansion valve, the
refricerant passges into the cooling coil {(evap-
orator}). The boiling point of the refrigerant
under the lowpressure in the evaporator is lower
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than the temperature of the space in which the
cooling coil 18 installed. As the liguidboils and
vaporizes, it absorbs its latent heat of vaporiza-
tion from the surroundings, thereby cooling the
space. Therefrigerant continuestoabsorb latent
heat of vaporization until all the liguid has been
vaporized. By the time the refrigerant isready
to leave the cooling coil, ithasnot only absorbed
thiz latent heat of vaporization, but has also
absorbed some additional heat—thatis, the vapor
has become superheated. As a rule, the amount
of superheat is 10°F,

The refrigerant leaves the evaporalor asa
low pressure superheated wvapor, having ab-
sorbed heat and thus cooled the space to the
desired temperature, The remainder of Lhe
evele is eoncerned with disposing of thisheat and
getting the refrigerant back into a liquid state so
that it can again vaporize in the evaporator and
thus apain ahsorb heat,

The low pressure superheated vapor isdrawn
out of the evaporator by the compressor, which
also keeps the refrigerant circulating throuzh
the system. I the compressor cylinders, the
refrigerant is compressed from a low pressure,
low temperature vapor to ahich pressure vapor,
and its temperature rises accordingly.

The high pressure R-12 vapor is discharged
from the compressor 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 air in an air-cooled con-
denser or the coollng waler in a water-cooled
condenser. The refrigerant, still at high pres-
sure, is now a liquid again,

From the gondender, the refriperant flows
into a recelver, which serves as a storage tank
for the liquid refrigerant in the system. From
the receiver, the refrigerant goestothe thermo-
static expansion wvalve, and the cyecle begins
agam.

As it can be observed from the deseription of
the compression cyele, thistype of refrigeration
system has two pressure sides. The LOW PRES-
SURE SIDE extends {rom the orifice of the ther-
mostatic expansion valve up to and including the
intake side of the compressor cylinders. The
HIGH PRESSURE SIDE extends from the dis-
charge valve of the compressor to the thermo-
static expansion valve.

OPERATING PROCEDURES FOR
AN R-12 SYSTEM

Proper operation of any unit of machinery
is an important part ol maintaining it, To en-
sure proper operation of the refrigeration plant,
it is necessary to make periodic inspeclions and
tests,

The intervals of the time between plant
inspections will vary depending upon the purpose
for which the plant is used. The temperatures
and pressures throughout the system and the oil
level in the compressor crankease are checked
and the results recorded every twohoursunless
watehstanding instruetions apecify otherwise.
The resuits of these checks can be used to
determing whether or nol the plant is operating
properly, One of the best methods of checking
plant operation is to compare the existing
temperatures and pressures with those recorded
during a period when the plant was known to be
aperating properly, under conditions similar to
the present conditions.

The following information on prestarting
procedures applies to refrigeration systems
in general.

1. Open all refrigerant line valves except
those which would release refrigerant to the
atmosphere or those which are for bypassing
components such as the dehvdrator, (he liguid
control manifold or the liquid control piping
assombly, and the evaporator pressure regula-
ting wvalve. 8Shut off valves, which are in the
interconnecting piping between the condensing
units and the condenser cross-connecting piping
(if 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 receiver
should remain c¢losed until they are tobe opened
in their proper sequence in the starting pro-
cedure,

2, Start the fan motors on all forced air
coolers; see that an adequate amount of air is
being deliverad,

3. On water cooling applications (soda foun-
tains, drinking water coolers, process water
coolers, and air conditioning water chillers),
admit the water to be cooledandpurge the water
circuit of air.

4, See that all stop valves in the circulating
water supply and in the discharge lines for the
condenser are open.

5. If water is taken from the firemain, make
certain thal the pressure-reducing valve ahead
of the water regulating valve is adjusted topro-
vide a water pressure of 30 psi or less ahead
of the water regulating valve,

6. When no pressure-reducing wvalve is in-
stalled, regulate the firemain connection stop
valve manually so that the required water pres-
sure ahead of the waler repgulating valve is
maintained.

T. When an individual circulating pump is
uged to supply condenser ecirculating-water,
be sure that any valves which permit transmis-
sion of pump discharge pressure to the water-
failure swilch are open.

8, If the compressor unit is equipped with
an air-cooled condenser, make certain that the
air flow passages to the condenser are un-
obstructed, and that the air circulating fans
are clear.

9, Open the compressor discharge-line
valve, the stop valve in the lihe connecting the
condenser and the liguid receiver, and the main
liguid-line valve.

STARTING THE COMPRESSOR

Too much emphasis cannot be placed on the
need for thoroughness and care at the time the
compressor 18 started. Bent crankshafts, dis-
torted valves, and blown gaskets are afew of the
casualties which may occur if proper procedures
and applicable precautions are not followed.
After accomplishing or checking the items listed
under the posted prestarting instructions, the
following procedure should be uged:

1. Set the AUTOMATIC-MANUAL seclector
gwitch on the compressor motor controller in
the MANUAL position.
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2. Close the momentary-contact START but-
ton in the pump control circuit to prepare the
pump motor for starting.

3. Close the momentary-contact START
switch in the compressor controlcircuit to start
the pump motor which also energizes the king
solenoid valve cireuif.

As the pump ecireulates the water, the water-
failure switch closes automatically and com-
pletes the circuit to the compressor-motor con-
tactor coll. When this circuit is closed, the
compressor motor starts. In installations where
a pump motor and a pump control clreult are not
ingtalled, closing the momentary-contact START
gwiteh energizes the compressor control cireuit
and starts the compressor motor,

4, Turn the compressor over by hand or start
and quickly stop the compressor (o delermine
that it will rotate freely,

5. After it has been determined that the
motor and the compressor are inoperating con-
dition, erack the suction stop valve and set the
controls on AUTOMATIC. This arrangement
will eliminate the possibility of the pressure
in the system decreasing below that of the at-
mosphere and drawing air into the compressor,

Open the compressor suction valve slowly,
with the compressor running, so as to limit the
guantity of suction gas handled by the compres-
gor, The suction gage should be watched as the
compressor suction valve is opened, The valve
ghould be opened, gradually, at a rate such that
there will be neither a rapid fluctuation in suc-
tion pressure nor a rapid drop of pressure in
the compressor crankcase.

6. I lubrication of the compressor is by
forced feed, check the pressure on the oil pres-
sure gage.

Unless specific instructions indicate other-
wise, the oil pressure 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 for
automatic capacity control, oil pressure of 50
to 60 psi above suction pressure is required,

7. Make certain that the proper quantity of
cireulating water is flowing through the con-
denser before the compressor discharge pres-
sure reaches 125 psi.

In systems not equipped with water regulat-
ing valves, normal operating conditions gener-
ally produce condensing pressures of less than
125 psi, since the condensing water temperature
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, the
quantity of cooling water required decreases
rapidly with decreasing circulating waler temp-
eratures. In systems equipped with air-cooled
condensers, condensing pressures may exceed
125 psi when the temperature of the surrounding
air is higher than normal,

COPERATING AN R-12 PLANT
IN AUTOMATIC

After the prescribed operating pressures and
temperatures have been established and the
switch set in the AUTOMATIC position, the suc-
tion-pressure is so connected, by electrical
means, that it starts and stops the compres-
sor automatically, on the basis of load con-
ditions, If the automatic control valves and
switches are in proper adjustment, the opera-
tion of the plant, after proper starting, will 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 switchthrough automatic operation will
energize their respective circuits, Other control
devices require the intervention of an operator
before the compressor can be restarted. Some
high pressure switches are provided with manual
reset devices which must be reset by the op-
erator after the switches have been opened by
excessive pressure.

Some installations are designed so that the
supply of condenser cooling water is available
either from a centrifugal pump or from the fire
and flushing main directly. I cooling water is
obtained from the fire and flushing main instead
of from the pump, the pump controller switch is
opened manually. The water-failure switch re-
mains closed regardless of the source of con-
denser cooling water.

SECURING THE COMPRESSCR

If a compressor is to be secured for only
a short period, it is nol necessary to pump
down the syslem, The compressor, however,
must be pumped down. To do this, first close
the compressor suction valve slowly, to pre-
vent too rapld a reduction in erankcase pres-
sureé. Then allow the compressor to run until
it is stopped by the low pressure control switeh;
push the STOP button on the motor-control
panel, Next, close the compressor discharge
shutoff valve; shut off the water supplytothe con-
densers, Finally, close the main liquid valve
after the receiver.

If 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 of the coils of the evapora-
tor, and storing the refrigerant in the receiver,
H the quantity of liquid refrigerant contained
in the system is in excess of the capacity of
the recelver, the surplus liquid must be drawn
off into refrigerant drums.

NOTES ON COMPRESSOR OPERATION

An R-=12 compressor should not remain idle
for an extended period of time, When two or
more compressors are installed for a particular
plant, the compressors shouldbe operatedalter-
nately so that the total operating time oneach of
the compressors is approximately the same,
An idle compressor should be operated at least
once n week,

In some cases it may be necessary to use
two compressors such as for extensive stores
brought aboard ship, the transferring of stores
at sea, or anv situation where the temperatures
are excessively high and must be returned
guickly to normal, However, one compressor
should normally serve a refrigerant circuit.
When compressors are operated in parallel on
a common refrigerant circuit, lubricating oil
may beé Itransferred from one compressor to
another. Such transfer of oil may result in
serious damage to all compressors on the
circuit,

If an emergency requires that two compres-
sors be operated on a common refrigerating
load, the amount of lubricating oil returned
to each compressor must be determined by
careful observation of the oil level in each
crankcase, The proper oil level must be main-
tained in the crankcase of each compressor
under all operating conditions.

A sight-glass is provided in the side of the
compreggor crankecase for checking the level
of the lubricating oil. To check the oil level
while the plant is in operation, wait until the
compressor shuts down. It is not possible to
check the oll lewel while the compressor is
running, since the motion of the parts within the
crankcase churns the oil and causes foam,

As soon as the compressor stops, push the
STOP button on the control panel, so that the
compressor will not start while yvou are check-
ing the oil level, Turn the flywheel of the com-
pressor through one revolution and observe
the rise and fall of the oil in the sight-glass.
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Record the AVERAGE oil level—that is, the
midpoint between the hirghest and the lowest
levels—as the observed oil level. Unless other-
wise specified, an oil level covering between
1/4 and 3/4 of the area on the sight-glass is
satisfactory., If the pil level is not within the
specified range, oil will have to be added or
removed., Do not attempt to do this unless you
are gualified in the procedurcs to be followed
and are thoroughly familiar with the applicable
safety precautions,

MAINTENANCE OF R-12 SYSTEMS

Refrigeration plants are equipped with auto-
matic controls and once the plant is in normal
operation, wvery little attention is required.
Howaver, these plants are, like all units of
machinery, liable to casualties, so periodic
checks must be made to ensure thal the plant
is operating normally, The main purpose
of the daily operating log for refrigeration
equipment is to ensure that abnormal operat-
ing conditions do not zo undetectled,

Usually the personnel assigned to operate
and maintain refriceration plants are graduates
of an air conditioning and refrigeration school.
However, on small ships, the men assigned to
make the periodic checks on the refrigeration
plants may or may not have attended this
school, These men must be properly indoc-
trinated as to how to take and record the
temperatures and pressures in a refrigeration
plant and also as to why these readings are
important for the operation of the plant,

Some of the refrigeration maintenance pro-
cedures that you should be familiar with are:
defrosting the cooling coils, pumping down a
system and checking for air andnoncondensable
gases, purging a system of noncondenzable
rases, using a halide torch (discussed later in
this chapter) to test for refrigerant leaks,
charging the system, checking compressor oil,
proper care of V-belts, and repairing crank-
ghaft seals.

DEFROSTING OF COOLING COILS

The cooling coils should be defrosted as often
as necessary to maintain the effectiveness of the
cooling surface. Excessive accumulations of
frost on the coils will result in such troubles as
reduced cooling capacity, low compressor-sue-
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tion pressure, andatendency for the compressor
to short-cyele. The maximum permissible time
interval between defrosting operations depends
on many factors, such asrefrigerant evaporating
temperature, free-moisture content of supplies
placed in the refrigerated space, temperature
of refrigerated spaces, frequency of opening of
cold-storage compartment doors, and atmos-
pheric humidity, In the average cold-storage
refrigeration installation it is good practice
to defrost cooling coils before the average frost
thickness reaches 3/16 inch., This is nota hard
and fast rule; sometimes the [rost layer may
become appreciably thicker without seriously
interfering with plant operation: at other times
it may be necessary to defrost more often to
maintain satisfactory operation of the plant and
proper compartment temperature,

The most COMMONMETHOD OF DEFROST-
ING a cooling coil in the average refrigeration
installatiom is (1) to shut off the supply of 1-12
to the coil to be defrosted, by closing the lquid-
line siop valve ahead of the expansion valve;
and {2) to permit the temperature 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 are made of tinned copper or gal-
vanized steel tubing, care should be taken not
to damage the evaporator coil if a scraper
is usod to remove frost.

Most ingtallations now in use are provided
with HOT-GAS DEFROSTING LINEStofacilitate
defrosting where compartment temperatures are
maintained at 32°F or less. The principal
advantage of hot-gas defrosting is that this
process permits defrosting of the reeze room
coils while the rest of the plant operates
normally, (In the [ollowing paragraphs, defrost-
ing procedures will refer only lo freeze room
eoils.)

A hot-gas defrosting line leads from the
compressor, discharge piping to the suction
end of the freeze room cooling eoil, The hot-
gas line jolns the suction line, between the freeze
room and the suction walve; therefore, hot gas
admitted to the freeze room cooling coil flows
“backwards" through the coil—that is, the hot
gas [lows in a direction opposite Lo the flow of
refrigerant under normal operating conditions.
In addition to the hot-gas line, the system is
provided with a line which conneects the inlet
end of the freeze room cooling eoil (just be-
yond the expansion valve) to the liquid supply
line,



Chapter 122—REFRIGERATION PLANTS

When it is desired to defrost the coils of the
freeze room, the normal refrigerant-liguid
supply and suction return-line wvalves of the
freeze room cooling coil are closed, The valve
in the hot-gas supply line is then opened;
compressed refricerant-gas ig admitted to the
coil, As the frost melts on the exterior coil
surfaces, the gas is condensed in the coils
and becomes a liguid, The liquid is led, from
the inlet end of the freeze room cooling coil,
to the liquid supply line and may be utilized
normally in the other compartments,

Upon completion of the defrosting process,
the system is returned to its normal operating
condition by closing the defrosting valves and
opening the wvalves in the refrigerant-liquid
supply ling to the freeze room coil and the suc-
tion return wvalve from the freeze room coil.
Care must be taken that all liquid refrigerant
has been digcharged from the freeze room coil
before the suction line valve from the compart-
ment is opened. If all the liquid has not been
discharged, liquid slugs may be returned to the
compressor,

PUMPING DOWN A REFRIGERANT
SYSTEM

The pumping-down procedure to be followed
will depend on the maintenance to be done.
In some cases, the necessary maintenance
ean be performed on the eharged system after
a part to be repaired or replaced has been
isolated. Generally, it is possible to pump down
any part of a charged system except the con-
denser, the liquid receiver, and the compressor
discharge line, 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 repairsareto be
made to the receiver, or receiver shutoff valves,
the entire system must be drained into spare
refrigerant drums. It may also be necessary to
drain the system to make repalrs to the com-
pressor discharge line or the 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 has been pumped down
to the receiver) tothe atmosphere, repairstothe
compressor discharge line and condenser may be
made with this section isolated.

Whenever it is necessary to open a charged
gystem In order to make repairs or replace-
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ments or to clean strainers, the refrigerant
pressure within the part of the system to be
opened should be pumped down to a pressure
slightly above atmospheric (1/2 to 2 psig) before
any comnections are broken. Rt is generally
possible to pump down any part of the system
{except the condenser, the liquid receiver, and
the compressor discharge line) by proper manip-
ulation of ecutout valves, Asapartof the system
which contains liguid R-12 is pumped down,
its temperature will decrease as a result of the
evaporation of the liquid refrigerant. When the
temperature of such a part of the system begins
to rise to normal again, while the low pressure
in the part is maintained, it is reasonably cer-
tain that all R-12 liguid within the part has
been evaporated.

I, in the final evacuation of a part of the sys-
tem, a pressure of less than 0 psig is reached,
sufficient refrigerant should be immediately
bled into the ewvacuated part of the gystem lo
raise the pressure to between 1/2 and 2 psig.
Connections may then be opened; and repairs,
replacements of parts, or other necessary serv-
ice operations may be accomplished,

When a refrirerant system is opened, the
free ends of the refrigerant lines should be
temporarily plugged in order to prevent the
entrance of air and dirt, When the connections
are remade, one connection is made tight while
the other connection is left loose, temporarily,
g0 that the air or other foreign gases in the
section of the system which is serviced can
be swept out through the free end as this
section of the system is slowly 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 they are connected to the system. Where
connecting lines which have been removed are
to be used again, the ends of the lines should
be capped to protect the connecting fitting and
to ensure that the tube will be clean and dry
when it is used again.

When MAJOR REPAIRS are to made to
a major portion of the system or when the
system is to be secured for an extended period,
the refrigerant sysiem must be pumped down
to return all refrigerant to the receiver. Suf-
ficient refrigerant-gas should be retained within
the system to create a positive pressure of ap-
proximately 2 psig throughout the cireuil, 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
the svsatem, close the main liquid-line shutoff
valve and the dehydrator-bypass wvalve, 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 psig, then stop the compressor. Re-
peat the operation until the liguid refrigerant
in the ecireuit has evaporated and the suction
regsure remains relatively constant at 172 to
2 psig. During the pump-down period, the evap-
oration of liguid refrigerant can he traced on
the liguid line back fto the main liguid-line
shutoff valve by the formation of frost and its
subsequent melting as the liguid refrigerant
ig evaporated and superheated. Open  the
power-supply switeh to the compressor; close
the compressor suction and compressor dis-
charge shutoff valves. Shut off the water supply
to the condenser and drain the condenser water,
Where the amount of liguid refrigerant contained
in the system is in excess of the capacity of the
receiver, the surplus liquid refrigerant must be
drawn off into separate refrigerant drums.

To drain the refrigerant charge from the
system when it is necessa&-y to make repairs
to the condenser, the liguid receiver, or the
compressor discharge line, or for any other
reason, the following procedure should be used:

1. Start the compressor and pump down the
cooling eoil and suction-line with the liguid-line
valve at the receiver outlet closed, to the point
at which the low pressure control switeh (the
control unit that causes the compressor to goon
or off, as required for normal operation of the
plant) stops the unit.

2. When the compressor is stopped by the
low pressure cutout switeh, restart the unit
manually and continue the pumping-down until the
suction pressure reaches approximately 1/2to 2
psig and stop the compressoer. Repeat the opera-
tion in periodic cyeles until the ligquid refrigerant
in the circuit has evaporated and the suection
pressure remains relatively constant between
1/2 and 5 psig.

3. Close the compressor discharge line
valve: close all ligquid valves atthe cooling eoils.

4, Comnect an empiy R-12 service drum to
the refrigerant drain valve, (Before connecting
the drum to the R=12 system, cool the drum
thoroughly to permit rapid draining of the re-
frigerant into the drum). Alwavs use a clean
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R-12 service drum containing no air or water so
that thedrained =12 may be kept in suitable con-
dition for future use.

5. Purge the air out of the line connecting the
drain valve and the drum by leaving the connec-
tion at the drum valve open as vou slowly flush
refrigerant through the line and out at the con-
nection; then close the connection. The R-12
may now be drained intothe cooled drum by open-
ing the drain valve and the service drum wvalve,

6. When the service drum is full, close the
drain valve and permit the R-12 liguid in the
drain line to evaporate; then close the service
drum wvalve and disconnect the drum from the
system.

7. Weigh the drum to be certain that it has
not been overcharged., The net and gross weights
are stamped onthe drum. (These weights include
that of the castiron protector cap which fits over
the cylinder valve.)

CAUTION: Never fill a service drum beyond its
rated capacity; drum rupture may result from
hydraulic pressure upon rise in temperature.

8. Discharge the B-12 vapor, which remains
in the condenser and receiver tothe atmosphere
throurh the purge valve.

TESTING FOR REFRIGERANT LEAEKS

Refrigerant leaks mean the lossof refrigera-
ting effect and loss of refrigerant. Varioustests
are used to determine the existence of leaks in
refriperant systems. Pressure tests are used
after the installation of a system and after
extensive repairs or replacement of parts have
been made, Pressure tesis are made before the
system is charged with refrigerant. Charged
svstems are tested for leakape elther with a
halide leak detector or with soapsuds; which of
the two methods is tobeusedwill depend largely
upon the size of the lealk, and upon the type of
space in which the test is to be performed.

In addition to those tests for leaks whichare
made at periodic intervals, tests should be made
before the compressors are started and at any
other time that a shortage of refrigerant in the
system is suspected., Unusual operaling con-
ditions which indicate a shortare of refrigerant
in the system are;

1. High suction-line temperatures,
2. Relatively hizh crankcase and cylinder
temperatures..
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3d. Excessively highrefrigerant temperature
in the liquid line.

4, Bubbles in the refrigerant sight-flow in-
dicator.

5. Liquid refrigerant is carried partially
through the ecoil, with considerable superheat
at the thermal element.

6. Compressor running continuously.

7. Excessive oil. seepage at shaft seal con-
nection.

8. 0il seepage at refrigerant-system piping
and compressor connections.

A shortage of refrigerant in the system nearly
always indicates the presence of leaks. When a
shortage of refrigerant is found, the entire
system should be tested for leaks by one of the
following methods.

The use of a HALIDE LEAK DETECTOR 1is
the most positive method of detecting leaks in
a refrigerant system. Such a detector consists
essentially of a torch burner, a copper reactor
plate, and an exploring hose. (See fig, 12-3.)

Most detectors use either acetylene gas
or alcohol as a fuel. Pressure for detectors
which use aleohol is supplied by a pump., Ha
pump-pressure type of alcohol-burning detector
is used, be sure that the air pumped into the fuel
tank is pure,

Atmosphere suspected of containing R-12
vapor is drawn, by injector action, through
the exploring hose into the torch burner of the
detector. Here the air passes over the copper
reactor plate, which is heated to incandescence,
If there is a minute trace of R-12 present, the
color of the flame will change from a blue
{neutral) to green as the R-12 comes in contact
with the reactor plate. The shade of green will
depend upon the relative amount of R-12 present;
a pale green indicates small concentrations and
a darker green shows heavier concentrations,
Excessive quantities of R-12 will cause the [lame
to burn with a vivid purple color, Extréme con-
contrations of =12 may extinguish the flame by
growding out the oxygen available from the air.

When a halide leak detector is used, best
results are obtained if the following precautions
are observed:

1. Be sure that the reactor plate is properly
in place.

2. Adjust the flame so that it does not
extend bevond the end of the burner, (A small
flame 18 much more sensitive than- a large
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Figure 12-3.—Halide leak detector.
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flame. If difficulty is experienced in lighting
the torech when it is adjusted to produce the
necessary small flame, block the end of the ex-
ploring hose until the fuel ignites; thengradually
open the hose.)

3. Clean out the exploring tube if the flame
continues to have a white or yellow color. (A
white or vyellow flame indicates that the ex-
ploring tube is partially blocked with dirt.)

4. Check to see that air is being drawm
into the exploring tube; this check can be made,
from time to time, by holding the end of the tube
close to your ear,

5. Hold the end of the exploring tube close
to the joint being tested; this prevents dilution
of the sample by stray air currents.

f. Move the end of the exploring hose tube
slowly and completely around each joint heing
tested. (Leak testing cannot be safely hurried.
There is a definile time lag between the moment
when air enters the exploring tube and the
moment it reaches the reactor plate; permit
sufficient time for the sample to reach the
reactor plate.)

7. If a greenish flame is noted at any
time, repeat the test in the same vicinity
until the source of the refrvigerant is de-
termined,
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A halide leak detector is so sSensitive that
it ig useless if the compartment is contaminated
by excesgsive leakage of R-12. This is most
likely to happen in a small or poorly venlilated
compartment, If the compartment is contami-
nated by R-12 and cannot be wventilated, the
SOAPSUDS TEST must be usged,

Prepare the soap-and-water solution so
that it has the consistency of liguid hand
goap, and will work up a lather on a brush,
{The lather will remain wet for a longer period
il a [ew drops of glycerin are added to the
salution.)

Apply the Iather all the way around the joint;
then look ecarefully for bubbles, If a joint is so
located that a part of it is not visible, use a
small mirror when inspecting it, Remember
that it sometimes takes a minute or more for
bubbles to appear, if the leak iz small. Doubt-
ful spots should be lathered and examined a
second tima,

Always follow a definite procedure intesting
for refrigerant leaks, so that no joints will be
missed. Even the smallest leak is not fo be
considered neglivible, However insipnificant
the leak may seem, it eventually empties the
system of its charge to the point of faulty
plant operation. Because R-12 is practically
odorless, the first indication that leakage exists
is the loss of refrigerating effect. The extra time
spent in testing all joints willbe justified. A re-
frigerant system shouldnever be rechargeduntil
all leaks are discovered and definitely repaired,

MWever uge oil to test for R=12 leaks, (il is
not reliable because of the capacity of the opil
for absorbing R-12, If a small leak should
exist where oil has been applied, the H-12
will ke absorbed by the oil and will show no indi-
cation {bubbles) of the leak until the oil is
saturated with BE-12. Furthermore, if a halide
leak detector is used to test a joint that has
been tested previously with oil, the flame will
give a false indication because of the B-12 re-
leased from the oil.

TESTING FORE AIR AND
NONCONDENSABLE GASES

It is essential that every reasonable pre-
caution be taken fo keep air and noncondensable
gases out of a refrigerant system. When air
enters the syvstem the condenser must be
purged, with a resultant
Atmospheric air always contains some maoisture,
which will enter the system when air does.
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logs of refrigerant.

A refrizerant svstem must be kept as moisture-
free as possible to eliminate such troubles
as the freering of water at the expansion
valves, infernal oxidation or corrosion of parts,
and emulsification or sludging of lubricating
oils.

Afr andnoncondensgable pasesinarefrigerant
gystem are pumped through the system and are
digcharged by the compressor into the con-
denser, These gases are trapped in the con-
denser by the liquid seal maintained over the
receiver outlet, These gases are, in general,
lighter than the relatively dense R-12 wvapor,
they tend to collect, therefore, in the upper part
af the condenser when the compressor is stopped,
The purge valve for discharging these gases
to the atmosphere is located either in the upper
part of the condenser shell or inthe compressor
discharge line above the condenser. While the
compressor is in operation, anynoncondensable
gages inthe gystem are thoroughly mixedwith the
R-12 vapor., This mixing iscausedby the turbu-
lence produced by the rapidly pulsating discharge
of refrigerant into the condenser., Therefore,
it is not advizable to attempt to purge non-
condensable gases from the system while the
compressor is in operation. Noncondensable
gases in acondenser cause excessive condensing
pressures  with a  regultant Ioss in plant
efficiency.

The hest time to check an B-12 system for
noncondensable gases iz immediately before
the compressor is started after a shutdown
period. When a condenser is to be checked for
noncondensable mases, it is essential that the
gages and thermometers used be accurate and
that the system have sufficient refriperant
charge so that the liguid refrigerant present
in the receiver will seal the liguid-line
connection.

The following procedure should be followed
when checking a refrigerant system for non-
condensable gases:

1. Close the main liquid line shut off valve,

2. Becure the compressor so that it will
not start during this check out operation.

3. If a discharge pressure gage is not
permanently installed in the system, a service
or testgage shouldbe installed in the compressor
discharge. Also, if a refrigerant liquid line
thermometer is not installed, a thermometer
should be fastened to the refrigerant liquid line
adjacent to the receiver outlet, If a thermometer
is not installed in a system having an air-cooled
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eondenser, one should be placed near the con-
denser to indicate the ambient temperature
at that location.

4. When fthe discharge pressure gage is
steady and no noticeable decrease incondensing
pressure is noted, the liguid refrigerant temp-
erature shown on the liguid line thermometer
should be recorded. Thisisthe refrigerant con-
densing temperature.

5, From the corresponding refrigerant tem-
perature scale on the discharge pressure gace,
or from a refriserant pressure-temperature
conversion chard, read and record the condens-
ing temperature corresponding to the condenging
pressure indicated by the discharge pressure
Fage.

6. Subtraclt the econdensing temperalure,
taken from the liguid line thermoameter, from
the corresponding condensing temperature in-
dicated by the pressure shown on the discharge
gage, I the condensing temperature indicated
by the discharge gage is greater by 5°F (or more)
than the condensing temperature shown by the
ligueiad line thermometer, the condenser should
be purged of noncondensable gases,

If the preceding test indicates the need for
PURGING, slowly release the noncondensable
gases, When a purge valve is nol provided,
purge the Fases by opening the discharge pres-
sure gage connection.

The proportion of R-12 ras that will mix
with the noncondensable gases and escape while
the condenser is being purged will depend upon
the rate of purring and upcen the concentration
of the noncondensable gases in the condenser.
N practical test is available aboard ship to
determine definitely when an excessively high
proportion of R-12 gas is being purged with the
noncondensable gases. To keep the R-12 loss
to a minimum when the condenser is being
purged, purge slowly; and freguently check the
condenser for noncondensable cases,

R-12 is odorless in concentrations of less
than 20 percent by volume in air; in heavier
coneentrations, however, it resembles carbon
tetrachloride in odor, I youcan get elose to the
purge-valve (ischarge, you may be able to
determine by the odor of the purged zases when
purging should be discontinued and when the
check for noncondensable gages should lie re-
peated, PROTECT YOUR EYES WITH
GOGGLES when you are checking the odor of
purged gases,

CHARGING THE SYSTEM

A refrigerating system should have an ade-
quale charge of refrigerant at all times; other-
wige its efliciency andcapacity willbe impaired.
The amount of refrigerant charge must be suf-
ficient to maintain a liquid seal between the con-
densing and evaporating sides. When the low
pressure switch stops the compressor, the
liquid receiver of a properly charged system is
generally about 83 percent full of refrigerant,
The relrigerant charge necessary for an indi-
vidual plant is usually stated in the manufac-
furer’s technical manual or on the ship's
drawings,

The dehydrator, located in the liquid line
between the receiver and the evaporator, should
be put into service when charging {adding)} R-12
to the system, or when the prescnce of moisture
in the system is suspected., On systemsa Chat
have moisture indicators the dehydrator should
be used any Lime the indicator does not show
completely dry. The dehydrator eartridges
should be changed when the indicalor continues
to give an indication of moisture in the system
after 36 hours of dehydrator use.

To charge additional R-12 into a refrigerat-
ing system, the entire system should be checked
for leaks, and the following procedure used:

1. Weigh the service cylinders to be used
to charge the system, and determine the weighl
of refrigerant contained in them by comparing
the total weight with the weight stamped on
each evlinder. It is important to know how
much refrigerant is added to the system. The
ameunt of refrirerant charged may be
determined by mounting the charging drum on
a scale and noting the logs of weight as charg-
Ing progresses,

2. Connect one of the service drums to the
gyslem charging conneclion.

3, Open the cylinder wvalve slightly, and
blow out the air in the charging line.

4, Close the eylinder wvalve and tighten the
connection,

5. Open the eylinder walve slightly, and
test (he charging line and its connections for
leaks.

6. Cloze the liquid line valves in the disg-
charge lines from the receiver. Where Lhe
dehydrator is in a liguid line bypass arrange-
ment, elese the liguid line valve between the
dehydrator connections to the main lguid-line
and see that the valves in the dehydrator line
are opeén.
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7. Close the bypass valves around the liquid
control valve assemblies and around the suction
pressure regulating valves, if installed,

B. See that the coils of the solenoid valve
are energized and that the automatic control
equipment is working properly.

9, If the system is equipped with a cross-
connecting line between the condenser inlet
conections, 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 reduction in crank-
case pressure will cause wiolent boiling and
foaming of the lubricating oil as the R-12
absorbed by the oil is released.)

11. If the system is equipped with water-
cooled condensers, see that there is sufficient
circulating water to maintain the condensing
pregsure at 125 psig, In addition, see that
the econdenser water chests are properly
vented.,

12, Open the refrigerant cylinder valve and
the charging valve. With the compressor op-
erating, liguid refrigerant will flow into the
system liquid line. After sufficient refrigerant
has been added, check for system leaks; close
the refrigerant cylinder valve and the system
charging valve. Then open the receiver liguid
line wvalve to place the system in operation,

13. If the system charging connection is
located in the compressor suction line, gradually
open the liquid wvalve at the discharge of the
receiver of the compressor unit. Then openthe
valves in the charging line and operate the
compressor until the required amount of re-
frizerant has been charged into the system.
When charging into the suction (low side) of
the system, keepthe refrigerant cylinder upright
and charge vapor only., (If additional service
drums are reguired, the charging line should
always be pumped down before the drum is dis-
connected,)

CHECKING COMPFRESSOR OIL

If the apparent oil level observed immediately
after a prolonged shutdown period is lower
than normal, it is almost c¢ertain 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 level
should be checked as [ollows:

Jas

1. Operate the compressor on MANUALcon-
trol for at least one hour, Then slowly close
the suction line stop valve, H the compressor
is operating on a water cooler or other coil
which is apt to freeze, observe the tempera-
ture and interrupt compressor operation as
necessary to prevent freezing. Repeat cyeling
until the total running time ({one hour) Is
obtained,

2. Stop the compressor. If the compressor
is force lubricated, immediately observe the
oil level in the sight-glass. If the compressor
is splash lubricated, turn the flywheel until
the crankshaft and connecting rod ends are
immersed In the lubricating ofl, then check
the oil level,

When the compressor has been running on
its normal cyele, with no abnormal shutdown
period, the pil level should be checked as
follows:

1. Wait until the end of a period of opera-
tion: if the operation is continuous, walt until
the compressor has been in operation at least
1/2 hour, then stop the compressor.,

2. As soon asthe compressor stops, observe
the oil level in the sight-glass on forced-
lubricated compressors. H the compressor is
splash lubricated, turn the flywheel until the
crankshaft and connecting rod ends are satis-
factorily immersed in the lubricating oil; then
check the oll level.

Do not remove o0il 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 has been inad-
vertently deposited in the crankcase of another,

However, if the oil level is lower than
its recommended height on the glass, a sufficient
quantity of oil should be added to obtain the
desired level, Do not add more oil than is
necegsary, too much oil can result in excessive
oil transfer to the cooling coils,

Adding Oil

There are two common methods of adding
pil to a compressor. In one type of installation,
a small oil-charging pump is furnished for add-
ing oil to the compressor crankease, Inanother
type, 0il i8 placed in the compreasor by means
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of a clean, well-dried funnel., Ineither installa-
tion, care must be taken to prevent the entrance
of air or foreiznm matter into the compressor.

When performing hourly checks of the com-
presgors, it may be observed that there ls no
pil in the crankcase, or a very low oil level on
the sight-glass. This indicates that the oil has
left the compressor and i8 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 [rom the compressor crank-
case, the pressure in the crankcase should be
reduced to approximately 1 psi by gradually
closing the suction line stop valve. Then the
compressor should be stopped, and the suction
and discharge line valves closed, the lubricat-
ing oil drain plug near the bottom of the com-
pressor crankecase loosened, and the required
amount of oil allowed to drain out, Since the
compressor crankcase is under a slight pres-
sure, the drain plug should not be completely
removed from the compressor: the pil should
be allowed to seep out around the threads of
the loosened plug. When the desired amount
of oil has been removed, the drain plug should
be tightened, the suction and discharge line
valves opened, and the compressor started,
If an oil drain valve is providedinlieu of a plug,
the required amount of oil may be drained
without pumping down the compressor.

Reéenewing the Lubricating Oil Charge

When clean copper tubing is used for R-12
systems, and reasonable care has been taken
ta prevent the entrance of foreign matter and
moiature during installation, the oil in the com-
prossor crankease will probably not become so
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
in the R-12 system, a sample of oil from the
compressor crankease should be withdrawn into
a clean glass container every 3 months. I the
sample shows contamination, the entire lubricat-
ing oil charge should be renewed. It is good
practice to check the cleanliness of the Jubri-
cating oil after each cleaning of the compressor
suction scale trap,
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Care of V-belis

Belts must be properly tightened, Excessive
looseness will cause slippage, rapid wear, and
deterioration of V-belis. On the other hand, a
belt that Is too tight will cause excessive wear
of both the belt and the main bearing of the com-
pressor. In 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 of & multiple
V-belt drive is necessary, a complete new set
of matched belts should be installed, Belts
siretch considerably during the first few hours
of operation. Replacement of a single belt will
upset the load balance between the new and old
belts and will be a potential source of trouble.
It is better practice to run the unit temporarily
with a defective belt removed than to attempt to
operate a new belt in conjunction with two or
more seasoned belts.

V-belts, motor pulleys, and compressor
flywheels should be kept dry and free of oil.
Belt dressing should never be used.

TESTING AND RENEWING
COMPRESSOR DISCHARGE AND
SUCTION VALVES

An R-12 compressor SHOULD NOT BE
OPENED for valve inspection or replacement
until it has been determined that the faulty
operation of the system is eaused by improper
functioning of the valves. Faulty compressor
valves may be indicated by a gradual or by a
sudden decrease in the normal compressor
capacity, [Either the compressor will fail to
pump at all, or else the suction pressure cannot
ba pumped down to the designed value, and the
compressor will run for abnormally long in-
tervals (or even continuously), If the compres-
sor shuts down for shori periods (short cyveles),
the compressor valves may be leaking.

I the refrigeration plant is not operating
satisfactorily, it will be best to first shift
the compressors and then check the operation
of the plant. If the operation of the plant is
satisfactory when the compressors have been
shifted, this indicates that the frouble was with
the compressor.

The compressor discharge valves may be
tested by pumping down the compressor to 2
psig, then stopping the compressor, and quickly
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closing the suction and discharge line valves.
I the discharge pressure drops al a rate in
excess of 3 psi per minute and the crankcase
suction pressure rises, there is evidence of
compressor discharge valve leakage., If it is
necessary to remove the discharge valves with
the compressor pumped down, break the con-
nection to the discharge pressure gage in order
to release discharge pressure on the head.
Then remove the compressor top head and
discharge walve plate, being careful not to
damage the gaskeis.

If the discharge wvalves are defective, the
entire discharge wvalve assembly should be
replaced. Any attempt to repair the wvalve
would probably involve relapping, and would
require highly specialized equipment. Exeept
in an emergency, such repair should never be
undertaken aboard ship.

The compressor internal suction valves may

be checked for leakage by performing these
atepd:

1. Start the compressor by using the manual
control switch on the motor controller.

2, Close the suction line stop valve gradu-
ally, to prevent violent foaming of the compres-
sor crankease lubricating oil charge.

3, Pump a wacuum of approximately 20
inches of mercury. If this wvacuum can he
readily obtained, the compresgsor suction valves
are satiafactory.

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 check
compressor suction valve efficiency of new
R=-12 units until after the compressor has been
in operation for at least three days. It may be
necesgsary for the valves to wear in,

However, if any of the compressor valves
are defective, the compressor should be pumped
down, opened, and the valves inspected, Defec-
tive valves or pistons should be replaced with
spare assemblies.

CRANKSHAFT SEAL REPAIRS

On reciprocating compressors, the crank-
shaft extends through the compressor housing to
provide a mount for the pulley wheel, At this
point the shaft must be sealed to prevent leak-
age of lubricating oil and refrigerant, There
are several types of crankshaft seals, depend-
ing on the manufacturer. The crankshaft seal is
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bathed in lubricating oil at a pressure equal to
the suction pressure of the refrigerant. A
worn or defective seal will leak refrigerant prior
to a noticeable oil leak.

When the seal reguires replacement, or
signs of abnormal wear or damage to the running
surfaces are present, a definite reason for the
abnormal conditions exists and an inspection
ghould be made, It is very important lo locate
and eorrect the trouble or the failure will re-
occur,

Seal failure is very often the result of faulty
lubrication, usually due to the condition of the
crankcase oil. Dirty or contaminated oll is
generally caused by one or both of the following
conditions:

1. Dirt or foreign material in the system
or system piping. Dirt frequently enters the
system at the time of imstallation, After a
period of operation, foreignmaterial will always
accumulate in the compressor erankease, tend-
ing to coneentrate in the oil chamber surrounding
the shaft seal. When the oil contains grit, it is
only a matter of time until the highly finished
running faces become damaged, causing failure
of the shaft seal.

2. Moisture is frequently the cause of an
acid condition of the Iubricating oil. Oil in this
condition will not provide satisfactory lubrica-
tion and will promote failure of the compressor
parts, I the presence of moisture is suspected,
a dryver should be used when the compressor is
put into operation. At any time foreign material
is found in the lubricating oil, the entire system
{piping, valves, and strainers) should be ¢leaned
thoroughly.

Removing and Installing a Shaft Seal

In the event a shaft seal must be repatred or
rengwed, the following procedures should be
accomplished:

Drain the oil from the compressor crank-
case. Since the oil contains refrigerant, it will
foam while being drained. The oil drain valve
or plug should be left open while working on the
seal, so that refrigerant escaping from the oil
remaining in the crankease will not build up a
pressure—and unexpectedly blow out the seal
while it is being removed.

Remove the compressor flywheel (or cou-
pling) and carefully remove the shaft seal as-
sembly, If the assembly cannot be readily
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removed, build up a slight pregsure in the eom-
préssor crankease by slightly opening the com-
pressor suction wvalve, taking the necessary
precautions to support the seal to prevent it
from being blown from the compressor and
damaged.

When the replacement iz made, the entire
seal assembly should be replaced. The parts
should be eclean and should be replaced in ac-
cordance with the manufacturer’s instructions.

See that the shaft iz elean, then unwrap the
geal, being careful not to touch the bearing
gurfaces with the hands. Rinse the seal in an
approved solvent and allow to air-dry. (Do not
wipe the sgeal dry,) Dip the seal in clean re-
frigerant oil. Insert the assembly in aceordance
with manufacturer’s instructions and bolt the
seal cover in place, tightening the bolts evenly.
Replace the flywheel and belts and test the unit
for leaks by opening the suetion and discharge
valves and using a halide leak detector.

Lapping a Shaft Seal

On some compressors, it is possible to lap
in a seal, Due to the difficulty of properly
lapping the rubbing surfaces of a shaft seal,
a seal leak should be corrected by renewing
the assembly. If, however, a new shaft seal
is not available, and it is possible to use the
existing seal by refinishing the rubbing surfaces,
the seal can be lapped as follows: Thoroughly
clean the surfaces of the shaft shoulder and
seal collar, and lap the back of the shaft seal
collar to the crankshaft shoulder. This point
must form an absolute seal so the importance
of this lapping cannot be overemphasized. Only
jeweler’s rouge or the equivalent should beused
for the lapping. The abrasive must be used
gparingly to avoid getting it into the shaft
bearings or crankease, Asthe lapping proceeds,
use less and less abrasive and finishthe lapping
with compressor hubricating oil,

After the lapping has been completed,
thoroughly clean the shaft shoulder and permit
it to dry withoot wiping, With the shaft seal
shoulder and collar dry and clean, lap the two
surfaces together as a [inal lapping operation.
The surfaces are properly lapped when the
gurface of hoth the shaft shoulder and the shaft
geal ecollar form a perfect contact and are [ree
of all mars, seratches, or other imperfections.
It is mood pracitice to make the final examination
with the aid of a good magnifying glass.

In some instances, amolded synthetic rubber
gasket is provided instead of the metal-to-metal
joint between the shaft seal collar and the
crankshaft shoulder, Inanycase, it isextremely
important that these parts be properly fitted and
that the rasket he kept ingood condition in order
that a tight seal be maintained at this point,

When a shaft seal is lapped in, it should be
regarded as a femporary repair and a new
agsembly should be installed as soon as possible,

SETTING CONTROL AND SAFETY
DEVICES

A  refrigeration plant cannot operate
EFFICIENTLY and SAFELY unless the control
and safety devices are in good working order
and set properly. When a new conlrol or safety
device is installed in a refriperation system,
it must be adjusted or set to function at pres-
sures or temperatures in accordance with the
plant design, Periodic tests and inspections
may indicate faulty plant operation that is
due to improperly adjusted control or safety
devices.

Thizs section containg information on some
of the maore common types of control and safety
devices used by the Navy.

The methods of sgetting the low pressure
switch, the water-failure switeh, and the thermo-
static switch are similar; however, these
switches differ as to operating range, purpose,
and setting. Also, the high pressure switch
and the water-failure switch are safety devices
while the low pressure switch and the thermo-
slalie switches are control devices.

For detailed information, consult BuShips
Technical Manual and the manufacturer’stechni-
cal manuals,

The HIGH PRESSURE SWITCH has an aopera-
ting range of 60 to 350 psilg and an adjustable
differential (difference between the cut-in point
and cutout point). - The switch should be set
to cut ont at 160 psig and to cut in at 140 psig.
To set the switch, first remove the cover
plate,  Then the two adjusting screws, one
labeled differential, the other labeled range,
are easily accessible. Turning the range ad-
justing screw to the right raises both the cut-in
point and eutout point. Turning it to the left
lowers these points. The differential adjust-
ment affects only the cutout point. Turning
it to the right raises the cutout point and turn-
ing it to the lefl lowers the cutoul point. Start
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the compressor and control the discharge pres-
sure by throttling the circulating water through
the condenser. Turn the differential screw all
the way to the left and turn the range screw
all the way to the right. Haise the compressor
digscharge to 150 psig. Turn the range screw to
the left until the contactor in the switeh opens,
thereby stopping the compressor. When the dis-
charge pressure drops to 140 psig, turn the
range screw to the right untilthe contacts close,
starting the compressor. The cut-in point is
now set. With the compressor running, turn the
differential screw all the way to the right, then
raise the discharge presaure to 160 psig, Turn
the differential screw to the left until the con-
tacts apen, stopping the compressor. The cutout
point is now set,

The LOW PRESSURE SWITCH has an oper-
ating range of 20 inches of vacuum to 80 psig
and an operating differential of 9 psizto 30 psig.

To set the low pressure switch, start the
compressor and control the suction pressure by
throttling the compressor suction valve, Turn
the range and differential adjustment screws to
the left, Lower the suction pressure to about 10
psig below the desired cul=in pressure and turn
the range screw to the right until the switch
contacts open, stopping the compressor. Allow
the suction pressure to rise to the desired cut-
in preggure and turn range screw to the left
until the switch contacts close, starting the
compressor. The cut-in poinl is now set, Turn
the differential screw all the way to the right,
throttle the suction wvalve to lower the suction,
pressure to the desired cutout pressure. Turn
the differential screw to the left, until the
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 § psig.
To sel the water-failure switch, turn the dif-
ferential screw to the left limit for minimum
differential since the vequired differential (dif-
ference betwesn cut-in and cutout points) is
10 psig. Throttle water overboard valve unlil
a pressure of 15 psig i5 maintained at the
condenser inlet, Turn range screw clockwise
until the switeh contacts open, then turn counter-
clockwise slowly until contacts close. Slowly
shut off water supply, decreasing the pressure,
The contacts should open at 5 psig,

The THERMOSTATIC SWITCH which op-
erates the solenoid valve is similar to the low
pressure switch, Tubing connects a bellows
in the thermostatic switch to a thermal bulb in

the compartment being cooled, The thermalbulb
and tubing are charged with R-12 or some other
volatile liquid, Temperature changes in the re-
frigerated compartment cause corresponding
pressure changes of the actuating medium in the
thermal bulb., These pressure chanpes are
transmitted to the thermostatic switch, through
the connecting tubing. To setor adjust the cut-in
and cutout points of the thermostatic switch, the
same procedure is used as in setting and ad-
justing the low pressure switch.

In actual practice, the refrigerant is super-
heated as well as subcooled during the process
of the refrigeration cycle, Superheating ocecurs
in the cooling eoil and suction refrigerant line
due to the absorption of heat after evaporation
between the cold vapor and warmer piping.
Superheating is advisable in practice because it
assures complete vaporization of all of the
liguid refrigerant before it enters the compres-
sor. As far as the superheat setting of the
THERMAL EXPANSION VALVE is concerned,
the valve is factory set and seldom neecds ad-
justment, To change the superheal setting,
remove the cap on the external superheat adjust-
ment, By using a screwdriver, the adjusting
screw can be turned to the right to increase the
superheat or lurned to the left to decrease the
superheat. One complete turn of the adjusting
screw will raise or lower the superheat approxi-
mately 2°F.

The WATER REGULATING VALVE should be
adjusted to maintain a compressor discharge
pressure of approXimately 125 psig, To raise
the valve opening point, turn the adjusiing nuts
(see fiz, 12-4) clockwise, increasing tension on
the main springs. Inereasing main spring tension
increases the amount of pressure required fo
open the wvalve, Turning the adjusting nuts
counterclockwise decreases the main spring
tension, therefore decreasing the amount of
pressure required to open the valve, I the
ambient temperature is high, pressure (gas) in
the compressor discharge line and condenser
may remain high and cause the water regulating
wvalve to partly open when the compressor is idle,
In such instances, the point of valve opening
should be raised just enough to cause the valve
to close during compressor shutdown.

The wvalve may be flushed by opening it with
an outside force; a screwdriver or similar tool
may be used to force the spring yoke.

When condenser circulating water is obtained
from the firemain, the pressure must be reduced.
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Figure 12-4.—Water regulating valve.

For this pressure reduction, an AUTOMATIC
REDUCING VALVE is installed in the branch
line leading from the firemain to the condenser.,
The reducing wvalve is installed just ahead of
the regulating valve, The outlet pressure can
be wvaried by turning the adjusting screw, which
is located under the cap. Turning the adjusting
screw clockwise inereases the pressure applied
by the spring to ihe top of the diaphragm, thus
opening the valve wider and increasing the outlet
pressure, Turning the adjusting screw counter-
clockwise decreases the spring pressure on the
top of the diaphragm, thus tending to decrease
the discharge pressure,

SAFETY PRECAUTIONS

Refrigerants are furnished in eylinders for
uge in shipboard refriceration systems. The
following precautions must be observed by
personnel handling, using, and storing these
cylinders:

1. 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 if a safe cradle or platform
is provided to hold the cylinders.

3. Caps provided for valve protection must
be kept on evlinders except when the eylinders
are being used,

4. Whenever refrigerant is dischargedfrom
a cylinder, the cylinder should he weighed
immediately and the weight of the refrige-
rant remaining in the cylinder should be
recorded,

5. Never attempt to mix gases inacylinder.

6. NEVER putl the wrong refrigerant into a
refrigeration system! No refrigerant except the
one for which the system was designed should
ever be introduced into the system. In some
cages, putting the wrong refrigerant into a
svstem may cause a violent explosion.

7. When a evlinder has been emptied, close
the cylinder valve immediately to prevent the
entrance of 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 them as rollers, supports, ele.

9. DO NOT tamper with the safety devices
in the 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 threads on regulators
or other connections are the same as those on
the cylinder valve outlets, Never [orce con-
nections that do not [it.

12, Regulators and pressure gages provided
for use with a particular gas must NOT be used
on cylinders containing other gases,

13. MNever attempt to repair or alter cyl-
inders or valves.

14, Never fill R-12 cylinders beyond 80
percent of capacity. -

15, Whenever possible, store eylinders in a
cool, dry place, in an upright position, If the
cylinders are exposed to excessive heat, a
dangerous increase in pressure will oceur. If
cylinders must be stored in the open, take care
that they are protected against exiremes of
weather, NEVER allow a cylinder to be sub-
jected to a temperature above 125°F.

16. NEVER allow R-12 to come in contaet
with a flame or red-hot metall When exposed
to excessively high temperatures, R-12 breaks
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down into PHOSGENE gas, an extremely poi-
sohous substance. PBecause R-12 is such a
powerful freezing agent that even a very small
amount can freeze the delicate tissues of the
eves, causing permanent damage; it isessential
that gogeles be worn by all personnel whe may be
exposed to a refrigerant, particularly in its
liguid form. If refrigerant does get in the eves,
the person suffering the injury should receive
medical treatment immediately inorder toavoid
permanent damage to the eyes, Inthe meantime,
put drops of clean olive oil, mineral oil, or
other nonirritating oil in the eyes, and make
sure that the person does not rub his eyes,
CAUTION: Do not use anvthing except clean,
nonirritating oil for this type of eye injury.
{NOTE: U large leaks are indicated, the soap
method should be used to detect leaks: for
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minute leaks, the halide toreh should be

employed.)

If R-12 comes in contact with the skin, it
may cauge 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 fluid of low toxicity.
Howewver, in closed spaces, hich concentrations
displace the oxyegen in the air and thus do not
sustain life, I a person should be cvercome by
F-12 remove him IMMEDIATELY to a well-
ventilated place and get medical attention at the
earliest opportunity, Wateh his breathing., If
the person is not breathing, give artificial
respiration.



CHAPTER 13

AIR CONDITIONING EQUIPMENT

Alr conditioning is a field of engineering
dealing with the design, construction, and op-
eration of equipment used in establishing and
maintaining desirable indoor air conditions, It
is the science of maintaining the atmosphere of
an enclosure within specified limits of tempera-
ture, humidity, and purity, As such, air condi-
tioning involvesthe cooling, heating, dehumidify-
ing, ventilating, and purifying of air.

Cne of the chief purposes of air conditioning
i to keep the ship's crew comfortable, alert,
and physically fit. The air of various compart-
ments must he of the right temperature, have
the proper moisture content, have confamination
held within an acceptable level, be ciroulated
properly, and have the correct proportion of
oxyzen. It must be remembered that the human
body cannot long maintain a high level of effi-
ciency under adverse conditions,

However, the comfort and fitness of the crew
i3 not the chly immediate purpose of air condi-
tioning, Mechanical cooling or ventilation must
alzo be provided for ammunition spaces to pre-
vent deferioration of ammunition components:
for gas storage spaces, fo prevent excessive
pressure buildupin containers and contamination
from leakage in the space; and for electrical
equipment spaces, to limit ambient (encom-
passing) temperature to that specified for the
aguipment.

This chapter covers general information
concerning the operation and maintenance of air
conditioning equipment used by the Navy. Addi-
tional information may he cbtainedtrom chapter
G380 (38) of BuShips Technical Manual,

VENTILATION EQUIPMENT

Since proper ecirculatiom is the basis of all
ventilating and air conditioning systems and of
related processes, information dealing with
means of circulating air will be congidered first,
The sections which follow contain information
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on equipment used to supply, circulate, and dis-
tribute fresh air, and to remove used, polluted,
and overheated air,

Iranz uged on Navy ships inconjunction with
supply and exhaust systems may be divided into
two general elasses: axial flow and centrifugal,
Maost fans in duct systems are of the axial flow
type because axial flow fans generally require
less gpace for installation.

Centrifugal fans are generally preferred for
exhaust systems handling explosive or  hot
gages, The motors of these fans, heing outside
the air stream, cannot ignite the explosive
gases. The motors are subject to overheating to
a lesser desree than are motors of vaneaxial
fanz, I the temperature of the gases bFeing
handled is very high, the heat transmitted tothe
motor, through the shaflt, may cause trouble,

VANEAMIAL FANS (fip, 13-1) are high pres-
sure fans and are generally installed in duct
gystems. They are provided with vanes at the
digcharge end to straighien out rotational air
maotion caused by the impeller. The motors for
these fans are cooled by the air in the duct.
They will overheat if operated with all air over
the fan shut off,

TUBEAXIAL FANS are low pressure fans
and are usually installed without duct worl,
However, they do have sufficient pressure for
a short length of duct,

CENTRIFUGAL FANS (part A of fip. 13-2)
are used primarily for cxhausting explosive or
hot gases. However, they may be uged in lieu
of axial flow fans if they work in better with the
arrangement or if their pressure-volume char-
acteristics suit the installation better than an
axial flow fan would.

The PORTABLE FANS (part B of fig. 13-2)
with [lexible airhoses, are used aboard ship to
ventilate compartments alter painting, toexhaust
flammahble or toxic gases from closed spaces
and tanks, and to cool hot spots around machin-
ery during repairs.
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Figure 13-1.—Vaneaxial ventilating fan: A, Exterior view.

B. Cutaway view, C, Cutaway view of the fan motor,

Most of the portable fans are of the axial BRACKET FANS3 are used in hot weather to

flow type, driven by electric, explosion-proof
motors, On  ships carrying cagoline, a few
air turhine-driven centrifugal fans are nor-
mally provided. Greater confidence is placed in
the explogion-proof characteristics of these fans,

provide loeal eirculation, These fans are usually
installed in living, hospital, office, commissary,
issuance, and berthing spaces on ships which
are not air conditioned. Where mechanical cool-
ing is emploved, bracket fans are sometimes
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Figure 13-2,—Ventilating fans: A. Cenirifugal fan. B.

uged to facilitate proper circulation and diree-
tion of cold air,

When it is necessary to locate ventilation
intakes in exposed locations on weather decks
to serve spacesrequiring continuous ventilation,
a bucket type WATERPROOF VENTILATOR is
installed to exclude water, The waterproof ven-
tilator, shown in fipure 13-3 consists of an outer
housing, an inner ventilator shaftextending upto
the outer housing, and a bucket-type closure
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Portable axial fan.

supported over the wentilator shafl by a com-
pression spring. The bucket is provided with
drain tubes extending info a sump between the
ventilator shafi and the outer housing, The sump
is provided with scupper valves, which drain
onto the weather deck.

The wventilator operates automatically, and
iz normally open. Small guantities of water
which enter the ventilator fall into the bucket
and drain out through the drain tubes and
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scuppers. In heavy seas, when water entersthe
bucket faster than it drains out, the weight of
water forces the bucket down against the top
of the ventilator shaft. Thus, a watertight seal
ig formed and maintained until sufficient water
drains out to permit the force of the spring to
raise the bucket to the open position. Operating
gear is generally provided, also, to permit a
manual cloging of the ventilator. With slight
variations i construelion, this wventilator is
used for both the supply and exhaust of air.

EXHAUSTS are used to remowve heat and
objectionable odors at their source. Machinery
gpaces, laundries, and galleys are but a few

BELLMOUTH
{Steel)
SCRERN
(Steal)
UPPER BEARING
ARM
UPPER SHELL {Steal)
T0p {Steal)
{Stoal} SPRING SHIELD
INSPECTION PLATE [Stuel)
(Stacd) ORAIY MPE

{5reel Tube)

of the spaces aboard ship where exhausts are
used.

Most exhausts on Navy ships are mechanical
although natural exhaust is sometimes exten-
sively utilized on small craft and in ships’
superstructures,

MECHANICAL COOLING EQUIPMENT

Cm the latest combatant ships, practicallyall
parts of the ship, excepl machinery spaces, are
air conditioned, To determine what equipment
will most effectively lower the temperature of
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B
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Figure 13-3.—Waterproof ventilator: A. Exterior view. B. Cutaway view.
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compartment air and dehumidity it, the Navy has
tested several types of air cooling systems.
Basically, these systems are refrigerant sys-
tems, with their desizn and conslruction de-
pending on the characteristics of the COOLING
AGENT circulated through the system and on
the PRINCIPLE OF OPERATION utilized.

Cooling systems can be broadly classified,
according to the cooling agent circulated to the
gpace to be cooled, as chilled-water circulating
systems and as refrigerant circulating systems,
Classified according to the principle of opera-
tion, the systems are: thermocompression
{steam jet), absorption, and vapor compression.

For recommended temperatures for specific
gpaces, refer ta the Bureau of Ships Technical
Manual (chapter 9380).

REFRIGERANT CIRCULATING SYSTEM
(VAPOR COMPRESSION)

The refrigerant circulating gystem (lig, 13-
4) is essentially a shipboardrefrigerating plant,
consisting of a compressor, condenser, cooling
coils, fan, air filter, andthe necessary controls.
R-12 is used as the refrigerant and cooling
agent in systems of this type. R-12 is inflam-
mable, nontoxic, and has suitable operating
characteristies, partieularly for shipboard re-
ciprocating compressors.

Starting from the space to be cooled, the air
conditioning cyecle (see fig, 13-5) is as follows:
The hot, moist air from the space is drawn
through a duct or passape way, where it mixes
with fresh air drawn infrom the outside. The fan
blows the air over the cooling coil, and the
refrigerant inside the coil cools the surface of
the coil, These cold surfaces absorb the heat
from the air passing over them and condense
the excess moisture, The moisture drips off into
a pan below the coil and is earried away by
piping. The cool, dry air leaving the coil is
blown into the compartment that isbeing air con-
ditioned, where it absorbs the excess heal and
moisture In the space, and is then returned to
the cooling coil. Alr is exhaustedfrom the space
to allow for fresh air being drawn intothe space.
The cooling coils are installed in duct systems
leading to the spaces to be air conditioned.
Automatic and manual conirols are added to
regulate the operations of the air conditioning
equipment.

In general, the machinery and piping arrange-
ments of the ship’s refriperant system and of
the refrigerant-circulating air conditioning sys-
tem are similar,
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Operating suction pressures and eévaporator
temperatures used in air conditioning systems
are higher than those in refrigeration systems.
The difference in suction pressure results in
a corresponding effect on the rated capacity of
the compressor.

In refrigerant-virculating air conditioning
systems, the thermostatic expansion valves are
normally of the external equalizing type, (An
external equalizing connection is required where
the refrigerant pressure loss through the cooling
eoil is of any consequence, such as, above 2 1/2
pounds of air conditioning, 1 1/2 pounds for
middle range refrigeration, and 1/2 pound for
frozen food applications.} The internal equalizing
port between the wvalve outlet and the spring
chamber is eliminated; instead there isan open-
ing, through the valve, directly into the spring
chamber., By means of copper tubing the spring
chamber is connected to the cooling coil, beyond
the point of greatest pressure drop, Inair con-
ditioning plants, the external equalizer is re-
guired in instances where the pressure drop
through the cooling coil is 2 1/2 psi or more,
or when multicircuit coils are used.

CHILLED WATER CIRCULATING
SYSTEMS

There are two air conditioning systems cur-
rently in use, which circulate chilled water to
the spaces to be cooled. One type operates on the
vapor compression cyele and R-11 or R-12 is
used as the primary refricerant; the type of
primary refrigerant used will depend on the size
of the unit and the type of compressor installed.
The other type of system operates on the
absorption cycle and uses water as the primary
and sccondary refrigerants; lithium bromide
iz used as an ahsorhant,

Chilled-Water Circulating Svstem
(Vapor Compression)

The wvapor compression chilled-water cir-
culating system differs from a direct expansion
air conditioning system in that the air condition-
ing is accomplished by a secondary refrigerant
[chilled water) which is circulated tothe various
cooling coils, Heat from the air conditioned
space is absorbed by the chilled water and is
removed from the water by the primary refrig-
erant gyslem in the water chiller, In larger
capacity air conditioning systems, the com-
pressor may be a centrifugal type that uses
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Figure 13-4.—Typical shipboard refrigerant—circulating air conditioning system.

Relfrigerant-11 as the primary refrigerant
rather than a reciprocating type that uses R-12,

The operating cycle of the centrifugal re-
frigerating machine (fig. 13-6) is basically the
gsame as most refrigerating machines except for
the method of compression, The relrigerant
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vapor coming from the cooler goes intoan open-
ing around the hub of an impeller wheel. The
blades in the rapidly rotating wheel impart
velocity and compress the vapor. In a multi-
stage compressor, the vapor is then directed to
the hub of an additional whesl or wheels. The
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Figure 13-5.—Mechanical air-cooling cycle.

vapor is compressed to about 12 psi and dis-
charged to the condenser.

Between the condenser and the cooler on
multigtape units, the liquid refrigerant 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 to the second stage of
the compressor—the pressure in the lower
chamber is greatly reduced. This reduction of
pressure causes some of the liquid refrigerant
to flash into vapor and cools the remainder of
the refrigerant, Thus, the economizer acls as
an interstage flash cooler and inereases the
efficiency of the plant. A float in the lower
chamber of the economizer allows the passage of
the refrigerant into the cooler. Inthe cooler, the
liquid refrigerant changes its state to a vapor
and in so doing absorbs heal from the water.

Waler is pumped through the cooler (fig,
13-8) 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., 13-8) is of
the two-stage type and consists of the casing,
rotor, bearings, shaft, impellers, and shaft

seal. Centrifugal compressors are usually motor
driven through a speed increasing gear which
ensuras proper compressor speed with a stand-
ard speed motor. The speed increasing gear is
of the double-helical type, pressure lubricated by
a gear-type oil pump, which is driven from the
compressor shaft,

Some centrifugal compressors are turbine
driven; in these compressors, a speed increas-
ing gear is nol necessary. On recently built
warships, single-stage centrifugal compressors
are used,

The chilled-water cooler is of the shell and
tube fype. A gas baffle is installed above the
tubes to prevent the carryover of liguid re-
frigerant into the compressor suction, When
the plant is shut down, the normal refrigerant
charge covers about 50 percent of the tubes;
however, when the plant is in operation, the
boiling refrigerant covers all of the lubes.

The following controls and safety devicesare
typical of those installed on a centrifugal re-
frigerating system: (Control settings are ap-
proximate since they will vary with differences
in design,)
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Figure 13-6.—Chilled water cireulating system, with a centrifugal compressor.

1. The CONDENSER GAGE indicates the
pressure corresponding to the condensing
temperature.

2. The COOLER GAGE indicates the
pressure corresponding fto the evaporator
temperature.

3, The Ol GAGE indicates the lube pil

pressure wWithin the lubricating system,

4, The HIGH PRESSURE SWITCI is actu-
ated by the condenser pressure and is set to
cut in at § psig and to cut out at 15 psig,

6. The COMPRESSOE LOW LUBE OIL
PRESSURE SWITCH is actuated by the com-
pressor oil pressure and is sget to eut inoat 12
psizx and to cut out at 6 psig,

6. The GEAR LOW LUBE OIL PRESSURE
BWITCH is actuated by the gear oil pressure
and is sel to cut in oat 15 psig and to cut out
at 6 psig.

. The CONDENSER WATER PRESSURE
FAILURE SWITCH is actuated by the sea water
pressure and is set to cut in at 15 psip and to
cut out at & psigc,
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8. The CHILLED WATER DIFFERENTIAL
PRESSURE FAILURE SWITCH is actuated by
the chilled water pressure and is set to cut in
at 20 psig and to cut out at 16 psie.

4, The REFRIGERANT TEMTPERATURE
CONTROL SWITCH has its thermalbulb located
in the cooler. It is set to cut out at 307F and o
cut in at 40°F.,

10, The CHILLED WATER TEMPERATURE
CONTROL SWITCH has itsthermal bulb located
in one of the tubes in the chilled-water cooler,
It ig =et to cut out at 42°F and to cut in at 50°F.

11. The OIL HEATER START AND STOP
BUTTON controls the electric heater localed
in the oil pump chamber of the compressor.
The oil heater limits the amount of refrigerant
absorption during shutdown. The heater should
be turned on when the compressor isnot running
and turned off when the plant is operating.

The contacts of all safety devices are closed
when normal conditions exist. Opening the con-
tacts of any safety device stopsthe compressor.
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After the cause of the abnormal condition has
been determined and corrected, the compressor
must be started in the usual way.,

The centrifugal refrizerating unit operates
on the usual compression evele. The evels,
starting at the cooler, is as follows:

The water {lowing through the cooler tubes
is warmer than the refrigerant on the outside
of the tubes, The heat transfer is [rom ths water
to the refrigerant, The heat evaporates the re-
frigerant, The evaporated refrigerant (vapor)
is drawn into the compressor by the first-stage
impeller. The first-stage impeller compresses
the vapor and discharges it to the second-stage
impeller. Here it joins a stream of vapor
coming from the economizer. Compression of
the two streams is completed by the second
stage and the compressed vapor is discharged
to the condenser.

In the condenser, the vapor condenses to a
liguid and drains info the condenser float cham-
ber. The rising refrizerant level opens the fleat
valve and allows the liguid refrigerant to pass
into the economizer chamber which has a con-
nection to the second siage of the compressor.
Enough of the liquid evaporates to cool the
remainder to the temperature corresponding
to the pressure in the economizer. As the liquid
collects in the economizer float chamber, the
rigsing level opens the float valve and allows the
liquid to pass to the cooler.

Chilled-Water Circulating System
{ Absorption)

The chilled-water circulating system which
operates on the absorption eyele differs [rom
that which operates on the compression cycle
in that it employs heat energy instead of
mechanical energy to effect the change in con-
ditions necessary to complete the refrigeralion
evele. The compressor is supplanted by a heater
or generator. Gas, steam, or an¢lectric heating
element may be emploved as a heal gource, In
the system which operates on the absorption
evele, a solution of lithium bromide serves as
an absorbant that maintains the necessary
vacuum to evaporate and chill the water; the
water is then pumped to the cooling coils, The
lithium bromide-chilled water cireulating sys-
tem is currently being used on some naval ships.

The major parts of the sysiem are two shell
units, a heat exchanger, an eductor, and pumps,
One unil contains the evaporator and the ab-
sorber; the other unit containg the generator and
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the condenser. (See fiz. 13-7.) The heat ex-
changer, eductor, and pumps are of conventional
design.

The evaporator consisis primarily of a spray
pipe and water tank or receiver. The incoming
water is sprayed into the upper half of the shell.
Chilled water which has not vaporized is col-
lected by the receiver part and returned to the
chilled water system by means of a pump,

The absorber unit consists of a lithium bro-
mide liquid solution spray pipe and sea water
cooling coils, Salt water is pumped through these
coils to cool the lithium bromide. The liquid
solution is eollected in the bottom of the shell.

The generator consists primarily of a steam
coil, located in the bottom half of the shell.
Steam, supplied by the ship, is passed through
the tube nest to boil the liquid lithium bromide
in which the tubes are submersed,

The condenser unit consists of a cooling coil
and a condensate receiver or drain tank. Salt
water which s piped from the absorber cooling
coil, flows through the tube nest.,

In a lithium bromide plant, chilled water is
spraved into a chamber within the evaporator
in much the same manner as in the steam-jet
refrigeration system (described in chapter 12
of this publication). The shell being under
vacuum causes a small part of the water to
flash into vapor, which coolg the remaining
water.

The wvacuum in the shell is oblained by
spraying a lithivm bromide solution over the
eooling coils of the absorber unit, The amount
of vacuum maintained in the unit depends upon
the concentration and temperature of the solu-
tion, This solution absorbs the water flashed
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 shell unit, containing the
evaporator and the absorber, depends upon a high
vacuum, a strong concentration of the lithivm
bromide golution, and a low temperature of the
solution and shell space.

The preceding process would very quickly
result in the dilution of the lithium bromide
solution with the absorbed water [rom the
chilled water system—a dilution which would
reduce the absorbing action of the solution,
Therefore, the water must be removed in order
to keep a concentrated solution. This removal
is accomplished by continuously draining part
of the liquid from the primary lithium bromide
solution gvatem, and sending this liquid to the
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Figure 13-7,.—8chematic drawing of the lithiuvm bromide plant,
generalor, where the diluted or weak solutionis  maintains a difference in pressure hetween the

baoiled fo remove the exeess water, Steam coils
are used to heat the liquid in the lower part of
the penerator shell.

The steam from the boiling liguid is con=
densed in the upper part of this shell. Salt water
is circulated through the condenser to cool the
steam and transform it baeck into water, which
ig then returned to the evaporator section. The
concentrated lithium bromide is returned to the
primary circulating aystem. The loop seal

two shells.

The heat exchanger is added to the plant to
improve the efficiency and fo reduce cooling
water consumption. The strong solution will
transfer its heat to the cool, weak solution which
is to be boiled inthe penerator, The strong solu-
tion must be cooled to prevent it from carrying
heat to the absgorber unit,

Automatie devices and confrols are added to
operate or control the various piping systems.
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Relief walves, gages, and thermometers are
also ineluded, A purge System, not shown in
fisure 13-7, is installed to remowve air and
noncondensable gases from the plant.

PACEKAGED UNIT AIR
CONDITIONERS

Packaged unit air conditioners are now being
installed on some ships that were built without
air conditioning. This type of air conditioner is
built with the entire unit in one metal cabinet,
Ingtallation is simple: only the mounting brack-
ets, electirical leads, and the cooling water lines
are necessary for complete installation.

Compressing elements in packaged unit air
conditioners are usually of the hermetic type
(totor and compressor are contained ina welded
steel shell), Repairing the compressor or motor
aboard ship is not feasible; the assembly should
be replaced as a unit,

Compressor discharge pressures vary from
120 psig to 200 psig, suction pressures vary
from 30 psig to 65 psig, The temperature DROP
of the air across the cooling coil is usually
about 16°F to 187F.

Some packaged unit air conditioners use a
thermal expansion walve, similar to the type
used on the ship's refrigeration plant; many
types utilize one or more capillary tubes,

A capillary tube is a small copper tube with
about 1/18-inch inside diameter. The tube acts
a8 a restrietion (or orifice) to reduce the pres-
sure of the liquid refrigerant, just prior to its
entering the cooling coil. The effect on the re-
frigerant is the same as when it passes through
an expansion valve, Some air conditioners use
as many as 11 capillary tubes to ensure an even
flow of refrigerant throughout the cooling coil.

The high pressure and low pressure switches
are sel and sealed at the factory, The only ad-
justable controls are the waler regulaling valve
and the thermostat., The principle of operation
and the adjustment aof the water regulating valve
are the same as for the one used on the ship's
refrirerating plant,

Tao set the thermostat, the following pro-
cedure may be used:

1. In the air conditioned compartment, place
a thermometer at a point where the desired
room temperature is of most importance.

2. Turn thermostat control to the coldest
position.

3. When the desiredtemperature isreached,
slowly turn the thermostat control toward the
fwarmer® position until the compressor stops.

HEATING EQUIPMENT

VENTILATION HEATERE (fig. 13-8) are
installed in duet systems and areusedwherever
feasible, because of savings in weight, space,
and piping. These heaters arve built to withstand
considerable shock and have standard connec-
tions lo simplify piping. The copper tubes,
through which the steam flows, are arranged
in a single row.

Two different types of coil arrangements
are emploved, Part B of figure 13-8 shows the
S8 arrangement with the tubing serpentined,
The S-type is used in small size heaters. For
large size heaters the 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 tube), Steam pressures up to 150 psi may
be used in these heaters.

Large wvenlilation supply systems, excepting
those serving machinery spaces, are provided
with a PREHEATER at or near the weather
intake. By locating the heater near the intake,
the duet temperature is kept high enough
to  avold condensation during cold weather
operation,

In gystems emploving the preheater, a RE-
HEATER (or reheaters) is also provided. In
recirculating cooling systems, reheaters are
usually provided to maintain specified space
temperatures during cold weather operation.

Reheaters supply either single spaces or
zones. Zones are made up of Spaces that are
oxpected to have similar heat loads, Reheaters
are controlled by room thermostats. In re-
circulating cooling svstems on the newer ships,
the reheaters are supplied from constant steam
lines and reheat air to any zone which would
be overcooled.

In small ventilation systemsemploying short
duct runs where one heater will produce the
required temperature rise, the COMBINATION
HEATER is used alone. Combination heaters
may also be used with reheaters where it is
desired that the system supply more than one
gpace but where the combination heater is suf-
ficient to maintain the reguired temperature
rise in one of the spaces.
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CONVECTION HEATERS (fig. 13-9) are
installed in small spaces or in spaces whichare
not fitled with mechanical supply ventilation.
These heaters have a hiph heating capacity for
their size and weight, are congiderably smaller
than radiators or pipe-coeils of the same capacity,
and will withstand severe shoek. A steam pres-
sure up to 160 psi may be uged in the heaters,
or a forced hot water sysiem may be employed,
When theyv are used with steam pressure be-
tween 25 and 50 psi, temperature differentials
at different levels in the room are reduced, The
heating is regulated with the air bypass damper
in the front part of the heater. The cabinets are
generally of steel, though they may be (if
desired) of nonmagnetic stainless steel, copper,
or aluminum,

UNIT HEATERS {see fig.13-10) are actually
ventilation heaters installed separately with
their own fansg, They are used in special cases
such asg when the amount of supply ventilation is
too small to provide sufficient heat through
ventilation heaters, or where there is no me-
chanical ventilation supply and the heat require-
ments exceed the capacity of convection heaters.
Thev can be used with either steam pressure
up fo 150 psi or with foreed hot water systemas.
Composite parts of the heaters inelude the tub-
ing, heat transfer fins, fan, thermostatic con-

EMD COVER
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trol wvalve, strainer, trap, and heat direction
blowers.

ELECTRIC HEATERS are used for spaces
lpeated at a considerable distance [rom the
gleam piping system. They are built in many
types and designs,

MAINTENANCE OF AIR CONDITIONING
EQUIPMENT

To ensure proper operalion of any air con-
ditioning system, periodic inspection and main-
tenance is absolutely necessary. Each ship
should have an organization responsible for the
maintenanee of ventilating, heating, and cooling
equipment.

VENTILATION EQUIPMENT

Shipboard ventilation must serve not only to
supply, circulate, and distribute [resh air, but
also to remove theused, contaminated, and over-
heated air from the various spaces. If the venli-
lation equipment fails to perform its functions
properly, conditions may be created which will
jeopardize the health or life of crew members,
Therefore, the individuals responsible for in-
gpection and maintenance must be thoroughly
familiar with the ventilation equipment.
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Figure 13-8.—Ventilation heaters: A, Exterior view of S-type heater.
B. Tube arrangement of S-lype heater, €. Tube arrangement of T-type heater.
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ONING EQUIPMENT
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Tigure 13-9.—Convection heater: A,

A shiphoard ventilation system and its consti-
tuent parts cannotbe isolated and separated from
other component systems in a complete air con-
ditioming system, For example, the air duct
digtribution svstem of a ship may be utilized for
other systems used in cooling, heating, and de-
humidifying the ship's atmospherie air. Inaddi-
tion to ducts, a ventilation system may include
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Cutaway view. B, Exterior view,

weather openings, screens, filters, fans, grat-
ings, closures, heaters, cooling coils, venturi
tubes, dampers, and terminals, Obviously, if a
ventilation system is to function effectively,
it is essential that all of its various units be
kept clean and in satisfactory operating condi-
tion. To maintain a ventilating system inthe best
condition regquires the observance of applicable



ENGINEERING, OPERATION AND MAINTENANCE

CASING
(STEEL)

LOUVRES
(STEEL)

RECEPTACLE

A

TEMPERATURE REGULATOR
(BROMZE}

STEAM OR
HOT WATER
SUPPLY

STRAIMER
(BROMZE)

GRAIN OR
RETURN CONNECTION
{ COPPER}

HEATER
(COPPER}

FAHN HOUSING
(STEEL)

Figure 13-10,=Unit heater: A, Exterior view,

precautionary measures, and the adherence to
preservibed maintenance procedures,

Guarding Against Obstructions
To Ventilation

Such items as swabs, deck gear, and trash
stowed in fan rooms or ventilation trunks nol
only restrict air flow but also inerease dirt and
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THERMOSTAT TYPE L
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B. Cutaway view.

odors taken on bhoard, Ventilation terminals
must never be uged for stowage, Wet clothing
secured to ventilation terminals increases the
moigture content of the compartment alr, and
restricts the air flow, Stoware arrangements
should be such that ventilation weather openings
are never restricted.

Do not use gauze or similar material asa
filter over an air supply terminal, Gauze may
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ald in preventing the passage of dirt but it also
gerves as an obstruction to the passage of air.
The fact that filtering is necessary indicates
that the system needs cleaning, The amount of
dirt entering a space from the ventilation system
can be most effectively reduced by keeping the
ducts clean, If it becomes necessary lo place
a filter in an air supply system, place the filter
at the intake rather than supply terminals.

Keeping the System Clean

Dirt accumulations in a ventilation system
not only restrict the flow of air but also create
a serious fire hazard, In aclean duect the cooling
effect of the metal tends to act as a flame ar-
regter, but an aceumulation of forelgn malter
within a duet becomes a potential source of
combustion. One method of reducing the amount
of dirt and combustible maiter which may be
carried into a ventilation system is to wet down
the areas in the vicinity of the air intakes before
sweeping.

Sinee a great volume of air passes through
or over the elements of a ventilation system,
dirt will collect in the various units in spite of
precautionary measures. The greatest accumu-
lations of dirt will be within trunks and ducls
where it is not readily noticeable. Therefore,
periodic inspections and a definite service pro-
eedure are necessary to keep the system clean,

Cleaning Filters

Navy standard air filters have automatic
filter load gages or pressure taps oneachside of
the filter bank, By use ofaportable differential
pressure gage, the pressure drop across the
filter may be quickly read, When the pressure
drop increases to three times that of a clean
filter, the filter mwst be cleaned, Ships are
provided with spare filters so that a clean one
may be substituted for the dirty one. A sys-
lematic procedure may be set up for cleaning
all filters on the ship,

Where there are only a few filters aboard
ship, they may be cleaned in the galley dish-
washing machine. Ships having a sufficient
number of filters to justify the space, expense,
and weight are supplied with special cleaning
sinks. In either casge, filters are washed with
dishwashing compound, used in accordance with
the current dishwashing instructions,

If a special cleaning sink is used, the follow-
ing procedure should be performed:
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1. Place filters in the wire basket, one filter
deep, with the dirty side up.

2. Fill sink with fresh water, cut steam into
sink to heal and agitate the water. (Most of the
lint and dirt will rise to the top and pass off
with the overflow.)

3. When filters are clean, cut off the steam
and drain the sink.

4. Refill sink with fresh water, cut steam
into sink and rinse filters,

5. Reoil filters.

Navy standard air filters have a thin film
of ofl applied to the wires. The oil film retains
fine particles of dirt and lint, After each wash-
ing, the filters may be reoiled by spraying with
2075 oil or a filter adhesive other than the type
in pressurized (aerosol) spray cans, provided
it is nontoxic, odorless, water soluble, and has
a flash point greater than 330°F. Spray guns
furnished for oiling air filters must not be used
for any other purpose, to avold the possibility
of contaminating the filters with toxie, flam-
mable, or ador laden materials,

Flame arresters and grease filters may be
cleaned 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 of
the information concerning refrigeration, given
in this training course, is equally applicable to
air conditioning equipment, To ensure proper
operation of any R-12 air conditioning plant,
periodic inspections must boe made of compres-
sors, valves, motors, cooling coils, air filters,
and other installed equipment,

Some of the most important inspectionsnec-
esgury for air conditioning plants are listed in
the following paragraphs. (Note: On ships
where the Planned Maintenance System is in
effect, inspection schedules are observed in
accordance with that system,)

Daily lhspections
The following inspections should be per-
formed daily:

1. Check all motors for overheating.
2, Check oil level in the crankeases of the
compressors every 2 hours,
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3. Check for excessively high and low refrig-
erant pressures.

4, Check erankcases for low temperatures
or excessive liquid R-12 returning tothe crank-
ease,

Weekly nspections

Weekly inspections and maintenance should
be performed as follows:

1. Cheek all fans for unusual noise and
vibration.

2. Check all regularly operated valves and
compressor seals for leaks,

3, Check V-belis for proper tension.

4, Check [lywheels, pulleys, and flexible
couplings.

5. Clean ewvaporator coils which are not
protecied by filters.

6. Clean and dust all equipment,

7. Clean air filters,

8. Check all systems for refrigerant leaks.

Monthly and Quarterly Inspeclions

Every month, a check of the system should
he made, a8 follows:

1. Check V-belts [or wear, and clean off all
oil and dirt,

2., Check and eclean all automatic control
and gafety devices, also all switch contacts.

3. Check and clean condenser tubes when
refrigerant or water temperatures indicate the
need,
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4, Inspect evaporator coils; clean them
at least every 3 months, and more often if
Necessary.

5. Inspeet the zine fingers in the condensers;
replace the zine when deterioration 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 lubri-
cate a8 necessary.

3. Wash out fan bearings, unless they are
of the new type that requires no cleaning or
oiling: check clearance; refill with new oil,

4, Check rusting of metal paris on all
equipment,

5. Check all ball bearings: add grease when
necessary.

6, Test all gages at least once each year,
more often if necessary.

7. Inspect all insulation coverings of cold
pipes, especially seams. Replace all rusted
binding wires and rotted covering cloths: add
seam filler where necessary,

In addition to inspections, safety precautions
must be observed, Refer to the section on safety
precautions in chapter 12 (Refrigeration Plants)
of this publication. These precautions are
equally applicable to air conditioning plants,



CHAPTER 14

AIR COMPRESSORS

Compressed air has many uses aboard ship,
Some of the common uses of compressed air
are as follows:

1. Operation of pneumatic tools,

2, Cleaning elecirical machinery, fuel oil
atomizer tips, and COg indicator systems.

3. Ejecting gas from ship's guns,

4, Starting diesel engines.

5. Charging and firing torpedoes,

fi. Operating pneumatic control systems,

7. Control air for boiler combustion control
systems,

Compressged air 13 supplied fo the various
systems by high pregsure, medium pressure, or
low pressure air compressors, as appropriate.
Teducing valves recduce a high pressure to a
lower pressure for a specific system.

AIR COMPRESSOR CLASSIFICATIONS
AND COMPONENTS

There are a number of variations in the
design and construction of air compressors. The
construction and principles of operation of some
of the most common lypes of air compressors,
used on Navy ships, are discussed in this sec-
tion. The remaining sections of the chapter cover
pperating procedures, care and maintenance,
inspections and ftests, and safely precautions
for compressors,

COMPRESSOR CLASSIFICATIONS

Alr compressors are classified in various
ways, A compressor may be single-acting or
double-acting, single stage or multistage, and
horizontal, angle, or vertical, as shown infigure
14-1, A compressor may be designed so that
ONLY one stage of compression takes place
within one compressing element, or sothat more
than one stage takes place within one compress-
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ing element. In general, compressors are classi-
fied according to the type of compressing ele-
ment, the source of driving power, the method
by which the driving unit is connected to the
compressor, and the pressure developed.

Types of Compressing Elements

Alr compresgsor elements may be of the
centrifural, rotary, or reciprocating types.
lost of the compressors used in the Navy have
reciprocating elements (fiz. 14-2). In this type
of compressor the air is compressed in one or
more ¢ylinders, very much like the compression
which takes place in an internal combustion
engine,

Source of Power

Compressors are driven by eleciric motors,
internal combustion engines, steam turbines, or
reciprocating steam engines. Most of the air
compressors in naval service are driven by
eleciric motors.

Drive Connections

The driving unit may be connected to the
compressor by one of several methods. When
the compregsor and the driving unit are con-
nected on the same shaft, and mounted on a
common base, they are close coupled, Another
means of close coupling iz with the use of a
flexible coupling. Flexible couplings are nor-
mally used when the driving unit and the com-
pressor are not mounted on a common base.

V-bell drives are commonly usedwith small,
low pressure, motor-driven compressors, and
with some medium pressure compressors. Ina
few installations, a rigid coupling is used be-
tween the compressor and the motor, Inasteam
turbine drive, compressors are usually driven
through reduction gears.
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Figure 14-1.—Types of air compressors: A. Vertical., B. Horizontal.
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Pressure Classification

Compressors are classified as low pressure,
medium pressure, or high pressure. Low pres-
sure compressors are those which have a dis-
charge pressure of 150 psi or less. Medium
pressure compressors are those which have a
discharge pressure of 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
fig. 14-2) or a vertical W arrangement of cyl-
inders, Two-stage, V-type low pressure coim-
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x, E. Multistage.

pressors usually have one eylinder for the first
{low pressure) stage of compression, and one
cylinder for the second (high pressure) stage,
W-type compressors have two eylinders for the
first stape of compression, and one cylinder for
the second stage. This arrvangement is shown
in figure 14-3A.

Compressors may be classified according to
a number of other design features or operating
characteristics.

Medium pressure alr compressorsare 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 14-3.—Air compressor eylinder arrangements:
A, Low and medium pressure cylinders,
B. High pressure cyvlinders.

than one stage of compression on each piston.
(See [ig, 14-3A.)

Modern air compressors are generally
motor-driven (direct or geared), liquid cooled,
four-gtage, single-acting units with vertical or
horizontal eylinders. Cylinder arrangements for
high pressure air compressors installed on
Navy ships are illustrated in figure 14-3B.
Small capacity high pressure air systems may

have three-stage compressors. However, high
pressure air systems usually are equipped with
four- to six-stage compressors.

OPERATING CYCLE OF RECIPROCATING
AIR COMPRESSORS

Before proceeding with the components of
air compressors, it will be most helpful for you
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COMPRESSORS

to be familiar with the operating cycle of air
compressors. Since most of the compressors
used by the Navy have reciprocating elements,
the seetions which follow deal with the operating
cyele and component parts of reciprocating air
COMPressars.

Reciprocating air compressors are usually
gimilar in degign and operation. The following
discussion relafes to the operating cyele during
one stage of compression in a single-stage,
gingle-acting compressor,

The eyele of operation, or compression cyele
within an air compressor cylinder includes two
gtrokes 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 piston) expands
rapidly until the pressure falls below the pres-
sure on the oppogite side of the inlet valve, AL
this point, the difference in pressure causesthe
inlet walve to open; and air is admitted to the
eyvlinder, Air continues to flow into the cvlinder
until the piston reaches BOTTOM DEAD CEN-
TER (BDC).

The compression stroke starts as the piston
moves away from BDC; compression of the air
beging, When the pressure inthe eylinder equals
the pressure on the opposite side of the air in-
let walve, the inlet wvalve closes. Air is in-
creasingly compressed as the piston moves
toward TDC, until the pressure in the cylinder
becomes great enough to force the discharpe
valve open against the discharge line pressure
and the pressure of the valve springs. (The dis-
charpe valve opens a few degrees before the
pigton reaches TDC,) During the balance of the
comprassion stroke, the air which has been
compressed in the evlinder is discharged, at an
almost constant pressure, throuch the open
digcharee valve,

The basic operating cycle just described is
repeated a number of times in double-acting
compressors and in ofher stages of multistage
compressors, In a double-acting compressor,
each stroke of the piston iz a suction stroke in
relation to one end of the cylinder, and a com-
pression stroke in relation to the other end af
the cylinder. In a double-acting compressor,
therefore, two basic compression cyeles are
always in process when the compressor is op-
erating; but each cyele, considered separately,
is simply one suction stroke and one compres-
sion stroke.

In multistage compressors, the basic com-
pression eyele must cecur at least once for each
stape of compression, If the compressor is de-
gigned with two compressing elements for the
first {low pressure} stage, two compression
cycles will be in process inthe first stage at the
same time, I the compressor is designed so that
two stagpes of compression cccur at the same
time in one compressing element, the two basie
compression eveles {one for each stape) will
gocur at the same time. In each stage, air is
compressed to the designed working pressure of
that particular stage and is then discharged to
the stage having the next highest working pres-
sure, with the last stage discharping to the
receiver,

COMPONENT PARTS OF
RECIPROCATING AIR
COMPRESSORS

Reciprocating air compressors consist of a
gystem of connecting rods, erankshafts, and{ly-
wheels used to transmit the power developed by
the driving unit to the pistons; and also consist
of compressing elements, lubrication gvstems,
cooling systems, control systems, andunloading
svstems,

Compressing Element

The compressing element of a reciprocating
compressor consists of the air valves, the ovl-
inder, and the piston.

The VALVES of medern compressors (ex-
cept for some high pressure compressors aboard
submarines) are of the automatic type. The
opening and closing of these wvalves is caused
solely by the difference between (1) the pressure
of the air in the eylinder and (2) the pressure of
the external air on the intake valve orthe prés-
sure of the discharged air on the discharge
valve. On most compressors, a thin plate, low
lift type of valve is used (fig, 14-4,)

Various designsof CYLINDERS and PISTONS
are used, depending primarily apon the number
of stages of compression whichtake place within
a cylinder, The three most common cylinder
arrangements for low and medium pressure air
compressors are shown in figure 14-3A. Hish
pressure compressors with four -stage arrange-
ments and three-stage arrangements are shown
in figure 14-3B. The numbers 1 through 4 in
fipure 14-3 represent the stages of compression,
Five- and six-stage compressors have the same
hasic stage arrangements.
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The PISTONS may be of two types, trunk
pistons and differential pistons. TRUNK PISTONS
(fig. 14-5A) are driven directly by the connecting
rods. Since the upper end of a connecting rod is
fitted directly to the piston wrist pin, there is a
tendency for a piston to develop a side pressure
against the ecylinder walls. To distribute the
side pressure over a wide area of the eylinder
walls or liners, trunk pistons with long skirts
are used, This type of piston tends to eliminate
eylinder wall wear., DIFFERENTIAL PISTONS
(fig. 14=-5B) are modified trunk pistons having
two or more different diameters. These pistons
are fitted into special ecylinders which are
arranged so that more than one stage of com-
pression is served by one piston. The compres-
sion for one stage takes place over the piston
crown; compression for the other stage (8) takes
place in the annular space between the large and
small diameters of the piston.

Lubrication Bystem

Lubrication of air compressor cylinders is
generally accomplished by means of a mechani-
cal force-feed lubricator, whichisdrivenfroma

VALVE MUATE

reciprocating or a rotary part of the compres-
sor. Oil is fed from the lubricator, by a sep-
arate feed line, to each eylinder. 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 equipped
with a sight-feed glass. Lubrication begins auto-
matically as the compressor starts up, The
amount of ofl that must be fed to the eylinders
depends upon the eylinder diameter, the evlinder
wall temperature, and the viscosity of the oil.

On small low pressure and medium pressure
compressors, the cylinders are lubricated by
the splash method, from dippers on the ends of
the connecting rods, instead of by a mechanical
lubricator.

Lubrication of the running gear of a modern
compressor s accomplished by an oil pump,
which is attached tothe compressor and is driven
from the compressor shaft, This pump (usually
of the gear type) draws oil from the reservoir
{(fig. 14-86) in the compressor base and delivers
it, through a filter, to an oil cooler (fig. 14=7),
From the cooler, the oil is distributedtothe top
of each main bearing, to spray nozzles for re-
duction gears, and to outboard bearings. The
erankshafl is drilled so that oil fed to the main

47.154X

Figure 14-4,=Diagram of a thin plate air compressor valve,
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Fipure 14-5.—Air compressor pistons: A. Trunk type. B. Differential type.

bearings is picked up at the main bearing jour-
nils and earried to the erank pin journals, The
connecting rods contain passaces which conduct
lubricating oil from the crank pin bearings up
to the wrist pin bushings, As oil leaks out from
the wvarious bearings, it drips back to the
reservoir (in the base of the compressor) and
is recirculated. Oil from the outboard bearings
is carried back to the base by the drain lines,

The discharge pressure of lubricating oil
pumps varies with different pump designs, A
relief valve, fitted to each pump, functions when
the discharge pressure exceedsthe pressure for
which the valve is set, When the relief valve
[unctions, excess oll is returned to the reservoir.

Cooling Syslems

Most high pressure and medium pressure
compressors are cooled by sea water supplied
from the ship's fire, flushing, or water service
mains. The cooling water is generally available
to each unit through at least two sources. Com-
pressors located oulside the larger machinery
spaces are generally equipped with an attached
eirculating water pump as a standby source of
cooling water. Small low pressure compressors
for ship's service and diesel engine starting,
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and some small rapacity high pressure air com=
pressors, are air cooled by a fan mounted on,
or driven from, a compressor shaft,

The path of water in the COOLING WATER
BYSTEM of a typical four-stage comprassor is
illustrated in figure 14-7. Not all cooling water
gystems have identical paths of water flow, but
in all systems il is important that the coldest
waler be available for circulation through the
oll cooler, Valves are usually provided so that
the water to the oil cooler can be controlled in-
dependently of the rest of the system. Thus oil
temperature may be controlled without harmfully
affecting other parts of the compressor. Next in
importance are the inter coolers and after
coolers, then come the cylinder jackets and
heads. The high pressure air compressors re-
quire anywhere from 6 to 25 gallons of eooling
water per minute, while medium pressure air
compressors require from 10 to 20 gallons per
minute,

Since sea water is used as the cooling agent,
all parts of the circulating system musi be of
corrosion-resisting materials, The eylinders
and heads are therefore composed of gun metal
or valve bronze composition, with water jackets
cast integral with the cylinders. Each evlinder
is fitted with a liner of special cast iron or steel
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Figure 14-6.— Lube oil system of a multistaze turbine-driven high pressure air compressor.

to withstand the wear of the piston. The cylinder
jackels are [ilted with handholes and covers so
that the water spaces may be inspectod and
cleaned, Jumpers are generally used to make
water connections between the cylinders and
heads, since these prevent any possibility of
leakage into the compression spaces., In some
compressord, however, the water passes directly
through the joint between the cylinder and the
head. With this latter type, extreme care must
be taken to ensure that the joint is properly
gasketed to prevent leakage which, if allowed to
continue, would ruin both the cylinder liner
and the piston rings,

The INTER COOLERS and AFTER COOLERS
remove the heat generated during compression
and cause the condensation of any vapor that may
be present. This prevents unwanted accumula-
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tion at low points, water hammer, freezing or
bursting of pipes in exposed locations, faulty
operation of pneumatic tools, and possible dam-
age to electrical apparatus where air is used
for cleaning. The removal of heat is also re-
quired for cconomical compression. During
compression the temperature of the air is in-
creased, thus causing the air to expand to a
larger volume which, in turn, requires a cor-
responding incrcase of work to compress if.
Multistaging, therefore, with cooling of the air
between stages, reduces the power requirement
for a given capacity. The intercooling reduces
the maximum temperature in each eylinder and
thereby reduces the amount of heat which must
be removed by the water jacket at the cylinder.
Also, the resulting lower temperature in the
eylinder ensures good lubrication of the piston
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and the valves, Both the inter coolers and the
after coolers are of the same generalconstruc-
tion except that the after coclersare designedto
withstand a hirher working pressure than the
inter coolers,

WATER-COOLED INTER COOLERS maybe
of the straight tube and shell type or, if size
permits, may be of the coil type. In coolers with
air pressure below 250 psi, the air flows either
through the tubes or over and around them. In
coolers with air pressure above 250 psi, the air
flows through the tubes. Suitable baffles are
provided in fubular coolers to deflect the air or
water in its course through the cooler. In eoil
type coolers the air passes through the ecoll,
with the water flowing around the outzide. Suit-
able provision is made for the expansion of the
tube nest.

ATR-COOLED INTER COOLERS and AFTER
COCLERS may be of the radiator type or may
consist of a bank of finned copper tubes located
in the path of blast air supplied by the com-
pressor fan,

Each Inter cooler and after cooler is fitted
with RELIEF VALVES on boththe air and water
gides, Wafter reliel valves are generally setf at
5 psi in excess of the maximum working pres-
sure which may be applied to the system. The
air relief valves must be kept set in accordance
with direetions given in the particular manufac-
turer's technical manual, or in Bureau of Ships
Technical Manual,

All inter coolers and after coolers are also
fitted with MOISTURE SE PARATORS on the dis-
charge side, to remove the condensed moisture
and oil from the air stream. The separatorsare
of a variety of designs. The removal of liquid
iz accomplished by centrifugal force, impact,
or sudden changes in velocity of the air stream.
Drains are provided on each separator for
removing the water and oil,

(411 coolers are ol the coil type, tube and shell
type, or a variety of commercialtypes, External
ail coolers are generally used but some naval
compressors are fitted with a base type pil
cooler in which cooling water is circulated
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Figure 14-7.—Cooling water sysiem in a multistage air compressor.

419



ENGINEERING, OPERATION AND MAINTENANCE

through a coil plaged in the oil reservolr. As
with the inter coolers 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, On all
later model compressors the circulating water
aystem iz so arranged that the quantity of cool-
ing water passing throuch the oil cooler may be
regulated without disturbing the guantity of
water going tothe cylinder jackets, inter coolers,
or after coolers. Thermometers or other tem-
perature detecting devices are fitted to the
circulatine water inlet and outlet connections,
the intake and discharge of each stage of com-
presgsgion, the final air discharge, and to the
oil reservoir.

Control Systems

The control system of an air compressor
may include one or more of such devices as an
automatic temperature shutdown device, start-
stop control, constant speed control, and speed-
Pressure governor,

AUTOMATIC TEMPERATURE SHUTDOWN
DEVICES are fitted om all receni designs of
high pressure air compressors. Thus, if the
cooling water temperature rises gbhove a safe
limnit, the compressor will stop and will not re-
start automatically. Some compressors are
filted with a device that will shut down the com-
pressor if the temperature of the air leaving
ary Stage exceeds a preset value.

Control of regulating systems for naval ¢om-
pressors are mainly of the START-STOPTYPE,
in which the compressor starts and stops auto-
matically as the receiver pressure falls or
rises within predetermined limits. On electri-
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 ¢loses
when the pressure drops a predetermined
amount,

Cn steam-driven compressors the receiver
pressure is piped to a CONTROL VAIVE {also
known as a pilet, trigger, or auxiliary valve)
which, when the designed CUTOFF PRESSURE
is reached, admits air to a plunger connected
with the turbine governor wvalve. This causes
steam to be shut off and the compressor to stop.
When the pressure falls to a predetermined
level, the control valve closes, and the air aet-
ing wpon the plunger is released by leakage or
bleeding to the atmosphers. The steam is therehy

permitted to flow through the povernor valve
and restart the turbine.

On motor=driven units this iz done by the
use of two pressure switches with a three-way
valve or cock, so that receiver pressure is ad-
mitted to the pressure switeh which hag the
dezired range of settingg. Another control
method is to direet the air from the receiver
through a three-way wvalve to either of two
control valves set for the respective range of
presaures. To do this a single pipe is run from
the control valves to the pressure switch, which
is set to function at the desired pressure,

On turbine-driven units the arrangement is
similar to that on the motor-driven, except that
the combined line from the control valves is
piped to the plunger (trigger valve) acting on the
turbine governor valves,

The CONSTANT SPEED CONTROL is a
method of controlling the pressure in the air
receiver by conirolling the output of the com-
pressor without stopping or changing the speed
of the unit. This control is used on compres-
sors that have a fairly constant demand for
air, where frequent stopping and starting is
inadvisable.

Combined SPEED AND PRESSURE GOV-
ERNORS are usually furnished for reciproeating
gsteam-driven compressors, where neither the
start-stop nor the constant speed control is
very satisfactory.

Unloading Syvatems

Air compressor unloading systems are in-
stalled for the removal of all but the friction
loads on the compressors; that is, they auto-
matically remove the compression load from
the compressor while the unit is starting, and
automatically apply the load after the unit is up
to operating speed. For units having the start-
stop control, the unloading syvstem is separale
from the conirol system. For compressors
equipped with the constant gpeed control, how-
ever, the unloading and control systems are
integral parts of each other,

A detailed explanation cannot be given here
for every type of unloading device usedtounload
air compressor cylinders, but vou should know
something about several of the unloading methods
which wvou will probably encounter. These in-
clude ¢losing or throttling the compressor in-
take, holding intake walves off their seats,
relieving inter coolerz to the atmosphers,
relieving the final discharge to the atmosphere
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{or opening a bypass from the discharge to the
intake), opening up cylinder clearance pockets,
using miscellaneous constant speed unloading
devices, and the employment of various 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 deenergized,
admitting air from the receiver to theunloading
mechanism. When the compressor approxi-
mates normal speed, the solenoid valve is ener-
gized, releasing the pressure from the unloading
mechanism and loading the compressor again.

For detailed information on the various un-
loading devices, refer to the pertinent manufac-
turers’ technical manuals for compressors
inztalled on your ship.

COMPRESSED AIR 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 i3 in excess of compression
capacity, some of the stored air goes inlo the
system, If demand is less than the compressor
capacity, the excess is stored in the recelver or
aceumulator, Thus; in a compressed air system,
the receiver functions to retard increase and
decrease of pressure in the system and thereby
the length of start-stop-start ecyeles. The re-
ceivers may be horizontal or vertical. The
vertically mounted ones have convex hottoms to
permit proper draining of accumulated moisture,
oil, and foreign matter, All receivers include
guch fittings as Inlet and outlet conmections,
drain connections and valves, connections for
operating a line to compressor regulators,
pressure gages, relief valves (set at 10 percent
above normal working pressure of receiver),
and handhole or manhole plates (depending upon
the size of the receiver), The discharge line
between the compressors and the receiver isas
short and straight as possible to eliminate
vibration due to pulsations of the air and to
reduce pressure losses due to friction.

TYFICAL LOW PRESSURE
AIR COMPRESSORS

Having considered the various parts which
comprise an air compressor, follow the course

of air through a typical compressor. Figure 14-9,
as an example, illustrates various views of a
radial, single-aecting, three cylinder, two-stage,
motor-driven, low pressure air compressor
with a V-belt connected flywheel, air-cooled
eyvlinders, and air-cooled inter coolers and
after coolers,

The free atmospherie air isdrawn in through
the two AIR INLET FILTERS and then through
the inlet or SUCTION VALVESof the two FIRST-
STAGE CYLINDERS as the two FIRST-STAGE
PISTONS are on their downward or suction
stroke. As the first-stage pistons are sent on
their upward or compression stroke, by action
of the CRANKSHAFT, the air is compressed in
the two cylinderz and forced out of the DIS-
CHARGE WVALVES. The FINS on the outside of
the cylinders distribute the compression heat
over & larger area, and therefore facilitate the
removal of heat by the cooler air directed on
them by the FLYWHEEL FAN.

The discharged compressed air is directed
from the discharge valves on the first-stage
cylinders, through the first-stage discharge line,
to the air-cooled INTER COOLER. In the inter
cooler, the first-stage compressed air loses
most of its heat by passing through coils sur-
rounded by eooler air, From the inter cooler,
the compressed air is discharged, through the
SECOND-STAGE SUCTION LINE, into the suc-
tion valve of the SECOND-STAGE CYLINDER.

W i owon,
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47,158
Figure 14-8.—Magnetic type unloader,
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Figure 14-8,=A radial, single-acting, three cylinder, two-stage, motor-driven,
air-cooled, low pressure, air compressor,
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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 ANDOILTRAP,
to the AFTER COOLER, where the second-stage
compression heat is removed, From the after
cooler, the compressed air is discharged into
the AIR RECEIVER.

OPERATION OF AIR COMPRESSOR

Before attempling to operate any air com-
pressor for the first time, be sure that you are
THOROUGHLY familiar with the machine. Study
the accompanyving manufacturer’'s technical
manual. There are numeroug varieties of com-
pressors In naval use, so that it would be im-
possible in the limited space of this training
course to present the operating procedures for
each type of compressor. The following op-
erating procedure is of a general nature,

STARTING A COMPRESSOR

1. Inspect and clean the compressor ex-
terior, Tighten any loose nuts, including founda-
tion bolts, Remove any loose equipment that
may be lying around.

2, Check the oil reservoirs and (if neces-
sary) fill to the proper level with the correct
grade of oil, Prime the oil pump and lubricator.

3, 8Set the overspeed (ripping device (if
provided),

4. Jack the compressor over by hand. {Be
sure the power is off.)

5. Turn on cooling water to the cooling sys-
tem. Vent the system.

6. Open all air system stop valves.

7. Open all separator drains and remove all
accumulations of moisture or oil from the sep-
aratorg, These should remain open until the
compressor is running.

8. When the compressor is up to normal
gpeed, 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 with
the second stage. If fitted with additional stages,
continue progressively through these stages,

OPERATING A COMPRESSOR

1. After the compressor has been in opera-
tion a few minutes, recheck the oil level in the

reservoirs; if it has fallen appreciably, add
sufficient 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 of the outlet water must not be allowed
to exceed 125°F,

4, Drain the inter cooler and the after cooler
separators [requently and regularly.

5. Check the operation of all relief valves
regularly—use the hand levers, when provided.

6. Read the pressure gages and thérmome-
ters regularly while the compressor is in
operation,

Securing is usually the reverse of the
starting procedure,

CARE AND MAINTENANCE OF
AIR COMPRESSORS

The over-all problem in maintaining com-
pressed air systems is to take the necessary
steps to prevent a reduction in compressor
capacity, Some of the common troubles which
reduce compressor capacily, and the causes
of these troubles, are as follows:

Troubles

Causes

Owverheating of
air eylinders

Insufficient cooling water,

Cooling fins dirty.

Leaky air valves.

Air Leaks Worn piston rings,

Leaky air valves.

Leaky flanges, fittings, (in
coolers) tubes and tube
sheets,

Reduction in
capacity

Leaky valves.

Leaks in svatem,
Worn piston rings.
Insufficient speed.
Clogzed intake fillers.

To keep a ship’s air compressor operating
efficiently at all times and to prevent as many
troubles as possible, it isnecessary to know how
to care for air intakes and filters; how to main=
tain and replace air valves; how to take care of
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air eylinders, pistons, and wrist pins, how to
adjust bearings and couplings; and how to
properly maintain the ubrication, cooling, con-
trol, and air systems,

AIR INTAEES AND
INTAKE FILTERS

A supply of elean, cool, dry air is assantial
to the satisfactory operation of compressors,
To ensure this, the AIR INTAKE FILTERS
must be regularly inspected and cleaned; other-
wise, the filter becomes clogged and causes
loss of capacity, Clogged air intake screens or
filters may also cause compressors o draw
oll from own erankease around rings, or
through oil seals, resulting in explosion or
““dieselization.’’

To clean, remove the filter element and
subject it to a jet of hot water or steam, or
plunge it inlo a strong solution of sal soda. The
filter body should be drained and replaced. I
the filter is the oil-wetted type, dip it in clean,
medium grade oil and allow it to drain thoroughly
before replacing the filter in the intake, Do not
use gasoline or kerosene for cleaning [llters;
fumes may collect and explode in the compres-
sor or receiver.

Care must also be taken to prevent entrance
of rain or spray into INTAKE PIPES, and means
ghould be provided for draining the intake pipe
of any water which may collect, The lines should
be as short and direct as possible,

Care must be taken to prevent intake of
exhaust gases from internal combustion engines
located near compressors used to supply air
for divers. Intake of explosive fumes should
alao be prevented from nearby fuel tank vents,
gpilled oil, andgasoline adjacent tocompressors
used to supply air for divers,

AIR VALVES

Alr inlet and discharge valves must be kept
clean and in good working order. Leaky valves
are generally dirty valves, and cause capacity
loss, The valves are removed by first loosening
their setscrews or clamps, and then removing
thelr cover plates, Each valve and valve un-
lpader, if fitted, may then be lifted oul, Each
valve should be marked, to make certain that it
is returned to the same port from which it was
removed.

Valves removed for inspection should not be
taken apart for cleaning unless their condition

makes it necesgsary. Dirt or carbon in valve
ports can usually be removed without taking the
valve apart. This I8 done by soaking the valves
in kerosene, and then giving them a stiff brushing
or a light scraping. Valve action should be
tested by inserting a screwdriver through the
seat ports; the valve should lift and close freely.

If it becomes necessary to disassemble the
valve, note the arrangement of the various parts
g0 that the proper relationship will be kept
when the valve is reassembled. (Periodic ship-
board reports indicate damage to pistons and as-
sociated valve parts resulting from improperly
assembled valves that protrude in the wayofthe
oneoming piston,)

Before replacing air valves in a cylinder,
inspect the zaskets and replace any which are
damaged. Copper-covered asbestos or plain,
thin copper gaskets should be used, If these are
not available, 1/16-inch compressed-ashestos
sheet gaskets may be used lemporarily, Each
valve assembly should be ingerted in the same
hole from which it was removed. Since it may
be difficult, in many cases, to distinguish be-
iween suction or discharge valves, exireme
care must be taken when the valves are being
ingerted in the cylinder. Make certain {hat
suction valves open TOWARD, andthe discharge
valves AWAY FROM, the cenler of the cylinder;
otherwise serious damage or loss of capacily
will result, Then place the valve cover on the
cylinder, making certain that its gasket is
squarely in place; draw down on cover nuts
evenly, and in turn, so as not to tilt the cover,
Tighten down the wvalve setscrew or clamping
bolt, drawing it tight to hold the walve on its
geat, If speeial locknuts are not providedto seal
against leakage al the threads of the valve set-
soerew, a turn of solder or fuse wire should be
placed around the screw and sel down into a
recess by the locking nut.

CYLINDERS AND PISTONS

The cylinders and pistons should be inspected
only AFTER the manufaeturer’s technical man-
ual has been consulted. Care should be taken
when removing heads, particularly where metal-
to=metal joinls are involved, to prevent damage
to the joint. Where joints are fitted with a gas-
ket, the gaskets can occasionally Le saved by
running a knife blade in belween the gasket and
head, after the head has been lifted not over 1/4
ineh.
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I REPLACEMENT OF PISTON RINGS isre-
quired because they are worn or broken, accurate
measurements of the cylinder liners should be
taken. Standard size rings may be used inover-
size cylinders if the oversize does nol exceed
0.003 inch per inch of cylinder diameter. The
LINER may also need to be replaced if it is
badly worn or oult of round, When replacing
piston rings, first fit them to the cylinder to
cheek for proper end elearance. File the ends,
if necessary, to make them fit. The side clear-
ance of the rings should be such that the rings
will fall easily into the piston grooves, which
should be deep enough for the ring thickness,
Ring splits should be staggered. After assembly
of the piston, wire the rings tight with a soft
copper wire, so that they will enter the bore
easily, This wire can be removed through the
valve ports after the ring has started into the
eylinder bore,

When REASSEMBLING the air cylinders and
heads, be sure they are all drawn down evenly,
especially on multistage compregsors where
the heads contain cylinders for third and fourth
stapes, Otherwise, excess wear onthe cylinders
and piztons will resulf,

When a compressor piston hasbeen replaced,
the PISTON END CLEARANCE must be checked.
This iz done by inserting a lead wire through a
valve port or indicator connection. Jack the
compressor over., When the piston has moved
to the end of its stroke, the lead will be {lattencd
to the exact amount of eclearance. The wire
should be long enough to permit a reading near
the center of the piston. These readings should
algo he taken after any adjustment or replace-
ment of these bearings: main, erank pin, wrist
pin, or crosshead. Methods of adjusting the
clearances vary in accordance with compressor
desipr; consult the manufacturer’s instruetions
for this adjustment.

MISCELLANEDUS ADJUSTMENTS

Other miscellaneous adjustments required
from fime to time on compressors inelude those
pertaining to wrist pins, crosshead shoes, re-
duction gears, couplings, and V-belt drives, The
manufacturer’s technical manual will give you
gpecific information for the care, adjustment,
and replacement of all fitted bearings, Refer to
the manufacturer’s instructions for defailedand
specific information regarding when and how to
make these adjustments.
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WRIST PIN BUSHINGS are REPLACED
WHEN NECESSARY. This is done when they ave
worn to the point of becoming noisy. In making
a replacemeni, be sure the oil hole in the
bughing is properly lined up with the oil hole
in the connecting rod, After being pressed into
the rod, the new bushing must be reamed.

CROSSHEAD SHOES are provided with shim
or wedge adjustment, Wear should be slight,
but adjustment should be made when the travel
of the piston rod causes a movement in the
stuffing boxes.

Allgnments of REDUCTION GEARS AND
BINIONS should be checked periodically, es-
pecially on a new compressor. Misalisnment
may be caused later by setlling, straining, or
apringing of foundations; pipe strains on turhine-
driven compressors; béearing wear; or springing
due to heat from a turbine.

FLEXIBLE COUPLINGS require very little
maintenance when properly  lined up. Some
types require ocecasional lubrication to prevent
excessive wear of springs or bushings. A noisy
coupling is an indication thal the bushing is worn
aned requires replacement,

V-BELT DRIVES require adjustment for
belt tension, Belts generally stretch slightly
during the first few months of use, A loose belt
will slip on the motor pulley and cause undue
heating and wear on the belt, A tight belt will
overload the bearings. Belts should be protected
against oil, and should not he used al tempera-
tures above 1307 F, to prevent rapid deteriora-
tion. V-belts are usually installed in sets of two
or three, I a single belt is worn or deterior-
ated, then the complete set should be replaced
to ensure that each belt will carry its share of
the load.

LUBRICATION SYSTEM

Proper eares of a compressor lubrication
system includes the following procedures;

1. HKeeping the oil at a normal level in the
regservoir at all times, to maintain proper oil
temperalure.

2. Changing crankease oil perindically, and
at the same time cleaning andflushing the crank-
case and cleaning the oil filler.

3. Maintaining proper lube oil pressure, by
keeping the oil pump i good working order and
adjusting the bypass relief valve,

4. Keaping the oil cooler free from leaks
{since pressure on water side exceeds that of
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the oil), to prevent oil contamination and emul-
sification,

§. Properly adjusting the lubricator for the
specified quantity of oil {feed.

COOLING BYSTEM

Proper care of a compressor cooling system
includes the following inspections and main-
tenance procedures;

1. Periodically inspecting the inter coolers
and after coolers,

2, Removing collections of gummy oils or
tarry substances from the eooler tubes by wash-
ing tube nests with a suitable solvent. See thal
they are thoroughly dry before reassembling.

3. Correcting any leakage in tube nests, to
prevent leaks of water into the compressor while
secured, or leaks of air into water side during
operation.

4, Inspecting and cleaning eylinder water
jackets periodically with a cleaning nozzle.

When FILLING THE COOLING WATER 5YS-
TEM after the compressor has been drained,
open the water inlet valve slightly to allow the
water to rise slowly in the cooler shells and
water jackets. Vent valves fitted to the water
spaces should be opened to permit entrapped
air to escape, and to remove any air pockels.

CONTROL DEVICES

Because of the great variety of REGULATING
AND UNLOADING DEVICES employed on com-
pressors, you will have to consult the manufac-
turer's technical manual for information regard-
ing the adjustment of these devices on particular
COmpressors,

If @« CONTROL VALVE fails towork properly,
it should be takenm apart and cleaned. BSome
valves are fitted with afilter filledwitha sponge
or woolen yarn to préevent particles of dust or
grit from being earried into the valve chamber,
and to remove gummy deposits from oil used in
compressor cylinders, When repacking, use
only genuine wool., Cotton will pack and stop the
air flow., RELIEF VALVES, very important for
sale compressor operation, should be seét as
specified by the manufacturer, tesi-lifted by
hand each time the compressor is placed in
operation, and periodically tested by raising the
pressure in the spaces to which they are at-
tached (to check the setting).
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AIR SYSTEM EQUIPMENT

The air flasks and separators of surface
ships must be given a surface inspection every
three months, These inspections are made to
determine if there iz any external corrvosion or
damape to {lasks or piping. High pressure 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 during operation of the compressor.
Filter elements must be changed in accordance
with existing instructions.

The drainage of air system equipment must
be sufficiently frequent to prevent excessive
accumulations of moisture and oil, SBuch aceumu-
lations not only cause internal corrosion and
fouling of moving parts, butalsocreate a serious
hazard in that excessive oil accumulation may
cause an explosion.

In addition to shiphoard inspection and main-
tenance of high-pressure air flasks and separa-
tors, there must be an ingpection, cleaning, test-
ing, and repainting performed al prescribed
intervals by a repair activity. For surface ships
the initial and subsequent intervals should not
exceed six wyears. Inspection intervals for
separator flasks should be approximately every
three yvears, However, if there is reasonto be-
lieve that serious corrosion is taking place in
cither the exteriors or interiors of air flasks,
inspection should be made before the elapse of
the normal interwval.

The periodic examinations should include not
only a ecomplete examination of the interior and
exterior surfaces of flasks and separators, but
a thorough cleaning, ultrasonie inspection, and
the performance of hydrostatic tests, Flasks
which pass the hydrostatic test are given the
presceribed internal protective coating, and the
exterior surfaces are painted If necessary. De-
tailed information on the inspections and main-
tenance performed by naval shipyards can be
found in the Bureau of Ships Technical Manual,

INSPECTION AND TESTS

Minimum requirements for the performance
of inspections and tests on compressed air
plants are shown in fizure 14-10.

It is the responsibility of the engineer offi-
cer todetermine if the condition of the equipment,
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hours of service, or operating conditions ne-
cessitate more fregquent inspections and tesis,
Details for outline tests and inspections may be

obtained from the appropriate manufacturer's
technical manual or from ithe Bureau of Ships
Technical Manual.

Time Agtion Time Action
When starting com-  Inspect all intake and sive, overhaul is nec-
pressor for first compressor control ESS8ary.
time, or starting one lines for abstructions Make general inspec-
which hasz been idle and foreign matter. tion of all compres-
for some time, Inspect interior and sor parts:; pull pis-
exterior of compres- tons and remove
) B0T. connecting rods only
Before starting any  Jack over geveral if eylinder conci‘}t?ons
COmMpressor. times by hand. 3nd. other cmndl:tmn:-:»
indicate necessity.
After starting com- Test relief valves by !
pressor, Tana 7 Test operation and set-
Test operation of au- ting of Slfﬁedhmjting
tomatin doitrale; and emex gency aver-
- apeed  tripping  de-
At frequent intervals Test for exceszsg lube vices, il installed,
during compressor oil by opening com- Annually .......... Test all parts of the
aperation. pPressor separator air system under full

and receiver drains.

Check instruments lor
signs of improper op-
eration.

ROUTINE TESTS (Record resulis in Enginesr-
ing Log.)

Erakilars. Lkl ilidg v oo Jack over all compres-
sors by hand,

Weeldy irlnsistn « . Bun ecompressora by
power.

117 Fo] T Inspect all air inlet and
discharge valves.

Carterly. . ... ... . - Measure starting and

operating power of
motor-driven com-
pressors; If exces-

pPresgure,
During Nawval Shipyard
Overhaul Period , ... Disassemble and in-
spect compressor.
Test all relief valves
by prossure.
Inspect inferior of air
receivers.
At Prescribed
Interwvals Test hydrostatically,
at 1 1/2times the de-
signed working pres-
gure, all low and me-
dium pressure air
accumulators or re-
ceivers.

aF F 4 B B ® a4 o

At Dseretion of
Engineer Officer . ... Test capacity of com-

nressors.

86.33.0

Figure 14-10.—Tests and inspections for compressed air plants.
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BAFETY PRECAUTIONS

Peak operating performance from a com-
pressed air plant requires that steps be takento
prevent or minimize the occurrence of cas-
ualties which may reduce plant capacity or result
in serious damage. Explosions are a potential
hazard, especially in high-pressure systems,
and personnel should take every possible pre-
caution to prevent them. To helpprevent explo-
sions and to maintain a compressed air plant in
satisfactory operating condition, the following
safety precautions should be observed:

1. Minimize the possibility of explosions in
an air compressor, discharge line, or receiver by
taking appropriate steps to prevent or eliminate:

a. Dust-laden intake air.

b. Presence of oil vapor in compressor
or receiver.

¢. Leaking or dirty valves which result
in abnormally high temperatures,

2. Bee that the compressor intake receives
only cool, clean, dry air.

3. Use only prescribed agents for cleaning
compregsor intake filters, cylinders, or air
passages. DO NOT use benzene, kerosene, or
other light olls that vaporize easily and that,
under compression, form a highly explosive
mixture with air,

4, Use only the minimum amount and the
proper grade of oll for eylinder lubrication,

5. Secure compressor immediately if there
ig an abnormal rise in the temperatare of air
discharged from any stage,

6. Make sure that a relief valve 15 installed
between a compressor and a stop valve or check
valve, if either of the latter valves is inslalled
between a compressor andreceiver. Otherwise,
if the compressor is started against a closed
valve or a deranged check valve, the air cannot
escape and a ruptured line will result,

7. Never leave a compression station after
starting a compressor—especially one that 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 of a compres-
sor if the system is under pressure. Serlous
accidents can be avoided if the following pre-
cautions are taken before servicing or removing
any part of a compressor:

4., Leave pressure gages open.

b. See that the compressor is actually
secured and cannot be started automatically or
accidentally.

c. See that the compressor is completely
blown down,

d. See that all valves, including the con-
trol or unloading valves, between the compressor
and receiver are closed.

8, Prevent damage [rom excessive tempera-
tures by operating a compressor at recom-
mended sgpeeds and maintaining proper cooling
water circulation,

10. Drain the circulating water system of a
compressor if it is to remain idle for any length
of time, or if it is to be exposed to freezing
temperature,
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CHAPTER 15

ADDITIONAL AUXILIARY EQUIPMENT

This chapter provides general information
on the operation and maintenance of steering and
hoisting mechanisms and the care of hydraulic
systems.

ELECTROHYDRAULIC SPEED GEAR

Some units of the auwxiliary machinery such
as the anchor windlasses, are reqguiredto operate
at variable speeds over a considerable range.
In addition, there must be close controlof speed
between maximum and minimum limits. A
common requirement of seme auxiliary machin-
ery units iz high starting torque and ability to
accelerate to maximum speed guickly. To meet
these requirements in most Navy ships, the
electrohydraulic drive has been adopted. Be-
cause some electromechanical and steam-driven
auxiliary machinery units are still being used,
we will discuss these units in the section deal-
ing with steering gears and their controls.

In an electrohydraulic drive, rotary motionis
transmitied by a combination of an electrically
driven hydraulic pump {A-end) and a hydraulic
maotor (B-end). See figure 15-1. TFor a discus-
sion of the ogperation of this pump (axial piston
variahle-stroke pump) refer back to chapter 8
af this publication. Althourhh radial piston
variable-stroke pumps may also be utilized, the
axial piston pumpwillbeused asthe 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.

Moving the tilting box one way or the other
will control the direction 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 ring in the A-endis
always in motion, but with the tilt box ina

neutral or vertical pesition no oil is pumped
to the B-end, Any movement of the tilt box, re-
gardless of how slight, causes pumping actionto
start, and therefore causes immediate action in
the B-end,

When reciprocating motion is required, such
as in a steering gear, the B-end is replaced by
a piston or ram. The force of the hydraulic
fluid causes movement of the piston or ram.
The tilt box in the A-endcanbe controlled either
locally (anchor windlass) or by remole conirol
{steering gear),

USES OF ELECTROHYDRAULIC SPEED
GEAR

Electrohydraulic drives are used for driving
or controlling steering  sears, windlasses
winches, capstans, airplane cranes, ammunition
hoists, airplane elevators, and distant control
valves. This chapter contains information on
electrohydraulic drives and some machinery
with which they are used.

ADVANTAGES OF ELECTROHYDRAULIC
MACHINERY

The electrohydraulic type of drive efficiently
meets the operating requirements of certain
naval machinery. Some of the major advantages
of electrohydraulic machinery are that it:

1. Incorporates tubing which requires very
little =space and readily transmits fluids around
COrners.

2. Allows {lexibility in location of compo-
nents,

3, Operates at variable speeds, when re-
quired.

4, Permits close control of speeds from
minimum to maximum limits.

3. Permits rapid shifting from no load to
fll load rapidly without damage to machinery.
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GAGE GLASS

AIR ESCAPE
COCKS

RELIEF VALVE
I WAY COCK

DECK CONTROL

EXPANSION FOR TILTING BOX
TaNK OR FLOATING RING
PRESSURE
GAGE
HAND WHEEL FOR
INCICATOR LOGAL CONTROL

INDENT AND SPRING
LOADED PawL

REDUGTION
GEARS
MOTOR
A—END
L= MaGNETIC
% BRAKE
a—END

VARABLE

STROKE PUMPS COUFLING

47. 138X

Figure 15-1.—An eleclrohydraulic power transmission system.

8. Accelerates quickly.
7. Has a high rate of efficiency.
B. Has favorable power to weight ratio.

STEERING GEARS AND THEIR CONTROLS

The three types of steering gear used on
naval ships are: electrohydraulic, electro-
mechanical, and steam-driven.

ELECTROHYDRAULIC STEERING GEAR

Most steering gear installations on nawval
ships are of the electrohydraulic type and use
only the A-end of the previously described
electrohydraulic speed gear. The development
of this type was prompted primarily by the
larpe momentary eleetrical power requirements
for electromechanical steering gears—partic-
ularly for ships of large displacement and high
speed. Also the elimination of d-¢ power from
ghips made switching and speed conirol of
electric motors more difficult. Advantages of
the electrohydraulic steering gear are:

1. Little friction and inertia of moving
parts, such as in heavy differential serew and
gears.

2. Low power consumplion peaks.

3. Sensitive response, with little lag, to
movements of the steering wheel.

4. Small deck space and headroom required.

5. Savings in weight.

6. Flexibility in the arrangement of hydrau-
lic cylinders, pumps, and control mechanisms,

7. Dependability.

Types of Steering Gears

There are various types of electrohydraulic
steering gear layouts in use, but their operating
principles are about the same. Some shipshave
double hydraulic rams and cylinders mounted
fore and aft; others have double-cylinder single
rams mounted athwartship. Some systems use
axial piston variable-stroke pumps; others use
radial piston pumps.

Information on electrohydraulic steering
gear components can be obtained from manu-
facturers’ technieal manuals.

How The Steering Gear Operates

Figure 15-2 shows a simple diagrammauatie
arrangement of a double-ram type electrohy-
draulic steering gear. The RUDDER YOEE
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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 the elosed svstem is maintained
by one of the two electric motor driven, rotary,
positive displacement, VARIABLE-STROKE
PUMPS. The rate of fluid delivery is regulated
by the angle of the TILTING BOX in the hydrau-
liec pump, which is in turn controlled either
electrically or hydraulically from the steering
wheel on deck, The CONTROL SHAFT and
gearing are indicated in figure 15-2,

Note that the forward port and after starboard
cylinders are interconnected (through piping),
and that the same is true of the forward star-
board and the after port eylinders. A double-
acting RELIEF VALVE serves to bypass the
fluid from the supply (or the discharge) to the
return (or the suction) line, thus relieving the
piping from excessive strain—should an un-
usual resistance (o the rudder (caused by wave
action or by jamming) result in abnormal oil
pressures, The motor runs at constant speed,

YOKE

RUDDER

Starting with a neutral position of the tilting
box and no flow of oil, suppose the STEERING
WHEEL is turned to starboard. Turning the
wheel on the bridge causes an electric signal
to be transmitted to the synchronousreceiverin
the steering pear room. The SYNCHRONOUS
RECEIVER will then turn correspondingly
(counterclockwise in fig. 15-2, as viewed from
the left). Shaft A is turned clockwise, carrying
gear B with it. The gears C, meshing with
gear Bandinternal gear teeth on E, turn counter-
clockwise. Then E turns counterclockwise and
turns the CONTROL SHAFT, which operates
the TILTING BOXES on the PUMPS. A guantity
of oil now flows to the forward port and after
gtarboard cylinders, the rams move as indicated
in figure 15-2, and an equal portion of oil is re-
turned to the pump from the opposite cylinders.
The rudder is thereby caused to move to the
right,

When the steering wheel and synchronous
receiver stop moving, the starboard ram, in
moving forward, operates the RACK AND

SIX WAY PUMP

TILTING
‘EILASFER COCK BOXES

RUHNING ——af
PUMP

PINION

—IYy

RUNNING
E MOTOR
COMTROL SHAFT =™

ELECTRIC LEADS
FROM STEERING STAMD

R

SELF SYNCHRONOQUS
RECEIVER

F

2 AETORN
PLANETARY
DIFFERENTIAL GEAR

47, 139X

Figure 15-2.—Simple diagrammatic arranzement of a double-ram electrohvdraulic steering gear.
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PINION and turns gear D clockwise, Gear B
and shaft A are held by the now motionless
synchronous receiver, and gears C and casing
E turn clockwise, thus returning the tilting boxes
to the neutral position and stopping the flow of
oil, The PLANETARY DIFFERENTIAL GEAR,
thercby, operates as a followup mechanism. I
the steering wheel ig turned to port, the actions
described are the opposite in direction.

In some installations, two sets of synehronous
receivers and two sets of electric motors and
pumps, are provided for reliability and flexibil-
ity. (Destroyers and smaller ships normally
have only one receiver in the 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 of electrohydraulic
steering pear, illustrated in figure 156-3, op-
erates on the same principle asdoesthe double-

ram type. The only difference is that there is
but one ram, with port and starboard ecylinders.
As the port plunger is forced to move by the
pressure of oil against it, the starboard plunger
moves correspondingly and forces the same
amount of oil out of the starboard cylinder.

STEAM-DRIVEN STEERING GEAR

There are many typesof steam- driven steer-
ing gears, but all of them operate on the same
general principle. You should understand this
general principle, as well as what inspections
should be made, and how to maintain the mech-
anism in good working order.

Principles of Operation

Figure 15-4 illustrates a right- and left-
serew steering gear. Turning effort is through

STEERING WHEEL
AUTOMATIC B7-0A5S O AFTER DECK HOUSE —= o
I ELECTRIC CONTROL)
SYSTEM
TRAMSMITTER UMIT TRANSMITTER UMIT
FORT
FORT
CYLINDER PORT OR STAD, CABLE
TRAMSFER SWITEM
CRAME FOR HAMD CPERATION i
GF FORT PUMP
| PORT
RUHMING PUMP f AFTER pEE A
s 5
COK lﬂ.ﬂmﬂﬂ
/ 2 . OFF PORT
3 EEL 2 b RUMMING ELEC MOTOR STARBOARD
AFT e . o> 2R CABLE
3 !’ AORM WHEEL
CROSSHEAD RECEIVING UNIT TRANSEER SWITCH TRANSMITS
CURRENT THROUGH EITHER
CABLE OR EITHER TRANSMITTER
F‘U:Jﬂ'ﬂfﬂ reLaw up || BIFEEREN. 1__] T RECEIVER A% SELECTED
SHAFT TIAL GEAF Ty TRICK WHEEL FOR
i TRAIN HAND COMTROL
: UNIVERSAL JOINT e
L5] o8 IDLE PUME WOoORM WDRM
CrLINDER IDLE ELECTRIC
e WHEEL
STARBOARD
[ suerLy
SPIRAL GEARS
B ReTuRk o
AUTOMATIC BY-PASS VALVE
27. 83X

Figure 15-3.—Diagrammatic arrangement of a
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a gear irain comprised of a spur gear on the
power input shaft, which drives the right-
threaded and left-threaded screw shaft. The
drive nuts on the screw shaft move forward and
aft as the shaft turns and the links transmil
the movement to the rudder yvoke which iskeyed
to the stock of 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
erankshaft. The cranks are placed at right
angles when two cylinders are used, to provide
for a conlinuous even torgue, and to keep the
enging from ever being at a dead center posi-
tion. To reduce the heighi of the installation,
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 aban-
doned because of wulnerability of the steam
piping, lost heat, poor economy, excessive space
and height, and lack of flexibility.

Inspection and Care of Steam-Driven
Steering Gear

All bearings in the steering engine must be
well lubricated. PBearings that are difficull to
reach or those located in hot places should be
given special attention,

BHIID?EI!.TIHEIEEI

DRIVING NUT

Emery, emery cloth, or any other gritty
substance should never be used for cleaning
the bright surface of the steering engine or ils
azsociated gear. The spaces adjacent to gears
must be kept clean, and not used as storage
places for clothing or other articles. Such
material might become entangled withthe trans-
mission gears,

When the ship is notunderway, andthe steer-
ing gear is not in use, the steering engine should
be turned over at least twice aweekto preserve
the pistons, valve stems, and other working
partz. During (reezing weather, steering engines
not in use should be drained of water, and the
drain valves left open so that condensate of any
leaking exhaust steam may drain, Be sure the
drain holes are kept clear; otherwise, the eyl-
inders or jackets mavw freeze.

EILECTROMECHANICAL STEERING GEAR

Electric motors were first introduced as
prime movers of steering gears on combat
ships to serve in cases of failure of the steam
steering engines, Later on, however, they
were used as the primary source of power,
with steam as a reserve. This type of steering
equipment may be found on naval auxiliary
ships which have been converted {rom maritime
type ships,

TRANSWISSION SHAFT
FROM STEERING ENGINE

47. 140X

Figure 15-4.—Right-and-left serew steering gear.
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HFADRANT

BRAKE BAND

RUDEER 5TOCK

TOGGLE & LEVER o
. HOHM GEAR
(W Gl -TIGMT CASE)

HAHDWHEEL

Figure 153-5.—Worm gear and

Principles of Operation

The principles of operation are practically
the same in all electromechanical steering
gears, Any differences that exist are mainly
in the manner in which the deiving motor is con-
nected to the rudder stock, and the method by
which the motor is controlled. The electric
motor drives a right-and-left serew (fig, 15-4),
or worm gears and quadrant (fig. 13-5), as with
the steam-driven gears. Control may be either
followup or non-followup., In the non-followup
type the motor is controlled by a master con-
troller at the steering station. The followup
type of control usually uses a roller and ring
type contact in the steering engine stand, The
rollers are geared to the helm and rotating the
wheel brings a roller in contact with a contact

FARIOH

g ETICAL SHATY | STEAM EHGIHE

 CRAHKSHAET S
: : e [ CRANK
| LUGS TO WHICH } ST
TACKLE 15 ATTACHED

AUFPLR SR RINGS

47. 141X
gquadrant type steering gear.

ring. The ring is connected to the motor
control panel and when the circuit is closed, the
motor turns in the proper direction. When
the ring has rotated to the reguired position,
the electrical circuit is broken and the motor
stops, Most wire rope and chain drive steer-
ing pears use a followup conlrol system.

Maintenance of Electromechanical
Btearing Gear

The following instructions are for the care
and inspection of electromechanical steering
gear. The Irequency 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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1. Gears and bearings should be lubricated
in accordance with the manufacturer’stechnical
manual,

2. Fine sandpaper should be usedtoclean the
inner and outer surfaces of contact rings.

3. The air gaps betweenring sections should
be cleaned by passing a piece of paper through
the gaps.

4, Ensure that brushes slide [reely in their
holders and bear squarely on their surfaces.

5. Cheek contact rollers for freedom of
movement,

CONTROL OF STEERING GEARS

Conlrol of the steering gear from the steering
wheel on the bridge may be accomplished by
any of the following remole eontrol systems,
although most modern naval ships use the first
one

1, ELECTRICALLY, by means of an al-
ternating current smchronous transmission
svstem,

2, HYDRAULICALLY, by means of a hy-
draulic telemotor system.

3. ELECTRICALLY, by means of a direct-
current pilolt motor and its controller,

4, MECHANICALLY, by means of shaflting
or a wire rope from the steering station.

Allernating-Current Synchronous
Transmission

The alternating-current synchronous trans-
mission type of remote control consists of re-
ceiving and transmitting units which are similar
to small motors; these are connected lo the
same alternating-current supply. When the
iransmitter rotor is turnad, the receiver motor
turns at the same speed and in the same direc-
tion.

The transmitters are located in Steering
stands at remote econtrol stations and are
mechanically connected through pearing to the
steering wheels, A transmitter at one of the
remote stalions is electrically conneeted to a
receiver in the steering room. The receiver
is connected to the control shaft of the variable
displacement hydraulic pumpthrough a differen-
tial. Where more than one remote steering
station is provided, a switch is provided [or
selecting the desired control station. Indicat-
ing lights are provided on the steering stands
and at the selector switch to indicate the se-
lected circuit and that power is available,
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Hydraulic Telemotor Control

The hydraulic telemotor type of remote
control (fizg. 15-6) iz found on many Navy
auxiliary ships equipped with electrohydraulie
steering engines. The system (A and C of
fig. 15=6) consists of a steering console (hy-
draulic transmitter) in the pilol house; a hy-
draulic receiver in the steering gear compart-
ment, and connecting hydraulic tubing., In
addition, there is an electric cable which con-
nects the helm angle transmitter on the re-
ceiver housing with the helm angle indicalor
on the steering console.

A hydraulic transmitter is located inside
the steering console and under the steering
wheel, The hydraulic transmitter components
congist of a pump, hydraulic tubing, two relief
valves, two check valves, a replenishing tank,
and a bypass valve. The remotely located re-
ceiver I8 a hydraulic plunger-type unit with
two cylinders—one on each end of the receiver
housing—in axial alignment. A double-acting
plunger operates in the cylinders. On the
middle portion of this plunger a crosshead
is connected for mechanical linkage to the
steering gear control mechanism,

The direction of the hydraulic fluid move-
ment depends upon the direction of rotation of
the steering wheel. Rotation of the steering
wheel actuates bevel and spur gears which in
turn operate a reversible, hydraulic, axial
piston type pump. The operating principles
of this pump are similar to those of the axial
piston variable-stroke pump,

In the reversible axial piston pump, 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 barrel are
rotated by means of the steering wheel, the
pistons draw fluid in from one hydraulic {luid
line and discharge it to the other hydraulic
fluid line, Reversing the rotation of the steer-
ing wheel reverses the direction of fluid flow
through the pump. The pump has external
check wvalves and piping for replenishing the
hydraulic system from the tank. Relief valves
and a bypass valve (B, fig. 15-6) are also
included, as well as venis for purging the
system.

When the hydraulic pump shafll is rotated in
one direction, the fluid output is discharged
from one side of the pump to one of the re-
ceiver cylinders. In the other evlinder, hy-
drauliec fluid is displaced to the hydraulic
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TFigure 15-6,—Hydraulic telemotor control,

pump. Thus the hydraulic fluid under pres- show the flow of hydraulic fluid for right
sure moves the receiver plungers and produces rudder.

a linear movement of the crosshead. This Alr coeks and filling or charging connec-
motion is, in turn, fransmitted to the connected  tions are provided on the receiver cylinders
steering gear control mechanism. Travel of the for venting, filling, or purging the hydraulic
crosshead and plungers is limited by adjust-  system,

able stops on the regeiver housing, In fipure FILLING THE TELEMOTOR SYSTEM [romn
15-6C, the solid arrows show direetion of the charging tank is done by opening the air
action for right rudder while the broken arrows cocks at the forward felemotor and starting
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Fipure 15-6.—Hydraulie telemotor control—Continued.
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the charging pump. After the oil has appeared
at the air cocks, the pumping is continued
until the oil is free of bubbles. The air cocks
are then closed and the oil allowed to fill
the replenishing tank, While the pump is still
operating, the valve leading to the replenish-
ing tank is closed and the system is subjected
to a slight pressure.

The effective operation of the telemotor
gystem depends upon the PURGING OF ALL
ENTRAINED AIR and the elimination of leaks,
Purging the system of air, under normal op-
erating conditicns, is done by opening the
valve leading from the replenishing tank, and
the air cocks at the forward telemotor. Be-
cause the replenishing tank is located above
the highest point of the telemotor system, the
air is forced out of the air eocks by the gravity
flow of oil. The cocks are closed when the
nil [lows smoothly without bubbles,

To detect and eliminate leaks in the system,
the wvalves and joints should be inspected [re-
guently, To correct a leaky piston in the inter-
nally packed telemotor, see that the leathers
are in good condition, and that the springs
{when used) keep the leather in contact with
the inside wall of the telemotor cylinders,
To stop leaks in the externally packed tele-
motor, tighten the glands just enough to cause
the packing to be compressed about the rams,
until the leak iz stopped.

The HYDRAULIC FLUID CHARACTERIS-
TICS are especially important when the tele-
motor system is exposed to low ambient tem-
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 tempera-
tures are not involved or where special oil
with the designated cold pour point cannot be
readily obtained, the symbol 2075H oil may be
used satisfactorily. The oil shouldhave a low rate
of expansion and be sufficiently viscous at 150°F
to remain a good hydradlie fluid.

When FILLING THE CHARGING TANK with
bwdraulic fluid, strain the oil into the {ank
through a funnel which has in it a fine mesh
screen. This prevents the entry of foreign
matter and at the same time prevents the
entry of alr bubbles into the hydraulic sys-
ten. The oil should never be allowed to
hecome contaminated with water,

Direct-Current Pilat Motor Control

The direct-current pilot motor type of re-
mote control is used with some early electro-

hydraulic steering pgears. It consists of a
small, reversible direct-current mofor, which
is commected, through a differential gear, to
the control shaft of a variable-stroke pump.
The pilot motor is controlled by means of
a mapgnetic control panel located next to the
motor, and with a master controller located
at the steering wheel. The mofor has a mag-
netic hrake which stops and holds the motor
when the master controller is returned to the
neutral position.

Steering Engineroom Watch

The duties of the steering engineroom watch
include operation, ecare, and emergency repair
of the machinery in their charge, Operating
instructions and system diagrams are posted
in the steering gear room. The diagrams
deseribe the various methods of operating the
steering gear under normal as well as emer-
gency conditions. The diagrams show the rel-
ative position of the wvalves concerned for
selling the gear for each method of operation.

During the steering engincroom watch, the
standby cquipment should be ready for instant
uge in an emergency. The steering gear
should be inspected thoroughly., The unit in
operation should be checked by feeling the
various parts. Use extreme caution with
moving parts to prevent injury to the hands,
Any part that feels HOT to the bare hand
should be reported to the OOD on the bridge
and to the officer of the watch in main engine
control,  Investigation for binding, owverload-
ing, and lack of lubrication should also be
accomplished. Mew or umisual sounds, which
indicate loose parts or wear, should be detected
and reported to the OOD, All air should be
bled out of the syslem, and a check made for
leaks in the lines and fittings. Piping leaks
usually oeccur following unusual strain (rough
seas]. Most leaks can be corrected by tighten-
ing the flange bolts, Very small leaks at ram
paclking plands are not objectionable since
the small amount of hydraulic fluid provides
lubrication. Sufficient fluid should always be
maintained in the tanks., All lubrication should
be accomplished in accordance with the in-
siructions on the lubrication chart,

All applicable safety precautions should be
obhserved.,  Keep oil off the deck. Extreme
caution should be exercised when working in the
confined spaces around the rams and actuating
gear.

438



Chapter 15— ADDITIONAL

AUXILIARY EQUIPMENT

Steering Casualty

Steering ig normally controlled in the pilot
house by the helmsman, whoreceiveshis orders
from ihe commanding officer wvia the officer
of the deck (OOD). If steering control is lost
from the pilot house, control must be shifted
to steering aft using emergency procedures,
Shifting of control may be necessitated by
damage to the remole control aysiem or as
a routine underway training measure to test
the preparedness and efficiency of the steer-
ing engineroom watch party.

In general, this is what would take place
when shifting from normal steering control to
steering aft in the event of a steering casually,
The pllot house watch would sound the steering
alarm located in steering aft. At the same
moment “STEERING CASUALTY-STEERING
CASUALTY"" would be passed over the 1JV
circuit. The steering engineroom watch would
immediately, and without further orders, take
local control with the trick wheel, The steer-
ing engineroom watch matehes the trick wheel
to the aetual rudder angle, and if necessary,
shifts to the standby unit. They would report
to the OOD as soon as steering aft had steering
control and would steer as directed by the OOD.
The nature and extent of damage or casualty
should be determined and reported to the OOD,
and to the officer of the wateh In the main
engineroom. ASs soon as the easualty hag been
repaired, the OOD and the officer of the watch
in the main engineroom should be informed.
When the order is received to shift back to
the pilot house, the rudder is brought amid-
ghips with the trick wheel, the control shifted
tor the pilot houge, and the 00D informed that
the pilot house has control.

ANCHOR WINDLASSES

The term WINDLASS refers to a plece of
deck machinery used primarily for paying out
and heaving in an anchor chain. A WILDCAT
(drum) may be mounted vertically or horizontally
at the end of the windlass shaft for handling the
anchor chain. The wildeat is fitted with WHELPS
to engage the anchor chain, On the windlass
there may also be a CAPSTAN HEAD or WARP-
ING HEAD (concave drum) for handling moor-
ing lines.

General requirements of the anchor windlass
are thal it must be simple, rugged, reliable, and

capable of reversal; it must have a hich mechan-
fcal advantage, suitable brakes, and a control
for veering the chain. Three general types of
power-driven anchor windlasses areused, elee-
trohydraulie, electric, and steam, Hand-op-
erated windlasses are limited to small ships
where the weight of the anchor gear is such
that it may be handled in a reasonable time and
without excessive effort on the part of operating
personnel.

Even though used intermittently and only for
relatively short periods of time, a windlass
must be capable of handling the required load
under extremely severe conditions. To prevent
deterioration and to provide dependable opera-
tion whenaver required, maintenance and adjust-
ment must be continued during the periods when
the machinery i8 not in use.

Windlass brakes must be maintained in sat-
isfactory condition if they are to perform their
function properly. Because of wear and com-
pression of brake linings, the clearance between
the brake drum and band will increase after
A windlass has been in operation. Means of
adjustment are provided on all windlassbhrakes.
Since maladjustment of a windlass brake could
result in the loss of the anchor and chain, it
is advisable that you become familiar with main-
tenance procedures recommended by the manu-
facturer.

Lubrication instructions furnished by the
manufacturer should be carefully followed. 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 lubricated to protectl
finished surfaces from corrosion,

The hydraulic transmissions of electrohy-
draulic windlasses and other auxiliaries are
manufactured with close tolerances between
moving and stationary parts. If these toler-
ances are tobe maintainedandunnecessary wear
provented, every precaution possible must be
taken to prevent the entry of dirt and other
abrasive material, When the system is replen-
ished or refilled, only clean oil should be used
and the oil should be strained as it is poured
into the tank, Ifahydraulic transmission control
system has been disassembled, all parts should
be thoroughly cleaned before reassembly, He-
fore piping or valves are {nstalled, their
interiors should be ¢leaned toremove any scale,
sand, or other foreign matter.
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ELECTROHYDEAULIC ANCHOR
WINDLASSES

An electric motor drives the hvdranlic pump
(A-end of the variable-speed gear). This pump
is a rotary, variable-displacement pump. il
under pressure transmits the power to the hy-
draulic motor {B-end of the gear) whichthrough
reduction gearing, rotates the windlass, The
rate of hydeaulic power delivery may he regu-
lated by warving the displacement of the A-end
of the pump,.

Figure 15-7 illusirates an electrohydraulic
windlass arrvangement. This particular mech-
anism has but one constant speed electric motor,
which drives the bwo wariable-siroke pumps
through a coupling and reduction gear. Other
installations include two motors, one for driving
each of the pumps. Each windlass pump is
controlled either from the weather deck or
lopcally with handwheesls on shafting leading to
the pump control, The hydraulic motors drive
the wildeat shaft by means of multiple spur
gearing and a locking head. The locking head

CONTAOL 2TaND

INDICATOR WILDCAT

BRAKE BAND
HaND GPERATED

CHAIN PIPE

CI-PSTF W HEAD

permits disconnecting of the wildeat shaft,
thus permitting free operation of the wildeat
as when dropping anchor.

ELECTRIC AND STEAM WINDLASSES

Some ships are equipped with geared wind-
lasses driven by reciprocating steam engines;
other ships, such as desirovers and destroyer
escoris, are eguipped with the electrie motor
variety. The electrie motor or steam engine
drives the wildeat through a ecoupling and re-
duction rears. Band brakes are provided at the
wildeats on the upper deck, and clutches are
provided at the lower end of the vertical shaft.
Fipure 15-8 illustrates an electric spur-gear
type windlass of a destrover.,

WINCHES AND CAPSTANS
A winch iz a piece of deck machinery that

has a large winding drum on a horizontal shafi
for handling heavy loads with wire rope. In
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Figure 15-T.—An elecirobhydraulic anchor windlass arrangement,
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addition, cargo winches may be equipped with one
or two gypsy heads fitted for handling manila
lines, Winehes are uged for heaving in on
mooring lines, holsting boats, topping lifts on
jumbo booms of large auxiliary ships, and for
handling cargo. Power for operating shipboard
winches is usually furnished by steam or elec-
tricity., Where delicate control and high accel-
eration without Jerking are required, such as for
handling aircraft, electrohydraulic winches are
usually installed. Most modern auxiliary ships
are equipped with either electrohydraulic or
electric winches, while the older auxiliary ships
are ocquipped with either steam or electrie
winches.

CARGO WINCHES

Among the various types of winches for
general cargo handling are; double-drum double-
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 of a train of spur gears in which a
maar shift is provided to give two drive speeads.

Part A of figure 15-9 is a plan view of a
winch with two gypsy heads (1), one mounted
at each end of the main drive shaft. The speed
and direction of rotation of the engine is con-
trolled by a hand lever (14), Steam is admitted
through the steam line connections (8) and (B).

With the winch in “‘compound gear,’’ 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 fromthe reverse
valve (8) through the two top horizontal pipe-
lineg (5) to the eylinders where it drives the
engine. (Also see parts B and C, fig. 15-0.)
The two lower pipes (4) are exhaust lines.
When the lever is lowered below the horizontal
position, the direction of steam flowisreversed
in these pipes and the engine turns in the op-
posite direction, thus lowering the load. SBome
levers are provided with an automatie lateh for
holding them in the 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.

FRICTION BRAKE

LOCKING HANDWHEEL

i
MOTOR OPERATED BRAKE
3.224%

Figure 15-8.—An electromechanical anchor
windlass,

A spool-type steam walve slides back and
forth, opening and closing the ports for 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 stuffing
box and connected to the eccentric on the main
shaft,

With the winch in “single gear" the direetion
of rotation is reversed and a load is raised by
lowering the lever. The clutch mechanism
consists of a sleeve (11) which is keyed to the
crankshaft (12) and provided with a shifter yoke
which is operated by a lever (7) located near
the reverse valve (9). (See C, fig. 15-0.) When
this lever is thrown to the left, the position
shown in figure 15-9A, the pinion which is inte-
gral with it, is engaged with the gear (2) on
the intermediate shaft. This is the “compound
gear® position and gives a slower drum speed
with an increase in available line pull. When
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Figure 15-9.—Steam-operated wineh.
A, Plan view.

B. Side view.
C. Reversing throttle valve.

the shifter lever (7) is thrown to the right, disengages the pinion from the intermediate
the driving sleeve is shifted to the right. This  shaft gear (2) and engages the square 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 shaft, and is
called the single 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” pogition is obtained by placing
the shifter lever (7) in the vertical position,
leaving no connection between the driving sleeve
(11) and either pinion. The shifter lever can be
latched in any of the three described positions.
Care should be taken to latch the lever in the
desired position before the winch is operated.

When the winch is under heavy load, there
is a high pressure between cluteh faces, or gear
teeth, This makes it impossible to shift the
sleeve and change the gear ratio, To make a
change, it is necessary to remove the loadfrom
the winch and then turn the angine over very
glowly while making the shift,

With the engine running in a given direction,
the shifting from compound gear to single gear,
or vice versa, reverses the direction of 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, lowering 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 shatt, the gypsies are turned with the
hoisting drum. The drum (10) is provided with
a standard type of band brake (3) with a fooi-
operated control and ratchet lock. The locking
device is controlled by springing the foot pedal
(15) laterally, The brake band is securedlo the
winch bed plate in such a manner thal the brakes
may be conveniently taken up to compensate
for wear.

Electrohydraulic Winches

Electrohydraulic winches (fig, 15-10) are
always drum type. They are usually installed
on ships having alternating current and where a
wide range of speed, close control, and smooth
acceleration are required, as in cargohandling.
The drive equipment is like most hydraulic
systems; a constant speed electric motor drives
the (A-end) variable-stroke hydraulic pump
which is connected to the (B-end) hydraulic
motor, by suitable piping. The drum shaft is
driven by the hwdraulic motor through reduc-
tion gearing.

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
removed from or assembled on either end of
the drum shaft. Gypsy heads are keyed to the
drum shaft and rotate whenever the wineh is in
operation. Drums are not keyed to the shaft,
When a drum {8 to be used, it is connected to
the shaft by a cluteh,

Maintenance of Winches

In several respects, the maintenance re-
quired for a winech is similar to that for a wind-
lass. Where band brakesareusedon the drums,
the friction linings should be inspected regularly
and replaced when necessary. Steps should be
taken to prevent oil or grease from accumu-
lating on the brake drums, The operation of
brake-actuating mechanisms, latches, and pawls
should be checked periodically.

The sliding parts of positive elutches must
be properly lubricated, and the locking device
on the shifting gear should be checked to deter-
mine if it will hold under load. The oil of gear
reduction units should be checked for proper
amount and purity. Periodic inspections should
be made of the pressure ubrication fittings
normally installed on slow-moving parts. On
installations which use hydraulic 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, revolyv=-
ing drum for hauling in on heavy mooring lines.
Figure 15-11shows an anchor windlass capstan
head.

The type of capstan installed aboard ship
depends on the load requirements and type of
power available. In general, a capstan consists
of a single head mounted on a VERTICAL shaft,
reduction gearing, and a power source, The
types, classified acecording to power source, are
electric and steam,

Electric Capstans

Electric capstans are usually of the reversi-
ble type and develop the same speed and power
in either direction. Capstansdriven by alternat-
ing-current molors have two speeds, full speed
and one-half speed. Capstans driven by direct-
current motors usually have from three lo five
speeds in either direction of rotation,
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Flgure 15-10.—Electrohydraulic winch units.

Steam Capstans

Steam capstans were formerly used exten-
sively on Navy ships, but they are now used
only occasionally where the eleciric power is
insufficient.

Steam cylinders are driven by twin cyl-
inder, reciprocating, reversible steam engines,
A hand-operated control valve reverses and
controls the speed of the capstan., Steam-
driven capstans generally do nol operate on
full boiler pressure, usually a reducing valve
is used to reduce the steam supply to 100
psi.
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Cranes

The hoisting whips and topping lifts of eranes
are usually driven by hydraulic variable-speed
gears, through gearinz of various types. This
provides the wide range of speed and delicate
control required for load handling. The cranes
are usually rotated by an electric motor con-
nected to worm and spur gearing, or by an
electric motor and hydraulic wvariable-speed
gear connected to appropriate reduction gearing.

Some of the electrohydraulic cranes are
also provided with automatic slack line takeup
equipment, consisting of an electrie torque motor
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47,146

Figure 15-11.—Vertical-shaft anchor windlass capstan head.

geared to the drum. When these cranes are used
for lifting Loats, alrveraft or other loads from
the water, the torque motor agsists the hydravlic
motor drive to reel in the cable incase the load
is lifted faster by the water than il is being
hoisted by the erane,

Electrohydraulic equipment for the crane
consists of one or more electric motors, running
at constant speed. Each motor drives one or
more A-end variable displacement hydraulic
pumps whose strokes are controlled through
operating handwheels. START, STOP, and
EMERGENCY RUNpushhuttons are located at the
operator’s stalion for the contral of the electric
motors, Interlocks are provided to prevent
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starting the electric motors when the hydraulic
pumps are on stroke, B-end hydraulic motors
are connected to the A-end pumps by piping, and
drive the drums of the holsting and topping
units or the rotating machinery.

Reduction gears are provided between the
electric motor and the A-end pump and between
the B-end hydraulic molor and the rotating
pinion. Each hoisting, topping, and rotating drive
is provided with an electric brake on the hydrau-
lic motor output shaft, The electric brake is so
interlocked with the hydraulic pump control
that the brake will set when the hydraulic con-
trol is on neutral or whenelectric power is lost.
A centering device is provided [or aceurately
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finding and retaining the neuvtral position of the
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
electric torgque motor, which is connected fothe
hoist drum through reduction gearing, isusually
provided on eranes. This device works in con-
junection with the pressure stroke control on
the hydraulic pump, and provides for fast accel-
eration of the hookinthe hoisting direction under
light hook conditions. Thus, slack is prevented
from forming in the cable when hoisting is
started,

Some cranes are provided with a light-hook
paying-out device. Thisdevice is mountedon the
end of the boom to pay oul the hoisting cables
when the weight of the hook and cable bevond
the hoom head sheave is insufficient to overhaul
the cable as fastagitigunreeledfrom the hoisi-
ing drum.

When the mechanical hoist control 1s inneu-
fral, the torque motor is not energized and the
cable is gpripped lichtly by the actionofa spring,
Moving the hoist control to LOWER energlzes
the torgue motor, and the sheavesclampand pay
out the cable as it is unreeled from the hoist
drum. When the hoist controlis moved (o HOIST,
the torgue motor is reversed and operates to
unclamp the sheaves, A limit switch opens and
automatically deenergizes the paying-out device.
Figure 15-12 shows the light-hook pav-out device
with the torgue motor paying out the cable.

Maintenance of cranes should be ac-
complished in aecordance with manufacturers’
ingtructions. In general, the maintenance of
electrohydraulic cranes requires that the oil in
the replenishing tanks be kept at the prescribed
levels, and that the system be kept clean and
free of air. The limit stop and other mechani-
cal safety devices must be checked regularly
for proper operation. When cranes are not in
uge, they should be secured in their stowed
positions and all electric power to the crane
controllers disconnected at the power distri-
bution panel.

ELEVATORS

Some of the hydraulic equipment with which
vou may be concerned will be found in electro-
hydraulic elevator installations. Elevators of

thiz type are in use on aireraft carriers. The
elevators described in this chapter are of the
type now in service on ships of the Forrestal
class (CVA). These ships are equipped with
four deck-edge airplane elevators which have
a maximum lifting eapaeity of 79,000 pounds.
The cable 1ift platform of each elevator pro-
jectzs over the side of the ship and is operated
by an electrohydraulic power plant,

POWER PLANT

The electrohydraulic power plant consists of
the following:

1. A horizontal plunger type hydraulic en-
1ne.

- 2. Five wvariable delivery parallel piston
type pumps.

4. Two high pressure tanks.

4, One low pressure tank.

3. Sump tank system.

6. Two constant delivery Denison vane type
pumps {sumnp pumps).

7. 0il storage tank.

8. Piping svstem and valves,

9. Nitrogen supply.

The hydraulic engine isoperated by pressure
developed in a closed hydraulic system, 0il is
supplied to the system in sufficient gquantity to
cover the baffle plates inthe high pressure tanks
ancd allow for piston displacement. Nitrogen
makes up the rest of the volume. Nitrogen is
used because air and oil in contact under hich
pressure form an explosive mixfure. Alr
should not be used except in an emergency.
Witrogen should be maintained at 97 percent
purity in the svstem.,

PRINCIPLES OF OPERATION

The hydraulic engine is fitted with abalanced
piston type wvalve with control orifices and a
differential control unit. This control assembly
ig actuated by an electrie motor and can be op-
erated by hand, To raise the elevator, the
valve is moaved off center, allowing high pressure
oil to enter the eylinder. High pressure ofl
enfering the cylinder, moves the ram, whieh,
through a system of calbes and sheaves, moves
the platformupward cables speed of the elevator
iz controlled by the amount of pressure in the
high pressure tank and the confrel valve.
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Flpure 15-12,=Light=hook pay-out device.

When the elevator starts upward, the pres-
sure in the high pressure tank drops, This
pressure drop automatically starts the main
pumps which transfer oil from the low pressure
tank to the high pressure system until the pres-
sure is restored. An electrical stopping device
automatically limits the stroke of the ram
and stops the platform at the proper position
at the flight deck level,

To lower the elevator, the control valve is
moved in the opposite direction, which permits
the oil in the eylinder to flow into the exhaust

a4

tank. As the platform descends, oil is dis-
charged to the low pressure tank and the orig-
inal oil levels and pressures, except for leak-
ages, are reestablished. The speed of lowering
is controlled by the control valve and the cush-
lening effect of the pressure in the exhaust
tank. Leakage is drained to the sump tanks and
is automatically transferredto the pressure sys-
tem by the sump pumps. An eleclrically op-
erated stopping device automatically slows down
the ram and stops the platform at its lowest
level.
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The maintenance procedures for elevators
are relatively the same as for other auxiliaries

which use hydraulic fluid to tranamit power.

Elevatar 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 isa
proper oil level in the pressure and exhaust
tanks, (2) there is no excessive leakage in the
sump leak-off connections, (3} the pistons seal
properly in the hydraulic eylinders, and (4)
the entire system is clean.

SAFETY FEATURES

Some of the major safety features incorpo-
rated into modern deck edge elevators include
the following:

1. I the electrical power fails while the
platform is at the hangar deck, there will be
enough pressure in the system to move the
platform to the flight deck, without the pumps
running.

2. The platform isfittedwith serrated safety
shoes, Should all hoisting cables break on one
gide, the shoes will wedge the platform between
the puide rails and stop the platform witha 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 reaches
1140 psig, and (2) a relief valve set to lift at
1270 psig.

4. The sump pump system has a capacity
sufficient to return the unloaded platform from
the hangar deck to the flight deck,

5. The oil filter system may be used con-
tinuously while the engine is running, thus part
of the oil may be cleaned with each operation of
the elevator,

MAINTENANCE OF HYDRAULIC SYSTEMS

The overall efficiency of hydraulic instal-
lations used to control or drive auxiliary ma-
chinery ls basically dependent upon size of in-
stallation, oil pressure, speed, and condition of
the equipment. The care given the hydraulic
components of the system is an important
factor. Major repair of hydraulic sear, except
for piping and fittings, is generally performed
at a naval shipyard or by the manufacturer.
Routine maintenance, keeping the oil eclean,
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and maintaining proper fluid levelsis the respon-
sibility of the operator.

Hydraulie transmissions are sturdy, proven
machines, inspected and tested with such care
that casualties seldom occur except as a resull
of faulty assembly, installation, or mainte-
nance, If a properly installed hydraulic system
is operated regularly and maintained with proper
care, it will retain its design characteristics
of power, speed, and control, and the need for
costly repair and replacement will seldom
ocour,

Regular operation, proper lubrication,
proper maintenance of all the units, and clean-
liness of the fluid are prineipal requirements
for keeping a hydraulic transmission in satis-
factory operating condition. Regular operation
of hydraulic eguipment prevents corrosion,
sludge accumulation, and freezing of adjacent
parts, The need for proper lubrication and
cleanliness 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 peneral information which follows will also
e helpful.

PIPING AND FITTINGS

Properly installed hydraulie piping and
valves are seldom a source of trouble, except
for leakage. Some leaks may become serious
enough to cause a reduction in the efficiency of
the unit {g). Freguent inspections should be
made and necessary steps taken to eliminale
leakapge,

Ii leaks occur at a flanped joint in the line
of a hydraulic system, fighten the flange bolts
evenly, but not excessively. Ifthe leaks persist,
use the standby unit, if awvailable, or shut
down the equipment while the gasket of the
leaking flange is being replaced. Make certain
that the flange surfaces are cleaned carefully
before the new gasket is applied,

Relief valves or shuttle valves of a hydraulic
system mayv be sources of trouble. The seats
of leaking relief valves shouldbe reground, Loss
of power may indicate a leaking relief wvalve.
Shuttle walves may stick and fail to eut off.
Existence of this condition is indicated when oil
egcapes from the high pressure side of the line
into the expansion tank, or when the pressure
control fails. When a shuttle wvalve fails
to operate, the stop wvalves should be c¢losed
and the defeetive valve removed for repair.
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FLUID SYSTEM

When inspection of an oil sample drawn from
a hydraulic system reveals the presence of
water, sludge, or acidity, the system must be
drained, eleaned withthe prescribed{lushing oil,
and filled 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, [f filters have replaceable
elements, install new elements.

2. Drain the system, as completely as
possible, of 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. Becure 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 light
load for 3 to 5 minutes, unless otherwise speci-
fied. 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 should never be operated
under full load when it is filled with [lushing
oil, and the operating pressure should be
maintained as low as possible.

After each short operating period, the clean-
ing handles of edge type filters (if installed)
should be turned and an amount of oil equal to
its volume should be drained from the filter,

T. f time permits, allow the system to
stand idle for an additional hour following the
series of short operating periods.

8. Drain the system of flushing oil, close
the system, and fill it with the proper hydraulic
olil.

As the system is being filled, the oil should
be strained through a fine wire screen of 200
mesh. If the oil is not clean, it should be run
through a centrifuge.  Adequate protection
should be provided azainst dust and moisture.
Moisture should be expelled from oil before it
is poured into a system; this can be done by
heating the oil to 250°F.

When a hydraulic system is being filled, sui-
ficient fluid should be used to completely fill
the active parts of the mechanism, leaving no
air pockets. During the filling procedure, air
valves should be opened so that air can escape
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to the oil expansion box. After the system has
been filled, the walves should be closed tight.

PUMPS AND MOTORS

An electric motor is provided to rotate the
hydraulic A-end (pump end) variable speedgear
(rotary, positive displacement, variable stroke
pump). Oll under pressure is delivered from
the A end to the hydraulic motor (B-end)
variable speed gear through piping. The B-end
rotates the individual unit or equipment through
suitable reduction gearing. Whether the A-ends
and B-ends of hydraulic iransmissions are of the
axial- or radial-piston tvpe, 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, the SHAFT
STUFFING BOX PACKING is of the square-
braided pure asbestos type. This type packing
is easily removed. Care must be taken to ensure
that it is not replaced too tightly: if properly
installed, this packing makes a tight joint with
light pressure, If packing wears out quickly,
the shaft should be inspected for roughness. If
a machine shop is available, roughness may be
eliminated from a shaft by a finishing cut to
smooth the surface; otherwise, it may be nee-
essary to replace the shafl.

Packing should be renewed al prescribed
intervals, to prevent the packing from becom-
ing hard and scoring the shaft. When packing is
being replaced, a uniform thickness should be
maintained around the shaft, An excess of
packing on one side of the shaft will cause
shaft deflection and may even result in break-
age. Stuffing buxes should be packed loosely
and the packing gland set up lightly, allowing
adequate leakage for cooling and lubrication,

There s less likelihood of POOR ALIGN-
MENT BETWEEN THE DRIVING AND DRIVEN
MEMBERS of a hydraulic transmission if the
wedzes, shims, jacking serews, or adjusting
setscrews are properly set and secured when
connected units are installed. However, be-
cause of a casualty, misalignment may occur
that will cause severe stress and strain 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 done, pins, bushings, and bearings
will have to be replaced frequently,
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Since there is no end play to either the
A-end or the B-end shaft, flexible couplings
are generally used in hydraulic transmissions.
Such ecouplings permit satisfaclory operation
with a slight misalisnment, without requiring
frequent renewal of parts,

Complete maintenance of all types of hy-
draulic systems cannot be given in this publica-
tion, Maintenance instructions concerning any
specific unit can be found in the appropriate
manufacturer's technical manual. Although the
information which follows applies specifically
to electrohydraulic elevators, it is generally
applicable to most shipboard electrohydraulic
gystems,

REPLACING HYDRAULIC ENGINE
CYLINDER PACEKING

Ag the plunger moves in and out of the cylin-
der, the cylinder packing confines the pressure
in the eylinder and prevents leakage of oil. The
packing is made up of several split rings. To
prevent leakage, the eylinder gland nuts must
be tightened periodically. If the gland nutshave
been tightened and the packing continues to leak
excessively, the packing is worn or damaged
and must be renewed,

Packing is renewed as follows:

1. Lock the platform at the [light deck.

2. Bet the stroke of the main pumps at
zero and close all pressure tank, exhaust tank,
and strainer valves,

3. Drain the oil from the cylinder, through
the 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
ram in order to insertnew packing on the under-
side of the ram,

7. Replace the gland and nuts. Care must be
taken to pull the nuts up evenly and only to the
point where they are snug,

B. Open all valves to the exhaust and pres-
sure tank and open the engine air cocks.

§, 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-=
matie control.

10, Open the control valve slightly, by ro-
tating the hand control valve counterclockwise,
until the oil flows from the engine air cocks.
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11. Close the control valves.

12. Tighten the packing gland nuts one turn
at a time until oil leakage, through the packing
gland, is a few drops per second. (Nuts should
be tightened sothat the glandis drawnup evenly.)
Some oil leakage is necessary for proper lubri-
cation of the packing.

13, Loosen each nut one-half turn and lock
with jam nut,

CAUTION: If the pacldng is too tight the
plunger will not operate at proper speedand 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 of foreign
material on the in-stroke. It is gplit and 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:

1. Disconnect the universal joint [rom the
main shaft by removing the bolt.

2, Bhove the main shaft toward the motors.

3. Remove the fork and the plate (fig.
15-13A).

4, Remove the old seal and replace it witha
new seal (fig. 15-13B).

5. Reassemble the sealswith plate, fork, and
universal joint (fig. 15-13C).

REPLACING MOTOR SHAFT OIL SEAILS

To determine the condition of the motor
pinion assembly and associated oil seals, peri-
odic inspections for excessive leakage shouldbe
performed, If it becomes necessary to replace
ihe motor shaft oil seals, the following proce-
dure should be used:

1. Remove ihe bolts, while supporting the
motor, that fpsten the motor blocking to the
mounting bracket.

2. Pull the motors horizontally away from
the gear box until the pinion on the motor shaft
is clear of the gear box (fig. 15-14A).

3. Remove the old seals and replace them
with new seals (fig, 15-14B).

4. Return the motor pinion intothe gear box,
and bolt the motor blocking, or frames, into
place (fig. 15-14C),
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Figure 15-13.—A.
B. Removing oil seal.
C. Reassembling oil seal and plate.

CLEANING MAIN AND SUMP
PUMP OIL STRAINERS

The maln pump oil strainers should be
cleaned shortly after the hydraulle system has
been filled with oil, or after repair work has
been completed, (It is possible 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:

1. Close the strainer intake (inlet) valve and
the main pump suction valve.

2. Open the air cock, at the top of the
strainer, and the drain valve, at the bottom of
the strainer. This will drain the oil from the
gtrainer Into the sunip tank.
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47,147

Removing fork and plate.

3, Close the drain valve.

4. Loosen the bolts and remove the cover
from the strainer {fig. 15-15A).

5. Lift the basket out of the strainer (fig.
15-158). j

6. Blow out all dirt and foreign matter from
the strainer basket. Then clean the strainer
basket thoroughly {fiz. 15-15C).

7. Insert the basket into the strainer, place
the cover on the strainer (using a new gasket),
replace and tighten the bolts,

8. Open the strainer intake valve and refill
the strainer with oil from the system while
bleeding off the air.

8. Close the air cockandopen the main pump
suction valves,
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47,148
Figure 15-14,=<A. Pulling motors,
B. Replacing oil seals.
€. Heturning motor pinion
into gear box,

The sump pump oil strainers should be
cleaned at the same time as the main pump
oil strainers. They should be cleaned as
follows:
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1. Close the storage tank stop valve, the ex-
haust tank stop check walve, the engine 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. (NOTE: The check valves
should be open before the strainer is refilled
with oil.)

CARE OF MAIN HYDRAULIC PUMPS

Maintenance of the main pump consists
mainly of draining and refilling with oil, when
the oil in the hydraulie system hasbecome dirly
or mixed 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 oil must be strained through a fine mesh
wire screen as it is poured into the system.
The use of cloth strainers is not recommendead,
since the continued use of such materialtends to
cause an accumulation of 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 screen to
an ordinary [unnel. In some cases the useful-
ness of the funnel is increased by the addition
of a pipe thread at the lower end, By connect-
ing this funnel to a length of pipe, the funnel
may be used for filling purposes in places that
are not otherwise accessible,

All containers used for filling the system,
or for storing oil, should be clean. They musl
not have been used previously for acids, lyes,
or other chemicals. When the pump is drained
after having been in service, all dirt and sludge
must be cleaned out, and the pump flushed with
acid-free cleaning fluid. Before the pump is
refilled with oil, all cleaning fluid must be re-
moved from the pump, and the pump blown out
with air until dry. Unless this is done, either
the chemical or the physical properties of the
oil may be impairedby small quantities of clean-
ing fluids,

In elevator hydraulic systems, water seeping
into the pump will usually settle in low points,
If the drain plugs are removed, the water will
drain out,

Hydraulic equipment which has been standing
idle at extremely low temperatures should be
started with care. (Before operating the equip-
ment the entrapped air should be bled from the
cylinders, control valves, strainer, and piping.)
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47.149

Figure 15-15.—A. Removing strainer cover.
B. Lifting strainer basket,
C. Cleaning strainer basket.
D. Replacing strainer cover.

While the oil is pumpable at low temperatures,
it does not lubricate properly. A short time
is required to force the oil between closely
fitted parts so as to provide lubrication. Two
or three minutes of operation at low pressures
will provide ample time for penetration. During
this time the oil will warm up and the viscosity
will be greatly reduced.

Grit and abrasive particles in the oil will
cause wear which destroys the seal between the
pistons and the cylinder, This results in the
leakage which reduces the efficiency beyond
allowable lmits. I the wear becomes ex-
cessive, the worn part should be replaced.

CLEANING AND REPLACING
FILTER ELEMENTS

Each elevator has a micronic oll filter (fig.
15-18) installed in its power system. The filter
is generally designed to handle approximately
140 gpm of hydraulic oil, at a working pressure
of 350 psi, with a pressure drop of approxi-
mately 5 psi. 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 of oil will be indicated
on the Flo-Gage and the pressure drop on the
differential pressure gage. An internal bypass
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Figure 15=16.=Micronic oil filter.

valve is installed and set to openat 20 psi above
the working pressure, Stop valves are installed
on the inlet and outlet sides of the filter to
facilitate cleaning and/or replacement of the
filter elements. The piping to the filter is ar=
ranged to take oil from the exhaust tank and
discharge to the suction sides of the main
pumps,

To elean all the oil in the enclosed pressurs
system, the following procedure should beused:

1. Operate the elevator onacycleonce *‘up’’
and “down”; this takes approximately 3 1/2
minutes,

2, Use at least one of the main pumps to
circulate the oil. Shorten the strokes of the
pumps to reduce delivery so that the pumps are
not automatically shut down between runs of the
elevator.

3. Close the inlet and the outlet valves of
the main strainers; this will cause all the oil
being pumped to pass through the flter.

4, Watch the Flo-Gage andadjust the strokes
of the pumps so thal the [low does not exceed
140 gpm,

5. Operate the elevator as [requently as
necessary to keep the pumps operating; i.e., run
the elevator up and down before the oil level and
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pregsure are completely restored in the high
pressure tank which would shut off the pumps.

6. Maintain this operation for about 30
minutes—in which time, all of the oil should have
passes through the filter.

7. Observe the differential pressure gage
and if the indication ig above 5 psi, stop filter-
ing and clean the filter.

After the complete cleaning of the oil, the
filter can be used in parallel with the main
strainer. This condition will allow about 10
percent of the oil to flow through for continuous
filtering during the normal operation of the
elevator,

The filter should be cleaned as follows:

1. Place the
position.

2, Close the inlet and the outlet gate valves.

3. Slowly open the globe walve in the drain
line from the bottom of the filter,

4. Open the gate valve in the drain line from
the side of the filter body.

g. Close the globe valve in the bottom drain.

6. Attacl the air hose (25 psi) o the 1/4-
inch size needle valve and allow air to blow
back through the filter elements, through the
open rate valve to the blow-down tank.

7. Close the drain and air valve, and allow
the 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 digposed of through
the 1/2-inch wvalve installed below the blow-
down tank.

8. When refilling with oil, or fluid, open the
plug on top of the filter to bleed the air.

8. Open the outlet valve, and the inlet valve,
Close the plug when all the air is out.

1¢. Place the Flo-Gare in operation.

Flo=-Gage in the inoperative
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If the filter cannot satisfactorily be cleaned,
it should be replaced as follows:

1. Proceed as for
elements; steps 1-4,

2. Remove the filter cover assembly, the
top plate retaining nuts, the top plate, and the
filter elements.

cleaning the filter

3. Before replacing the elements, wipe out
any sediment on the bottom of the chamber.

4. Replace the filter elements on the filter
tube holder and springs.

5. Before replacing the top plate, see that
the element holders and springs are all evenly
in place. Replace the top plate, the top plate
retaining nuts, and the cover assembly.

6. Place the filter in operation by proceed-
ing a2 in steps 8, 9, and 10 of the cleaning pro-
cedure,

CLEANLINESS OF HYDRAULIC SYSTEMS

Dirt or foreign matter in hydraulic gystems
can disable pumps, cause wvalves to stick, ruin
packing, and damage the control systems. Hy-
draulie systems should never be opened except
for good cauge and then only by qualified person-
nel, When it iz necessary to open a hydraulic
system,; extreme care should be taken to keep
out dirt; all parts should be carefully cleaned
before being reinstalled. Oil filters should be
cleaned or changed at regular intervals. Oil
should be filtered once each 6 months. Any oil
added to the svstem should be filtered. Only
clean oil of an approved type should be added
to ahydraulic system. Use only approved packing
and gaskel materials and never allow water {o
enter a hydraulic system.
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INTERNAL COMBUSTION ENGINES

Internal combustion engines are used exten-
sively in the Navy as ship propulsion units and
as prime movers for auxiliary machinery.
Engines in use are of-the reciprocating type and
the gas turbine type.

In most shipboard installations, internal
combustion engines are of the reciprocating
(diesel and gasoline) type. Diesel engines are
generally used, except where special conditions
favor the use of gasoline. Standardization of
diesel fuel oils, fuel economy, reliability during
starting and in getting underway, and the lesser
fire hazard associated with the diesel engine
have been the chief factors in favor of this
engine's use. However, the low weighl-power
ratio of the gasoline engine has caused it to be
widely used in applications where both speed
and light weight are required of the power plant.

Although the gas lurbine engine is not new,
its application to marine use in the Navy is
relatively recent. Experiments have proventhat
gas turbine engines can be used advantageously
to power short-range ships, landing craft, air-
sea rescue boats, and also to drive generators
and portable pumps.

Since the internal combustion engines In
Navy service differ widely, not only in type but
algo in size and design, detailed information on
each type and model of engine i8 beyond the scope
of this chapter. The information given in this
chapter is applicable, in general, to all internal
combustion engine installations aboard Navy
ships. Detailed information on engine operation
and maintenance should beé obtained from the
manufacturer’s technical manual(s) for each
specific engine installation,

RECIPROCATING ENGINES

Since the pistons in diesel and gasoline en=
gines employ a back-and-forth motion, they are
classified as reciprocatling engines. The gasoline

and diesel engines differ principally in that the
former has o carburetor and a spark ipgnition
gystem. The fuel and air for the SPARK TGNI-
TION (GASOLINE) ENGINE is mixed in the
carburetor. This mixture is drawn into the
cylinders where it is compressed and ipnited
by an electric spark.

The COMPRESSION IGNITION type engine
is commonly known as a DIESEL ENGINE.
This engine takes in atmospheric air, com-
presses it, and then injects the [uel into the
combustion space. The heat generated by com-

pression ignites the fuel, hence the term
““compression ignition’ is used for diesel
engines.

DIESEL ENGINES

Each type of engine installation oresents a
special operational problem and requires a
special routine for suecessful operation. Tha
engineer officer will have esatablished a sys-
tematic procedure applicable to the engines
being operated. It is of the utmost importance
that this established procedure be f[ollowed.

Operating Conditions

A ecomplete log of all operating conditions
must be kept. The operating pressures and
temperatures should be ohserved and recorded
in the log, at specified intervals. Deviations
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
oceur, they are usually indications of conditions
for which load, lubrication, cooling, engine
speed, or fuel supply are responsible, either
directly or indirectly.

LOAD—The manner of applying a load to an
engine, and the regulation of the load will 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
followed. Gradual application of the load is
necessary to prevent damage to the equipment
from such conditicns as uneven rates of ex-
pansion and inadequate lubrication at low
temperatures,

An engine should not be operated for any
great length of time with less than one-third
normal load. Combustion at low load i3 in-
complete; under these conditions, partially
burned fuel oil and lubricating oll may couse
heavy earbon deposits, which will foul the valve
stems, the piston rings, and the exhaust system.

The operation of a diesel engine at 30 percent
power or less for long periods of time will lead
to a number of troubles. In addition tothe forma-
tion of carbon on the intake and exhaust ports, on
the combustion-chamber surfaces, on the piston
head, and in the piston-ring prooves and lands,
low-load operation may be responsible for stick-
ing and burning of exhaust valves; dilution of the
lubricating oil; scuffing of eylinder liners; in-
creased fuel consumption; and excessive smoke
when the load is increased. If operation require-
ments necessitate engine operation for periods in
excess of thirty minutes at 30 percent power or
less, the load should be inereased to above 50
percent power at the first opportunity.

An engine should never be operated at an
overload, except in an emergency. When con-
ditions indicate that the engine is overloaded,
the load should be reduced immediately. Over-
load may be indicated by excessive temper-
atures, smoky exhaust, or excessive [iring-
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 should be replenished, as necessary. All
make-up o0il should be purified, i feasible.
Lubricating-oil purifiers, when provided, should
be kept operating whenever the engines are in
use; they should be operated periodically, during
idle pericds, The cleaning handle on all metal-
edge type lubricating-oil strainers should be
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rotated through at leasttwo complete revolutions
during each watch. The pressuredropacrossthe
filters and strainers should be checked fre-
guently. The viscosity of the lubricating oil
should be checked at least once each day to
determine the percent of fuel dilution.

PRESEURES AND TEMPERATURES.—All
pressures and temperatures must be maintained
within the normal operating ranges; if this is
not possible, the engine must be secured. All
instruments must be checked [requently, The
manufacturer’s instructions give detailed in-
formation concerning the proper operating pres-
sures and temperatures. When this information
is not available, the temperature of the lubri-
cating oil as it leaves the engines should be
maintained between 140°F and 180°F; and the
temperature of fresh water should be not less
than 140°F or more than 170°F when the water
leaves the engine. The temperatures inthe salt-
water cooling system should not be allowed to go
above 130°F; higher temperatures will cause
deposits of salt and other solids in the coolers
and piping, and will ageravate corrosion. In
order to ensure efficient operating in engines
which are cooled by salt water, thetemperature
of the salt-water coolant s:i'muld never be allowed
to drop below 100°F at the engine discharge.

Frequent checks of the cooling system should
be made to detect any leaks. Coolers and heat
exchangers should be vented at least once each
watch. The level of the fresh water in the ex-
pansion tank should be checked frequently; fresh
water should be added, as necessarv. I the
level pets very low in the fresh-water system,
cold water should never be added until the
engine has cooled.

CRITICAL SPEEDS.—Do not operate an
engine at or near any destructive critical speed;
the wvibrations resulting from operation at such
speads will cause serious damage.

All moving members of machinery have
critical speeds. The term apolies to certain
ranges of speed, during which excessive vibra-
tion in the engine is ereated. Every part of the
engine has a NATURAL PERIOD OF VIBRATION,
or FREQUENCY, When impulses set upavibra-
tion which coincides with the natural freguency
of the body, sach impulse adds to the magnitude
of the previous vibration; finally, the vibration
becomes great enough to damage the enging
structure.
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Vibration may be set up by lineal impulses
from reciprocating parts or by torsional im-
pulseg 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.
II pressure impulses which are timed to the
natural period of the shaff are permitted to
continue, the vibration amplitude will become g0
great that the shaft may be fractured. If the
speed of such an engine ischanged, however, the
pressure impuldes will no longer coincide with
the natural period of the shaft; the vibration
will then cease.

Since each engime has a natural period of
vibration, which cammot 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 guickly 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 critieal
speed ranges; this will make it easier to keep
the engine out of the critical ranpes. Ta-
chometers somefimes get out of adjustment,
they must, therefore, be frequently checked with
mechanical counfers.

FUEL.—An adequate supply of proper fuel
must be maintained. The fuel syastem should
be frequently checked for leaks. All fuel oil
strainers should be cleaned, at periodic inter-
vals. Fuel oil filter elements should also be
replaced, whenever necessary., When diesel fuel
oil purifiers are provided, all fuel should be
purified before it is transferred to the service
tank. The service tank should be frequently
checked for water and other settled impuritics
by sampling through the drain valve at the
bottom of the tank. Water and impurities should
be drained off.

Safety Precautions

The specific safety precautions for a given
enging must be obtained from the applicable
manufacturer’'s operating instructions. In addi-
tion to the manufacturer’s specific precautions,
the following precautions also apply fo the
operation and maintenance of a diesel engine.

RELIEF VALVES.—If a relief valve an an
engine cylinder lifts (pops) several times, the
engine must be stopped immediately; the cause
of the trouble must then be determined and
remedied, Belief valves must never be locked
in a closed position, except in an emergency.
Pressure-relief mechanisms are fitted on all
enclosures in which eXcessive pressures may
develop, Striet compliance with designated ad-
justments on these mechanisms is essential,

FUEL, —Precautions should be taken to sce
that fuel iz not pumped into a eylinder while
valvea are being tested or while the engine is
being motored, since an excessive pressure may
be created in the cylinders when combustion of
the fuel takes place. When it reaches the in-
jection system, the fuel should be absalutely free
from water and foreign matter. The fuel must be
centrifuged thoroughly before use; the filters
must be kept clean and intact. Leaks of fuel into
the lubricating oil system must be avoided;
otherwise, dilution of the lubricating oil will
pecur, with consequent reduction in viscosity
and lubricating properties.

WATER, —Do not allow alarge amount of cold
water, under any circumstances to enter a hot
enging suddenly. Rapid cooling may crack the
eylinder liner and head or seizethe piston. When
the volume of circulating 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 subject to
freezing must be carefully drained, unless an
antifreeze solution is added to the water.

AIR, —When engines are stopped, all starting-
air lines must be vented; serious accidents may
result if pressure is left on. Intake air must be
kept as clean as possible; accordingly, all air
ducts and passages must be kept clean.

CLEANLINESS. —Cleanliness iz cne of the
basic essentials in the efficient operation and
maintenance of diesel engines. Clean fuel, elean
air, elean coolants, clean lubricants, and clean
combustion must be maintained.

Engines must be kept clean at all times, and
steps must be taken to prevent the accumulation
of oil in the bilges or in other pockets.

GASOLINE ENGINES
Today’'s automobile is powered with a 4-

gtroke-cycle engine desiened toburna commer -
cial grade of gasoline. The same generaltype of
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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 typical marine gasoline
engine has a compressgion ratio of about 8 to 1,
compared to an approximate ratio of as high as
16 to 1 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 sulficient fuel, spark, oil, and acool-
ing medium. To ensure this, checks are made by
responsible personnel who should observe pre-
starting, starting, and underway procedures in
accordance with mamufacturer’s instructions.

Fuel and Fueling Precautions

The following information applies, in general,
to all gasoline engine installations; it applies
more spécifically, 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 the engineroom space, this blower
must be operated for atleastfive minutes before
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
openflame lights (e.g., liphted oil lanterns) are
strictly prohibited in power boats; they should
not be permitted within one hundred feet of a boat
which is engaged in [ueling.

3. Carburetor intakes and crankcase
breather pipes must be fitted with back-fire
screens of an approved type.

6. The electrical system of the engine must
be inspected frequently to guard against grounds
and sparking to commutator brushes.

7. Extreme care must be exercised not to

spill gasoline into the bilges when fueling the
boat.
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8. During the fueling of motor launches and
motor whale boats, the engine hood or casing
must be open to permit a free eireulation of air
around the engine and thus prevent the formation
of an explosive mixture inside the casing. Do
not close the cover until the engine has been
started and is operating in a satisfactory manner.

89, Only personnel engaged in the aectual
fueling operation should remain aboardthe boat.

10, The controls of the bullt-in fire-
extinguisher system must be ready for instant
use,

11. Portable, CO, 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 of the fuel-supply hose and tothe fuel-tank
filler-neck; all component parts of the [iltering
system must be grounded.

14. Boats should not be fueled at night
or while close to one another, except in
emergencies.

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 safety
precautions listed in the operating instructions
for an engine, good judgment must be exercised
continuously and 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
of cleanliness when handling the parts of an
engine during maintenance or overhaul: and by
having a complete familiarity with the parts and
functions of the machinery being operated and
maintained. Damage to a ship or boat may be
prevented by maintaining machinery so that the
engines will be ready for service at full power
in the event of an emergency; and by taking steps
to prevent conditions which are likely to consti-
tute fire or explosion hazards.

A pgreat deal can be accomplished to avoid
personal injury by personnel having a thorough
knowledge of their duties; by the proper handling
of tools, machines, and parts; by taking normal
precautions around moving parts; and by using
safeguards 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, andthe gases of combustion are expanded
to produce useful power. In engines ofthe recip-
rocating type, compression, combustion, and ex-
pansion take place in one component, the eylin-
der. Since all three phases take placewithinone
component, the power impulse must cceur inter -
mittently or periodically as the cyele is repeated,
This is not true in gas turbine engines; instead,
compression, combustion, and expansion take
place in three separate components. Airis com-
pressed in the compressor, combustion takes
place in an adjacent burner, and a turbine {or
turbines) receives the force created by combus-
tion., The turbine (like the piston inareciproca-
ting engrine) transmits the force ofthe pasesto a
shaft which drives a useful load. Thethree basic
components of the gas turbine engine are ar-
ranged and connected so that the power output
from the terbine is steady and continuous. In
brief, the gas turbine engine can be defined as
an internal combustion engine that produces
power by a continuoug and self-sustaining proc-
ess8. An air mass is compressed and then com-
bined with atomized fuel. The resulting mixture
then burns, and the combustion gases expand
through ¢me or more turbines which change
some of the energy into useful power,

Before proceeding with a discussion of the
principal svstems and components of gas turbine
engines, vou should be familiar with the advan-
tages and disadvantages of gas turbine engines.

ADVANTAGES AND DISADVANTAGES
OF GAS TURBINE ENGINES

In addition to the development of a uniform
flow of power output, zas turbine engines have
several advantages over reciprocating engines.
However, there are certain undesirable features
of pregently available gas turbine engines which
will also be mentioned in the section which
follows.

The advantages and disadvantages of the gas
turbine engine cannot be listed in order of
importance, because the requirements of the
engine as a gource of power differ in various
applications. Note: Not all of the desirable or un-
desirable features of gas turbine engines are
dizcussed here: however, some of the more
important ones are pointed out.

Compared with other types of internal com-
bustion engines, the gas turbine engine weighs
less, takes up less space, and 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 reguired for a gasoline engine in a com-
parable application. The gas turbine adjusts to
varying loads more rapidly than other type
engines,

The number of personnel required to operate
and maintain a gas turbine engine, and the time
reguired for the training of such personnel are
much less than in the case of engines of other
tyvpes. Insomecases, only one manis 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-
guired for training operators. The time required
for training maintenance personnel is muchless
than that required inthe case of other engines be-
cause of the simplicity of design andthe smaller
mumber of moving parts in the gas turbine.

Compared to a diesel engine, the gas turhine
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 nwuch 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 reqguired for air inlet and
exhaust.

PRINCIPAL SYSTEMS AND
COMPONENTS OF A TWO-STAGE
GAS TUREINE ENGINE

The principal systems and components of gas
turbine engines discussed in this chapler are
applicable to the engines (Boeing 502) ofthe unit
shown in figure 16-1, Regardless of the particu-
lar manufacturer or of variations in design of
gas turhine engines, most of the dizcussion in
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Figure 16-1. —Gas turbine-generator unit.

thiz chapter will still be applicableto pasturbine
engines in general,

Gas turbine installations, aboard the MSB-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
figure 16-1. The gas turbine installation con-
sists of two gas-turbine penerator umits: 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 overrunning clutch permits
single engine operation of the power package.

The engines of the unit shown (fig, 16-1) are
divided into two sections or stages: a zas pro-
ducing section (first stage) which is basically a
simple jel engine, and a power output section
(second stage) which converts some of the energy
of the combustion as gases into useful power as
required by the electrical 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
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an interconnecting duct that confines the gas flow
betwean the two sections,

The gas producing section consists of acen-
trifugal 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 securedto
the extended shaft of the turbine wheel to form
the rotor assembly of the engine. This turbine
wheel is driven by the flow of expanding sases
created by burning fuel continuously in the
combustion chambers. Pressurized air for sup-
porting combustion is produced by the com-
pressar and conducted, through separate elbows,
to the chambers. The essential engine acces-
gsories 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
turhine wheel iz driven by the flow of combustion
gases from fthe first stape 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 ahead of the turbine, into aninterstape
bleed duct. For all variations in generator load,
a pate type valve, in each of two ducts, controls
the flow of combustion gases through the second-
stage turbine, as required, to maintain a con-
stant output shaft speed. These gate valves are
linked to a hydraulically actuated piston by a
speed-sensitive governor, The speed of the
second-stage wheel and output shaft is limited by
a centrifugal switch which automatically stops
the engine in the event of overspeeding.

Power from the two pas turbine engines is
combined to drivethe generator at reduced speed
through a combining reduction gear. The latter
consists of two pinions and a main rear 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-
toernal gearing drives four pad-mounted acces-
sories on the input end of the gear housing.

The general arrangement of the gas turbine
engines 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 ras turbine engine, however, will be dis-
cussed in this section of the chapter.

Fuel 0il System

The principal system of a gas turbine engine
which supplies fuel for combustion isthe fuel oil
system. This system consists of an engine-
driven pump, high pressure filter, fuel 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 wvalve, filter, and supply pump
are in the fuel supply manifold line, and a simi-
lar manual shutoff valve and filter are in the
supply line to each power package. In addition,
a separate shutoff valve is provided in the supply
line to each engine.

See figure 16-3; the fuel flows through the
system as follows: The engine-driven pump re-
celves filtered fuel from the motor -driven supply
pump at a constant pressure of approximately
15 psi. The engine-driven fuel pump increases
the pressure and forces the fuel through the high-
pressure filter to the zovernor. The governor
meters the fuel to the nozzles, as necessary,
to maintain combustion at the required rate, and
returns the excess fuel to the inlet port of the
engine-driven pump.

The [uel nozzle shutoff valve is installed in
the line between the governor and the fuel
nozzles. The fuel-pressure gage, on the engine
control panel, is connected to the line between

FUEL PRESSURE GAGE

the povernor outlet and the nozzle shutoff
valve. During engine cranking, fuel nozzle pres-
sure is maintained (between 50 and 150 psi) by
bleeding excess pressurefrom the governor out-
let line to the inlet portof the engine-driven fuel
pump. The starting fuel-bypass valve opens the
governor outlet line, which contains an orifice
that determines the amount of bleed.

VALVES. —A disktvpe shutoff wvalve, installed
in 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
unit. (The direction of fuel flow is indicated by
an arrow on the housing.)] When the valve is
closed, it shuts off the flow of fuel to the nozzles.

A solenoid, screwed into the top of the valve
body, encloses a spring-loaded plunger, which
forces the valve disk against the shutoff port.
By unlocking the throttle after a cranking speed
of approximately 5,000 rpm is attained, the sole-
noid is energized 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 nozzles.

The starting 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 wvalve is a disk type,
solenoid-actuated valve installed in the fuel-
bypass line, between the governor outlet and the
inlet port of the engine-driven fuel pump. The
starting fuel-bypass walve is open only while
the starter switch is closed, preventing exces-
sive pressure from building up (during engine
starting) in the governor outlet line.

FILTERS, —A high pressure filter is located
between the outlel port of the engine-drivenfuel
pump and the inlet port of the zovernor. The
filter consists of a two-piece housing, a re-
placeable microniec cartridge, and an internal
pressure relief valve. The two sections of the
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filter housing are screwed together and sealed
by an O-ring. The pressure relief valve is gen-
erally set to open at a differential pressure
ranging from 26 to 31 psi.

PUMPS.—A motor-driven wvane type pump
(the fuel supply pump) transfersthe fuel from the
supply tank to the fuel inlet of each engine. As
viewed from the pump end of the assembly, the
pump rotation is counterclockwise; and at 2,000
rpm, capacity is 100 to 200 gallons per hour.
The pressure range of the pump is adjustable
from 2 to 20 psi; however, thedesired operating
pressure is 15 psi.  Seal leakape drain ports
are 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 outlet
is on the right.

A gear type fuel pump, mounted on the center
pad of the accessory drive unit (fig. 16-4), is
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Figure 16-4.—Accessory drive unit and accessories.
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driven at a speed ratio of 1 to 12 of the rotor.
The fuel governor is attached to the end of the
pump body, with the pump and governor shafts
connecled together for common drive. The
engine-driven pump receives fuel from the sup-
ply pump, and forees itthroughthe high pressure
filter to the gpovernor.

NOZZLES.—Each nozzle assembly, consist-
ing of a 115-mesh screen, an insert, and a head,
is screwed into an adapter. The adapter is
threaded into a supporting horn cast in the center
rear of the 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 strainer screen and passes
through grooves in the insert to the head, where
it is discharpged through the orifice inthe nozzle
tip. Each nozzle is fow-rated at 8,5 gallons per
hour at 100 p=i, for use with diesel oil,

GOVERNOR.—The fuel povernor, shown in
figure 16-5, is a centrifugal flyweight type goy-
ernor that controls the engine speed by metering
the [low of fuel to the nozzles. The governor is
mounted on the end of the engine-driven fuel
pump, and its drive sleeve (shaft) is directly
connected to the pump shaft and rotates at the
same speed.

The drive sleeve, to which the flyweights are
attached (fig, 16-5), serves asarotating bushing
around the pilot valve plunger. Asthe flyweights
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Fipure 168-5. —Fuel control governor.
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rotate, their centrifugal force is opposed and
balanced by the speeder spring. The compres-
sion of a speeder spring can be adjusted by
moving the control arm. (The range of move-
ment of the control arm is limited by a stop ring
with high-speed and low-speed adjusting serews.)

By referring to figure 16-5, you will notice
that the governor has three ports: (1) an inlet
port connected to the high pressure side of the
engine-driven pump, (2) an outlet (metered flow)
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 differential pressure relief valve pro-
vides a pressure drop of 40 to 60 psi across
the metering port. In addition to the force
exerted by the valve spring, this valve is backed
up by the governor discharge pressure., The
ultimate pressure relief valve, inthe differential
valve plunger, opens when the governor dis-
charpe pressure exceeds approximately 450 psi.
When the metering port is closed, the minimum
flow needle is preadjusted to provide sufficient
fuel flow 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 balanced
by the farce of the speeder spring, and (3) the
pilot valve is positioned to pass the amount of
fuel required to maintain engine speed, Excess
fuel is returned 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 of the Myweizhts to overcome the speeder
spring tension, This, in turn, causes the con-
trol arm to move the pilot valve plunger so as
to decrease the flow through the metering ports.
Thus, the fuel flow to the nozzles i8 decreased,
returning the engine speed to its former rate.

If the engine speed decreases, the flyweipght
force diminighes and the speeder spring moves
the pilot valve plunger to increase the flow
through the metering ports. This results not
only 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 governor equilibrium is again es-
tablished, fuel 1z metered to the nozzles, as
required, to produce an engine speed which
corresponds with the throttle position,
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Engine Qil System

Lubrication within gas turbine engines is
provided by a circulative type engine oil system,
In addition to the lines and strainers, the major
components of the engine oil system are an oil
thermoswitch, a combination pressure-scavenge
pump, a manifold, and a pressure switch. An
external oil cooler and filter are incorporated
in the system between the pressure outlet port
of the pump and the inlet port of the nil
manifold,

0fl from the supply reservoir (one gallon
capacity), located in the forward end of the
engine base, flows to the pressure sectionof the
oil pump. At normal operating speeds, the pump
cireulates 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 unit, rotor housing, and engine reduction
gear. The line to the accessory drive unit is
connected to an oil jet which provides spray
lubrication for all acceasory-driven gears and
bearings. Oil is supplied to the rotor bearings
through internal passages in their respective
housings. Lubrication of the rotor and the en-
gine reduction is shown in fipure 16-6. 0Oil
supplied to the rotor bearings and the accessory
drive unit returns to the supply reservoir by
gravity. Oil supplied to the reduction unit
drains into a separate sump. The Sscavenge
section of the pump returns oil from the sump
to the rotor housing. From there it drains into
the supply reservoir,

Combining Reduction Gear
0Oil System

The major components of the combining gear
oil system are a pressure pump, filter, oil
galleries and spray nozzles in the gear case,
scavenge pump, breather, and associated tubing,
The oil 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 elements and bearings of the
combining gear, and the single bearing of the
generator are lubricated by a separate oil sys-
tem which also provides fluid for hydraulically
actuating the generator speed conirol system.

0il identical to that used for the engines is
supplied from a sump which forms the bottom
of the gear case. (The sump has a capacity of
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8 gallons and can be drained by removing the
cap on the outlet tee.)

il drawn from the sump flows through a
tee fitting and tubing to the oil pump. At normal
operating speed, the pump circulates oil at 12
to 15 psi, through the oil cooler and oil filter,
to an inlet [itting 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
of the combining reduction gear.

The combining gear oil-pressure indicator
is connected to a fitting on the output end of the
gear housing, and registers the gallery oil
pressure. A thermoswitch threaded into the
input end of the gear sump actuates the combin-
ing gear oil temperature warning (amber) light
when the oil temperature exceeds 180°F.

(il which lubricates the combining gears and
bearings returns to the supply sump by gravity.
A geparate pump scavenges the oil which lubri-
cates the penerator bearing and discharges it,
through an open tube, into the gear sump. 0il
removed from the galleries and used in the
generator speed control system is returned to
the galleries, 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 of the following circuits: starting, igni-
tion, indicating, warning, and safety circuits.

The starting and ignition circuits receive
power from storage batteries, and the warning
and safety circuits receive power from the ship’s
power supply panel. Power for the indicating
eircuit is self-generated by parts (for example,
the thermocouple} in the circuits,

Figure 16-9 illustrates a schematic view of
an engine electrical system. The STARTING
CIRCUIT [or each engine includes a starter
gwitch, power relay, starter motor, starting
fuel-bypass valve, and a fuel noazle shutoff valve,

The engine starter iz mounted on the lower
left pad on the rear side of the accessory drive
unit. 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.—Internal lubrication of rotor housing and engine reduction unit,

The starting [uel-bypass valve, mountedona
bracket attached to the right side of the acces-
sory drive unit, is identical to the fuel nozzle
shutofl valve. The spring-loaded, enclosed by-
pass valve is Installed between the engine fuel
inlet and the fuel nozzle shutoff walve. Elec-
trically, the bypass valve is connected in parallel
with the engine starter; both units are energized

simultaneously by battery power. In 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 IGNITION CIRCUIT for each engine,
consisting of an ipnition test switch, two ignition
boost coils, and two glow type igniter plugs, is
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Figure 16-7.—Input end views of combining reduction gear.

energized at the same time as the starting cir-
cuit. After initial starting develops steady
combustion, engine operation is self-sustaining.

A TACHOMETER GENERATOR, for each
engine, is connected to dual gages on the control
panel to indicate engine (rotor) gpeed. The rotor
(first-stage turbine) speed is recistered elec-
trically from the proportional voltage developed
by a two-pole a-c tachometer generator driven
by the accessory gearing, The tachometer gen-
erator is bolted to an adapter plate secured to
the lower right pad of the accessory drive umit.
A short coupling adapts the square drive of 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 circuit components, and the alarm horn
can be aectuated by the safety eircuit whenever
the throttle is unlocked.

A white light on the engine control panel in-
dicates the operation of the fuel supply pump.
Four amber warning lights are provided for
each engine, in order to indicate the cause of
automatic shutdown.

The low oil-pressure warning light, op-
erated by the pressure switch at the engine oil
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Figure 16-8.—Sectional view through main
gear and shaft.

manifold, turng on simultaneously 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
reason other than low oil pressure, this light
and the one indicating the cause for shutdown
will be burning (on).

The other three warning lichis for each en-
gine indicate high oil temperature, engine over-
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 overspeed 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
switeh, which will reset the actuated safety
circuit relay for future actuation.

If a throttle is wmlocked prior to engine
cranking, or automatic shutdown occurs at any
time the engine is started, the alarm horn
behind the engine control panel will sound until
the throttle is returned to its logked position
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(pushed inward) or the master switch is
turned off.

A SAFETY CIRCUIT, provided for each
engine, consists of a pressure switeh, speed and
temperature actuated switches, and associated
relays. If low oil pressure, high oil tempera-
ture, overspeed of engine, or high exhaust tem-
perature results after the engine is started,
the safety circuit will automatically stop the
engine.

Referring to fipure 16-9, notice that the
activation of the following units will result in
opening a series circuit to the sealing relay:
the o0il pressure switch, oil thermoswitch and
oil temperature relay, overspeed switch and
overspeed relay, and exhaust thermoswitch
and exhaust temperature relay.

Initially, the engine starter switches close
the sealing relay (this unit and the throttle
microswitch control the fuel nozzle shuioff
valve circuit), When the engine cranking speed
reaches approximately 5,000 rpm and the throttle
is unlocked (pulled outward), a circuit is com-
pleted, through the sealing relay and throttle
microswiteh, to open the fuel nozzle shutoff
valve to permit the flow of fuel to the burners.

During engine eranking, the cil pressure in-
creases and the oil pressure switch transfers
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 szealing relay. In this
way, a safety circuit is established to keep the
coil of the sealing relay energized, and the fuel
nozzle shutoff valve open, after the starter
switch is released,

The sealing relay is de-energized either by
locking the throttle or terning off the master
switch., In addition, the relay is de-energized
when pressure, speed, or temperature conditions
open the safety circuit which results in auto-
matic shutdown. If automatic shutdown results
from excessive speed or temperature, the
master switech must be turned off so that the
actuated relay is reset and continuity of the
circuit restored. (The actuated relay iz self-
holding after initial closure.) If low oil pressure
causes automatic shutdown of the engine and you
want to restart the engine, it will not be neces-
gary 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
pil pressure is below minimum (18 to 20 psi),
a diaphragm type pressure switeh conneeted to
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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 thermoswiteh unit, consisting of a tubulay
capillary and bellows assembly which operates
a snap-action switch through an adjustable
spring=loaded arm, is threaded into the nil
supply strainer mounting plate on the left side
of the engine. When the engine oil temperature
exceeds 265'F, the engine oil thermoswitch
cloges and energizres a relay which opens the
safety circuit. As a result, the engine is auto-
matically stopped and an amber warning light
turns on to indicate the 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 rveduction gear at a Speed
one-half of the output shaft speed, tripthe over-
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speed switch at a preset limif. At approximately
2,300 generator shaft rpm, the flvweights deflect
sufficiently to eclose the switeh, turning on an
amber Warning light, and energizing a relay
which opens the salety circuit to stop the engine
automatically. After any overspeed frip, the
switch must be manually reset by depressing
the button at the center of the switch housing.
The engine exhaust thermoswitcl, threaded
into a fitting in the outboard side of the exhaust
collector, closes when the zas temperature (at
the exhaust collector) exceeds 1,300°F. When
the switeh contacts close, the relayis enerpized
and opens the safely circuit to stop the engine
automatically. In addition, an amber light turns
on to indicate the cause of the shutdown.
Switches, instruments, and warning lights
for remote operation of the gas turbine engines
of two power packaces are on a control panel,
ag shown in figure 16-10, For simple identifi-
cation purposes, these wunits are arranged in
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Figure 16-10.=Engine control panel.
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vertical groups for each engine, with each half
of the panel containing the necessary equipment
for operational control of one power package
(port or starboard).

The wires between the switches and the
warning lights on the control panel and the
relays on the relay panel are routed through
disconnect plugs at the rear of the control panel,
All other wiring, except thermocouple leads,
for 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 generator operation, the gas produc-
ing section of each engine is operated at ap-
proximately maximum speed, to provide a
sufficient flow of combustion gases to the
power-output section of the engine. At inter-
mediate generator loads, the gas flow is divided
after it leaves the first-stage turbine; only the
flow necessary for the required power output
passes through the second-stage turbine and
exhaust collector. Excess pas is bled into the
exhaust system ahead of the second-stage tur-
bine through an interstage bleed duct, The
amount of bleed is regulated by gate type valves
in the interstage bleed and the turbine exhaust
ducts of each engine. The valve pates are identi-
fied as the waste gate in the interstage bleed
duct and the exhaust damper in the turbine ex-
haust duct. At maximum generator load, the
exhaust damper is wide open and the waste gate
is closed. Under no-load conditions, or zero
generator output, the waste gate is wide open
and the exhaust damper is closed sufficiently to
maintain the rpm of the generator within the
desired spesd range. These valve gates, as
shown in [igure 16-11, are hydraulically posi-
tioned by a separate aystem consisting of a
pump, a reliel valve, a governor, an actuator,
and mechanical linkage (from the piston rod to
the valve gates and governor spring control arm).

The following information will serve to give
you a general understanding of the operation of
the system,

With reference to the hwdraulic actuwator,
shown in figure 16-12, the speed control system
pump supplies the upper end (chambeyr A) of the
actuator cylinder with oil, through an inlet port
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near the top of the cylinder, at an approximate
pressure of 450 psi. Oil is supplied tothe lower
end (chamber B) of the cylinder at governor-
controlled pressure, through an O-ring 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 equilibrium is established when the
povernor=controlled pressure i8 one-=half that
of the pump pressure.

When the centrifugal force of the governor
flyweights is balanced by the tension of 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 end of the actuator piston. Under this
condition, the waste gates and the exhaust
dampers are positioned to pass sufficient gas
flow, through the second-stage turbine of each
engine, to maintain a constant output speed, and
the Bpeed control system ig in equilibrium.

When the generator load is decreased, an
increase in speed occurs. The centrifugal force
of the governor flyweichts compresses the
speeder spring and shifts the pilot valve. The
governor outlet port is thus opened, through the
return passage in the governor shaft bore, to
the inlet side of the pump. In this way, the
metered pressure on the lower side of the ac-
tuator piston is decreased. Forced downward,
the piston moves the mechanical linkage which
inereases the governor speed setting and simul-
taneously opens the waste gates and closes the
exhaust dampers of both engines. This action
permits sufficlent gas flow through the inter-
stage bleed ducts to maintain constant speed of
the second-stage turbine wheel of sach engine.
Thus, equilibrium is reestablished.

Conversely, an increase in the generator
load results in a decrease in rpm and flyweight
centrifugal foree. This, in turn, results in
speeder spring expansion, shifting the pilot
valyve in the opposite direction. The governor
inlet and outlet ports are then interconnected
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, mounted on a drive pad on
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Figure 16-11.—8Speed control system linkage.

the input end of the combining gear upper hous-
ing, is driven at a ratio of 1.5 to 1 of the gen-
grator. The pump receives oil from the com-
bining gear pressure galleries and transmits it
to the inlet port of the governor and to the upper
end of the actuator cylinder at an approximate
system pressure of 450 psi.

PRESSURE RELIEF VALVE. —An adjustable
relief valve, attached to a bracket bolted on one
of the inspection plates of the combining gear
upper housing, limits the system pressure. The
inlet port of the valve is connected to the pres-
sure line between the pump and the governor.
At a pressure above 450 psi, the discharge port
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of the valve opens and the oil is returned to the
combining gear pressure galleries.

SPEED CONTROL GOVERNOR.—This unit
is attached to the end of the pump body mounted
on a drive pad on the input end of the combining
gear upper housing. The governor and pump
shafts are connected together and driven at the
same speed. As shown in figure 16-13, the gov-
ernor inlet port receives oil under pressure from
the pump, and the governor outlet port is con-
nected to the lower end of the actuator cylinder.
A separate passage (return) in the governor shaft
bore allows oil to be returned to the inlet side
of the pump.
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Figure 16-12. —Hydraulie actuator.

The speed control governor is of the droop
or proportional control type; the governed speed
of the generator is hicher 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-
gists of an aluminum-bronze eylinder and a
chromium-plated aluminum-bronze piston. The
piston rod, which is integral with the piston,
cxtends through a lock-ringed aluminum-bronze
gland at the top of the cylinder, with an O-ring
providing a leakape seal. A brass roducer
bushing is threaded into a tes member of the
speed control system linkage so that the move-
ment of the piston will operate the governor
control arm, and the waste gates as well as the
exhaust dampers of both engines.

EXHAUST BACE-PRESSURE VALVE.—The
flow of combustiom gases through the second-
stage turbine is controlled by the exhoust back-
pressure valve, The valve assembly, clamped
between the exhaust colleetor and the turbine
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exhaust duct, consists of a circular gate (damper)
welded to a shaft that is supported by bosses
in the valve body. (The shaft has Stellite 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 exhaust damper and waste pate are
connected to a bell crank on the shaft extension.
{A1l parts of the valve assembly except the stop
ring are of stainless steel.}

INTERSTAGE BLEED VALVE ASSEMBLY.—
Gas flow in excess of the amount required in
maintaining constant second-stage turbine (and
renerator) speed is dumped through the inter-
stage bleed wvalve assembly. The latter is
clamped between the bleed outlet of the inter-
stage bleed nozzle duct assembly and the inter-
stage bleed duct. The wvalve assembly is a
stainless steel, 45" elbow enclosing an ellip-
tically shaped waste gate. The gate is perma-
nently mounted on a shaft supported by bosses
in the valve body, and the waste gate travels
from closed to wide open, through a 70° arc. A
lever, splined and bolted to the shaft extension,
is linked to the 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 flow through
the second-stage turbine. Without pgenerator
load, the waste pate is wide open and the ex-
haust damper is closed sufficiently to maintain
the rpm of the generator within the desired
speed range.
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Figure 1613, —Speed control governor,
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OPERATION OF GAS
TURBINE ENGINES

Prior to starting the engines, the following
ateps should be taken:

1. Remove protective covers (if installed)
from the exhaust stack outlets.

2. Remove the inside panel of the shroud on
the port and starboard sides and the outboard
port shroud, Check the level of 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 packapge and related
systems for fuel or oil leakage, and other fire
hazards.

6. Turn the flexible coupling counter to the
direction of the drive, and check the ease of
rotation of the second-stage turbine wheel and
the reduction unit gearing. At the same time,
turn the brass outer race elockwise and check
the clutch for overrun. (Partial or temporary
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 the overrun
direetion.)

Y. Check the level of the combining gear oil
supply. Add oil up to the FULL mark on the
dip stick.

8. Turn the ratchet handle on top of the
combining gear oil filter clockwise two full
turns.

8. Check for oil leakage at the forward end
of the main generator bearing,

10, See that 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:

1. Press the START switch of the fuel sup-
ply pump. (The fucl pump running indicator
light should turn on, indieating that fuel is being
gupplied to fuel inlets of all engines.)

2, Turn on both master switehes. (The oil
pressure warning lights should turn on for the
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generator set selected to be started first. The
oil pressure lights for the other set should turn
on after the oulput of the ship's service gen-
grator on the first set has reached 120 wvolts,
The alarm horn will sound if any throttle is not
locked in the ‘“CLOSED’ position, or is not
pushed inward.)

3. Press and hold the engine START switch
closed. (The starting fuel-bypass walve will
open and the ignition eircuit will be completed,
As the eranking speed increases, the fuel pres-
sure and the turbine lube oil pressure gages
should indicate a rige in pressure. The oil
pressure warning light should turn off when the
engine oil pressure reached approximately 20
p&l.) To avoid overheating the starter and igni-
tion boost coils, do not exceed any cranking
periods bevond 30 seconds, It is advisable to
allow S-minute cooling periods between cranking
cycles.

4. Observe the fuel pressure gage. If the
pressure does not increasec to at least 50 psi
before the turbine speed reaches approximately
5,000 rpm, release the START switch and deter-
mine the cause of the trouble. If the fuel pres-
gure 18 preater than 150 psi during cranking, at
5,000 rpm or less, do not open the fuel valve.
Release the starter switch and investigate the
cause of high pressure. (The trouble may be a
faulty bleed valve, too small an orifice in the
bleed line, an obstruction in the line, or a faulty
first-stage governor,)

5. Observe the turbine lube oil pressure
pare, Oil pressure should begin to register and
increase with turbine speed. However, if the
instrument is lagging, the pressure increase
may not be evident until idling speed is reached,

B. At 5,000 turbine rpm, pull the throtile
putward (unloek the throttle). This poszitions the
throttle at the ldle speed setting and opens the
fuel nozzle shutoff valve, permitting fuel to flow
to the burners. The engine should fire and
aceelerate, within 5 seconds, to approximately
15,000 rpm. (If the engine does not accelerate
to 15,000 rpm within 5 seconds, an abnormal
gtart has been encountered. In this case, push
the throttle inward, eontinue to pressthe START
switch for a few seconds in order to clear the
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 approximately 15,000
rpm is reached, release the START switch.
{The starting and ignition circuits will be
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deenergized and the starting fuel-bypags valve
will elose. Engine operation should now be
self-sustaining.)

d. U the il pressure is increasing and the
warning light remains on at idling speed, con-
tinue fo hold the switch closed until the light
goes off. If the START switch iz released pre-
maturely, the engine will shut down automati-
cally becauge of a low oil pressure, However,
if no oil pressure is indicated at idling speed,
stop the engines and determine the cause of
the trouble.

The types of ABNORMAL STARTING which
may occur are as follows:

COLD WEATHER STARTING, at low ambi-
ent temperatures (107 to 0°F), may be difficult
due to low cranking speed and insufficient
vaporization of fuel. To provide easier starting
under such conditions, engine frictional losses
can be reduced by using a lighter lubricating
oil of Specification MIL-0-2104. Fuel vapori-
zation can be improved by using a low-
temperature diesel fuel of Specification MIL-
F-16884.

1, FAILSE STARTING.—The engine will not
start. Combustion fails to occour as a result of
pither fuel or ignition trouble. If lack of ignition
is the cause, fuel will accumulate in the bottom
of the burners and the nozzle box,

2. ONE BURNER STARTING.—The engine
fails to accelerate from low-speed range he-
cause of insufficient fuel or isnition. Combustion
may not exist in one burner due to laclk of
either fuel or ignition,

3. HOT STARTING. —~The engine starts with
a low rumbling noise due to (1) igniting fuel
accumulated from a previous false or hot start;
(2} igmniting fuel accumulated from a leaking fuel
nozzle shutoff valve; or (3) poor combustion
resulting from carbon deposils either on the
fuel nozzles or the burner lners. (Allhot starts
should be logged.)

Operating Limits

The limits tabulated in the accompanying
chart have been established for engine opera-
tion. If any of these limits are exceeded, the
enging should be stopped, and the cause investi-
gated and corrected.
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Stopping the Engines

The NORMAL SHUTDOWN procedure for
stopping the gas turbine engines is as follows:

1. Turn off the generator loads by pressing
the STOP switch on the generator control panel.

2. Retard all four throttlesto approximately
24,000 rpm. Then retard the two throttles to
the generator set not supplying 120-volt d-e
power, to CLOSED position, but do not lock.
Allow the engines to operate at idle speed (ap-
proximately 15,000 turbine rpm) for one minute.
Then lock the throttles by pushing them inward.

3. Retard the throttles of the generator set
that ig still operating, to the CLOSED position
for one minute. Then lock the throttles by
pushing them inward. (Combustion should cease
immediately and exhaust temperatures should
drop rapidly. The oil pressure of the engines
will decrease, turning on the oil pressure warn-
ing lichts. The engine rotors should stop in
approximately one minute. These changes will
pecur for each generator set when the throttles
are locked, Retarding all four throttles to the
closed position will cause the generator set,
not supplving 120-volt d-¢ power, to be auto-
matically shut down due to the loss of voltage
cauging the interlock relay to open.)

4. Turn off the master switches.

A, Depress the [uel supply STOP switch.
{The fuel supply pump running light will turn off.)

In an emergency, all engines can be stopped
simultaneously by pressing either of the two
EMERGENCY OFF switches. (One of the switches
iz on the engine control panel and the other is
in the penerator room.) Either switch opens the
circuits to the fuel supply pump and power
packagze master switches., When one of the
emergency switches is pressed, the fuel supply
pump will stop, the fuel nozzle shutoff valves
of all engines will elose, and all warning and
indicator lights will turn off.

I AUTOMATIC SHUTDOWN ocecurs on one
engine, the other engine should be stopped by
following the normal shutdown procedure. The
cause of the avtomatic shutdown is indicated by
a warnhing light which will remain on until the
master gwitch ig turned off. {In event of a low
engine oil pressure, only the low oil-pressure
warning lizht will be on. I automatic shutdown
results from an excessive speed or temperature,
the corresponding warning light as well as the
oil pressure warning licht will be on.)
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OPERATING LIMITS FOR GAS TURBINE ENGINES

Operating
factors Condition Minimum MNormal Maximum
Generator
RPM . . Rated load 1, 860 rpm 1,920 rpm e R .
No load b 2,120 rpm 2,140 rpm
Auto.
SRttt - | ol e Bl e S ST 2,300 rpm
Turbine
RPM . . Cranking 4,000 rpm 5,000 rpm e
Idling 15,000 rpm
Rated speed o g e NS e bl iy 36, 500 rpm
akmentares L el e 37, 500 rpm
Turbine
oil
pres-
sure . . Rated speed | 35 psi 50 psi 70 psi
Auto,
shuldown 2inEr: I e e e [
Fuel
pres-
Bure . . Starting 50 psi 100 psi 150 psi
Rated speed o e oem x| S50:psi 500 psi
Idling speed allleEa g W=gsr || wit e
Exhuast
temper-
ature . . Continuous | .. . . .. 1150° F 1225°F
(621°C) (B8B3°C)
Auto.
shutdown i IS e | T
(704°C)
Gear
box oil .
pres-
suTe . . Rated speed | 12 psi 15 psi 17 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 il temperature warning light is on,
the engines of that power package should he
stopped by following the NORMAL shutdown
procedure,

If the automatic shutdown oecurs on the
menerator set started first and the other engine
of that set is stopped, the generator set started
last will alsc shut down automatically because
the power relay to the cooling pumps will be

interrupted due to the position of the 120-volt,
manual transfer switch.

Immediately after an automatic shutdown,
a check must be made for free operation of the
overrunning clutch on the dead engine. If the
flexible coupling and outer brass eylinder of
the overrunning clutch are not rotating, free-
wheeling is taking place. If the unit continues fo
rotate, the clutch is locked and the operating
engine must be stopped immediately; otherwise
the engine will drive the second-stage of the
dead engine without lubrication. (Second-stage

a7
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lubrication is provided by the first-stage oil
pump.)

MAINTENANCE OF GAS
TURBINE ENGINES

Detailed information on the maintenance of
a specific furbine installation must be obtained
from the appropriate manufacturer’s manual.
General information is provided in this chapter
on maintnenace of gas turbines.

Adjustment of Engine Components

The following adjustments and tests may he
accomplished, as required—at initial installa-
tion, after major overhaul, or during periodic
maintenance.

THROTTLE CONTROL. —Movingthe thraottle
from idle to full-speed position produces a
corresponding movement of the povernor con-
trol arm between the low-speed and the high-
apecd stops 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 restricted at either limit, inspect
the throttle cable for binding and rubbing., In
addition, check the cable support bracket and
the governor control arm for proper position.
Restricted throttle movement caused by inter-
forence between the governor control arm and
the heat shield of the nozzle box can be cor-
rected by bending the heat shield to chiain suf-
ficient elearance. If the holt clamping the cable
support bracket around the end of the governor
housing ig not tightened securely, the bracket
may shift; this results in the bending of the
cable. However, excessive tightness of the
clamping bolt may distort the governor housing,
For ease of throttle operation, the governor
control arm should be positioned on the serra-
tions of the governor shaft so that it is perpen-
digular 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 support
bracket and governor control arm are properly
positioned, it will be neceszary to readjust the
cable length. Disconnect the throttle cable rod
at the governor control arm and rotate the rod
end in the proper direetion. Reconnect the rod
end to the governor control arm. The throttle
cable clevis under the enpine control panel
permits similar adjustment il threading is
ingufficient in the rod end at the governor.

STARTING FUEL FLOW ADJUSTMENT.—
During engine starting, fuel pressure is re-
stricted at 50 to 150 pei, by an orifice in the
gtarting fuel-bypass line. If difficulty is en-
countered with engine starting, particularly if
any parts which affect fuel flow or pressure
have heen overhaulaed or replaced, check the
starting fuel pressure. With the throttle de-
preassed, in idle position, to elosethe fuel nozzle
shutoff wvalve, crank the engine to a starting
gpead of 5,000 rpm and observe the fuel pres-
sure indicator, T the fuel pressure is lower
than 50 psi, replace the existing orifice with
the next smaller size. II the pressure exceeds
150 psi, install the next larger size to reduce
the pressure to within the desived range. (Infer-
changeable orifices are made in 0.030, 0.035,
and 0.040-inch sizes; a0.030-inch orifice is gen-
erally installed. If the orifice is changed, the
fuel pressure should be rechecked.)

ENGINE OIL PUMP.—The engine il pres-
Bure-scavenge puinp 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 pressure ranges from 35
to 70 psi] The pump discharge 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 pressure 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 speed. (The engine oil
pressure can be increased by turning the ad-
justing screw, on the left side of the oil pump,
in a clockwise direction; turning the serew in a
coaterclockwise direction will decrease the
pressure.)

ENGINE OIL THERMOSWITCH. —This switch
is adjusted to open the safety circuit to the
sealing relay and to turn on an amber warning
lizht whenever the engine cil temperature ex-
ceeds 265°F, When maladjustment of the ther-
moswitch i1z suspected, the unit should be
removed from the oil supply reservoir strainer
mounting plate and bench-checked. Remove
the thermoswitch cover and attach a continuity
light or de-energize the circuit and checlk with
an ohmmeter across the switch terminals.
Insert the tube of the thermoswiteh into an oil
bath heated to 265" (£5) F and allow several
minutes for temperature stabilization. I the
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meter indicates a premature 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 changes the temperature setting approxi-
mately 4°F. This switch should be calibrated
after it has been operated a total of 150 hours.

IGNITION BOOST COIL.=If the boost coil
spark is weak, or there 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 of the coil to
a 24-volt d-c power supply. The ignition boost
coil, which provides high woltage for the igniter
plug, should be tested in conjunction with the
ieniter plug. When an inspection shows that most
of the eontact material has burned away, the
points on the boost coil should be replaced. (To
avoid damage to the ignition boost coil, the
igniter plug must be grounded to the coil body
when the coil is tested on the bench. In addition,
the plug must be grounded tothe engine when the
coil is tested while installed on the engine.)

IGNITER PLUG.—=When the spark gap of the
igniter plug is suspected as the cause of faulty
ignition during engine starting, disconnect the
glow cofl and high-voltage wiring, Remove the
igniter plug from the burner elbow, The electrode
gap of the igniter plug should be 0.070 to 0.080
inch, If the wire feeler gage measurement shows
that the spacing iz not within these limits, the
gap should be reset by bending the ground
electrode only. Prying against the center elec-
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 THERMOSWITCIHES are concerned,
test kits are provided for calibration which
should be accomplished every 160 hours of
operation or monthly, whichever oceurs first,

The ENGINE OVERSPEED SWITCH, which
functions to open the safety cireuitto the sealing
relay and turn on an amber light, should be
checked as follows:

1. Disconnect the actuating eylinder linkage
rod end at the exhaust damper bell eranlk and
safety wire the bell erank 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
overspeed the generator to about 2,300 rpm.)

If the switch closes prematurely, loosen the
setscrew In the side of the switch housing and
the two clamp screws which lock the large
knurled speed-adjusting ring around the switch
housing, With the overspeed switch mounting
bracket restrained, hold the terminal end of the
switch housing and turn the knurled speed-
adjusting ring clockwise, as viewed [rom the
terminal end. Omne-half turn of the speed-
adjusting ring will affect the overspeed limit
of the engine approximately 200 rpm (approxi-
mately 145 rpm of generator shaft). When
proper adjustment is achieved, tighten the two
locking serews and the setgserew., If switch
closing is delayed beyond 1,640 rpm, the speed-
adjusting ring should be turned in a counter-
clockwise direction.

If shutdowns occur, within maximum limits,
during engine operation, the overspeed switch
can also be readjusted while it is installed on
the engine. For example, if the switch closes
and causes automatic shutdown when the gen-
erator speed is 2,100 rpm, the knurled speed-
adjusting ring can be rotated elockwise approxi-
mately 2/3 of a turn to restore switch actuation
to the desired setting. This switeh should be
calibrated after every 50 hours of operation.

GENERATOR SPEED CONTROL.—The speed
control system must be adjusted so that, at full
generator load, the entire gas flow passes
through the second-stage turbine and the ex-
haust collector, and the governor controls at
the required speed.

With the exhaust back-pressure valves and
interstage bleed wvalves installed and aligned,
and the exhaust ducting removed, linkage adjust-
ment should be aceomplished in accordance with
the manufacturer’s instructions for the specific
system,

Cleaning and Inspection of Gas
Flow Components

The gas flow components of the engine in-
clude the burner shells and liners, cross fire
tube, nozzle box, interstage bleed assembly,
exhaust collector, and first-stage and second-
stage turbine wheels. These components must
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be thoroughly cleaned after they are removed
from the engine. In reassembling 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-
posgit, baked oil-residue, gcale, 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. I water
and grit blast cleaning eguipment is not avail-
able, fine dry sand or garnet grit (No. 90 or
finer) are permissible for blast eleaning.

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 concentrate the
blast in any one area, especially on thin gec-
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 c¢leaned 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 toclean the engine
parts because such solutions impair the effi-
ciency of the ingpection 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 wire hrush,
emery paper, steel wool, or cleaning solvent.
Stainless steel wire brushes or stainless steel
wool should be used in order to avoid contami-
nating the surfaces of the parts. (All gas flow
components are corrosion- and heat-resistant
alloy steel.)

Additfional information concerning inspec-
tions of gas flow components, as well as in-
gpection schedules, may be obtained from either
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the ship’s Inspection Guide or the manufac-
turer’s technical manual,

SAFETY PRECAUTIONS

When working with a gas turbine installa-
tion, give special consideration to the inlet
pressure and the exhaust gases, as well as to
the relatively hich speed and temperature of
certain sections of the gas turbine engine.

Inlet Pressure

During engine operation, anegative 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 operating the en-
gine on a test stand, the screened air inlet bell
ghould always be gecured 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 pockeis
should be free of any articles.

Overspeed Damage

Excessive overspeed of the engine can re-
gult in the failure of the compressor impeller
or either of the two turbine wheels, with the
possibility of pieces being thrown outward by
centrifugal forece., Failure of the compressor
impeller may shatter the compressor case or
glbows. If a blade is thrown from a turbine
wheel, it will probably be discharged with ex-
haust gases and cauge no external damage. At
maximum engine speeds, stand clear of those
areas adjacent fo the planes of rotation of
these components.

Surface Heat

Heat shields around the nozzle hox and ex-
haust collector, as well as the insulation on the
exhaust ducts, provide reasonable protection
from surface heat., However, touching any
portion of the engine which conducts combusti-
ble gages, or adjacent parts, can result in se-
vere burns. A cooling period of approximately
30 minutes is required before inspecting or
performing major maintenence.
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Exhaust Gases though the toxic effect of the small amount of

carbon monoxide present in the engine exhaust

Direct contact with the high temperatures is negligible, avoid continuous exposure to the

and velocities of the engine exhaust gases can exhaust fumes because they may cause head-
result in severe burns and/or shock. Even aches, eye smarting, or other irritations.
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CHAPTER17

ENGINEERING CASUALTY CONTROL

The mission of engineering casualty control
ig to maintain all engineering servicesin a state
of maximum reliability, under all conditions.
To carry out this mission, it is necessary lor
the personnel concerned to now the actionnec-
egsary ito prevent, minimize, and correct the
effects of operational and battle casualties on
the machinery and the electrical and piping in-
stallations of their ship, The prime objective
of casualty control is to maintain a ship asa
whole in such a condition that it will function
effectively ag a fighting unit. This requires ef-
fective maintenance of propulsion machinery,
electrical systems, interior and exterior com-
munications, fire control, electronic services,
ship control, firemain supply, and miscellaneous
services such as heating, air conditioning, and
compressed air 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 indireectly by creating conditions
which lower personnel morale and efficiency. A
secondary objeclive—which contributes consid-
erably to the successful accomplishment of the
first—is the minimization of personnel casual-
ties and of secondary damage to vital machinery.

The details on gpecific 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 Control Bills. These publica-
tions may vary on different ships, but in all
cases they give the organization and the proce-
dures to be followed in case of encineering
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, Engineering casualty con-
trol reaches its peak efficiency by a combination
of sound design, careful inspection, thorough
plant maintenance (including preventive mainte-
nance), and effective personnel organization and
training. CASUALTY PREVENTION IS THE
MOST EFFECTIVE FORM OF CASUAITY
CONTROL.

FAMILIARITY OF PERSONNEL
WITH PLANT OPERATION

Thorough instruction in the proper and nor-
mal operating procedures is the foundationupon
which instruetion in easualty procedures should
be hased. Before any attempt is made tocarry out
simulated casualtiss, complete familiarity with
normal operation should be gainedby all person-
nel involved, From the design viewpoint, full in-
formation upon which to base improved designs
should be contributed by the operating forces,

INFLUENCE OF DESIGN

Sound design influences the effectiveness of
cazualty control in two ways: (1) by the elimi-
nation of wealnesses which mayv 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 ecasualty 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 vitalauxiliaries,
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 minimize the occurrence of casualties
by material failures. Continuous and detalled
inspection procedures are necessary not only
to discover partly damaged parts which may
fail at a critical lime, but also to eliminate the
underlying conditions which lead toearly failure
{maladjustment, improper lubrication, corro-
sion, erosion, and other enemies of machinery
reliability), Particular and continuous attention
must ke paid to the following symptoms of mal-
functioning:

. Unusual noises.

. Wibrations.

. Abnormal temperatures.

. Alnormal pressures.

. Abnormal operating speeds.

- =L G

Operating personnel should thor oughly famil-
iarize themselves with the specific tempera-
tures, pressures, and operating speeds of equip-
ment required for normal operation, in order
that departures from normal operation will be
more readily appavent,

If agage, or other instrument for recording
operation conditions of machinery, gives an
abnormal reading, the cause must be fully in-
vestigalted. The installation of a spare instru-
ment, or a calibration test, will quickly indicate
whether the abnormal reading is due to instru-
ment érror. Anv other cause must be traced to
its source,

Because of the safety factor commonly in-
corporated in pumps and similar equipment,
considerable loss of capacity can oecur hefore
any external evidence is readily apparent.
Changes in the operating speeds from normal
for the existing load in the case of pressure-
governor-conirolled equipment should be viewed
with suspicion. Variations from normal pres-
sures, lubricating oil temperatures, and system
pressures are indicative of either inefficient op-
eration or poor condition of machinery.

In cases where a material failure oceurs in
any unit, a prompt inspection should be made of
all similar units to determine if there is any
danger that a similar failure might occur,
Prompl inspection mayv eliminate a wave of re-
peated casualties,

Abnormal wear, fatipue, erosion, or eorro-
sion of a particular part may be indicative of a
failure to operate the equipment within its de-
signed limits or loading, velocily, and lubrica-
tion, or it may indicate a design or material
deficiency. Unless corrective action can be
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talken which will ensure that such failures will
not pocur, special inspections to detect damage
should be undertaken as a routine matter,

Strict attenlion must be paid to the proper
lubrieation of all equipment, and this includes
frequent inspection and sampling to determine
that the correct quantity of the proper lubricant
is in the unit, 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, Where
auxiliaries have been idle for several hours,
particularly overnight, a sufficient sample to
remove all settled water should be drained from
the lowest part of the oil sump. Replenishment
with fresh oil to the normal level should be in-
cluded in this routine,

The presence of salt water in the oil ¢an be
detected by drawing off the settled water by
means of a pipetie and by running a standard
chloride test. A sample of sufficient size for
test purposes can be obtained by adding distilled
water to the oil sample, shaking vigorously,
and then allowing the water to settle before
draining off the test sample. Because of its
corrosive effects, salt water in the lubricaling
oil ig far more dangerous (o a unit than is an
equal quantity of fresh water. Salt wateris par-
ticularly harmful to units containing oil-
lubricated ball bearings.

CASUALTY CONTRQOL TRAINING

Casualty control training must be a continu-
ous step-by-step procedure with constant re-
fregher drills, Realistic simulation of casualties
mugt e preceded by adequate preparation. The
amount of advance preparation required is not
always readily apparent; care must be exercised
to visualize fully the consequences of any error
which may be made in handling simulated easu-
alties originally intended to be of a relatively
minor nature, The simulation of major casual-
ties and of battle damage must be precededby a
complete analysis and by careful instruction to
all participants. A new crew must be given an
opportunity to become familiar with the ship’s
piping aystems and equipment, prior to simu-
Iating any casualty which may have other than
purely local effects.

In the preliminary phases of training, a “‘dry
run’’ is a useful device for imparting a knowl-
edge of casualty control procedures, without
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endangering 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 timing of individual actions can
appear to be very realistic. Regardless of the
state of training, such dry runs should alwavs
be carried out before 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 ship
are involved, and particularly after an interrup-
tion (such as is occasioned by periods of naval
shipyard overhauls) or regularly conductedcas-
ualty training.

PROMPT CORRECTION OF CASUALTIES

The speed with which corrective action is
applied to an engineering casually is frequently
of paramount importance, This is particularly
true when dealing with casualties which affect
the propulsion power, steering, and electrical
power generation and distribution. If casualties
associated with these functions are allowed to be-
come cumulative, they may leadto serious dam-
age to the englneering installation—damage which
often cannot be repaired without loss of the
ship's operating availability. Where possible
risk of permanent damage exists, the COhas the
responsibility of deciding whether to continue
operation of equipmeni under casualty condi-
tions; and such action can be justified only where
the risk of even greater damage, or loss of the
ship, may be incurred by immediately securing
the affected unit.

To reemphasize, whenever there is no proba-
bility of greater risk, the proper procedureisto
gecure the malfunctioning unit as quickly as
posgible aven though considerable disturbance
to the ship's operations may oeccur. Although
speed in controlling a casualty is essential, ac-
tion should never beundertaken without 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 svstems. Speed inthe handling
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of casualties can be achieved only by athorough
kmowledge of 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
CONTROL

The handling of any casualty can usually be
divided into three phases: limitation of the ef-
fects of the damage, emergency restoration and
complele repair.

The first phase is concerned with immedi-
ately controlling 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 restoring, as
far as practicable, the services which were in-
terrupted ag a result of the casualty. In many
cases, the completion of this phase eliminates
all operational handicaps, excepl for the tem-
porary loss of standby units—i.e., ability to
withstand further failure. I no damage to, or
failure of, machinery has occurred, this phase
usually completes the operation.

The third phase of casualty control consists
of making repairs which will completely restore
the installation to its original condition,

SPLIT-PLANT OPERATION

A fundamental principle of engineering cas-
ualty control is SPLIT-PLANT operation. The
purpose of split-plant design is to minimize
the damage that might 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
engineering plants.

The major piping systems on most naval
ships are so arranged that the engineering
plantg may be operated either separately (split-
plant) or together (cross-connected), In split-
plant operation, the boilers, turbines, pumps,
and other machinery are so divided that there
are two or more complete and separale engi-
neering planis, Split-plant operation is used
when maximum reliability is necessary, as
when a ship is operating in enemy waters in
time of war, operating in heavy weather, ma-
neuvering in restricted waters, or engaged in
underway replenishment,
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Cross-connection valves are provided for
the main and auxiliary steam systems andother
engineering systems go that any boiler or group
of boilers, either forward of aft, may supply
steam to each engineroom, Cross-connected
operation was formerly standard for peace-
time operation, gince it iz far more economical
than split-plant operation. However, many ships
built since World War II operate split-plant
under all conditions.

Split-plant operation ig no guarantee against
devastating or widespread damage that would
completely immobilize the entire engineering
plant, bul it does reduce the chance of such
an over-all casualty, If a ship should be
operating cross-connected, for example, when
a4 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, it would be able to carry oul its mission
on the remaining engines. It is for this reason
that doctrine ealls for split-plant operation
whenever a ship is engaged in potentially haz-
ardous operations such as combat, enlering or
leaving port, and maneuvering in formation
with other ships.

Split-plant operation has proved its value
on more than one oceasion, When a torpedo
explogion wrecked one engineroom and de-
stroyed half the boilers on a cruiser, the ship
was able to steam away under ils own power
by using the undamaged plant. Had the plant
not been split, steam from the undamaged
boilers would undoubtedly have escaped through
the wrecked enginercom. The resull would
have been loss of propulsive power, loss of the
power required to control flooding, and possi-
hly even loss of the entire ship.

Fallure to understand the full meaning of
gplit-plant operation may be the cause of un-
warranted casualties, Such lack of understand-
ing caused heawvy damage to one destroyer’s
main engine, The ship was operating with the
plant split, when one boiler lost feed water,
In the process of handling the low-water casu-
alty, fireroom personnel secured the bulkhead
steam stops of both boilers. This cut off all
sleam to one engineroom. The lubricating oil
pump stopped, while the main turbine was still
turning over; and consegquently the turbine bear-
ings were wiped and the turbine hlading was
ruined., If the fireroom personnel had thor-
oughly understood the gplit-plant arrangement,
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they could have secured the stops only on the
boiler that had low water, and thus kept steam
going to the engineroom,

This casualty to the turbine would not have
occcurred 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 engine-
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 supply main
steam from the remaining fireroom,  And
finally, bulkhead stops are operable from each
gide of the bulkhead,

Split-plant operation may have to be sus-
pended because of a casualty. A destroyer
steaming at high speed with all boilers in oper-
ation might be forced to secure one boiler
because of a ruptured tube. The ship should
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 fire-
room must be secured because of casualties,
the two plants should then be eross-connected
o that the boilers in the intact fireroom are
supplying steam to both enginerooms.

The foregoing examples prove the wvalue of
operating ships with the machinery plant split,
and also indicate the need for a complete
understanding of all that is involved In split-
plant operation. The intelligent application of
good engineering prineciples should prevent se-
rious damage to associated machinery when a
single unit suffers a casually,

FUEL OIL SYSTEM

The fuel oil system is generally soarranged
that, by means of fuel oil booster and transfer
pamps, suction can be taken from any fuel oil
tank on the ship and the oil pumped to any other
fuel oil tank. Fuel il service pumps are then
used to supply oil to the boilers from the serv-
ice tanks., In split-plant operation, the forward
fuel oil service pumps are lined up with the
forward service tanks and the after service
pumps are lined up with the after service tanks.
The crosg-connecting valves in the [uel oil
transfer line must be closed except when oil
ig being transferred.
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The main reason for securing the fuel oil
eross-connecting lines is to prevent major
casualties, For example, if all boilers were
being supplied fuel oil from the same set of
tanks and one tank was ruptured by a torpedo,
or a near-miss bomb or shell, the entire fuel oil
system would become contaminated with salt
walter, the fires would go out, propulsive power
would be lost, and the ship would stop dead in
the water,

Some ships are provided with sluicing lines
that make it possible to sluice oil (or water]
from one side of the ship to the other. These
sluicing wvalves should be kept closed when
they are nol being used. Thisisalso true for all
manifold valves. This precaution will prevent
the movement of any liquid from one tank to
another in the event of damage.

On some ships, the fuel oil service system
is so arranged that it can be operated either
split-plant or cross-connected, all the way up
to the burners.

FEED WATER SYSTEM

Because of the need for enlire reliability of
the feed system, feed and condensate systems
are usually operated split-plant rather than
crogs-connected., In fact, on some ships it is
not possible to cross-connect the feed systems
at all,

During split-plant operation the main leed
system may be divided into two or more sepa-
rate and complete systems. In an operation of
this type the after boilers would be supplied
from the after deaerating feed lank by means
of the afler booster and main feed pumps; the
same principle would apply to the forward sys-
tem. In splitting the plant, use as little of the
feed piping svstem as possible and isolate the
rest of the system so as to reduce the area
subject to casualties. Keep the emergency feed
pumps warmed up and in a standby condition,
reclreulating on cold suetion, ready to supply
[eedwater to the bollers in the even! of a cas-
ualty to the main feed and booster pumps.

MAIN STEAM SYSTEM

The main steam system varies somewhat
from on¢ ship lto another, depending upon the
distribution and arrangement of the boilers and
the main engines, The main steam system is
usually a relatively simple system,

Smaller types of ships may have the forward
and the after system cross connected to form a
complete system throughout the enginerooms
and firerooms, whereas larger types of ships
have independent forward and after systems. The
method of supplying steam tothe propulsion tur-
bines, however, remains essentially the same.
Cn small combatant ships the main steam sys-
term ig aplit fore and aft to form two separate
systemsda. On large combatant ships there are
no main steam connections between the two
forward and the two after plants, and the main
steam is split athwartships; this gives a total
of four separate main steam systems. Valves
are provided at strategic points, such as at
bulkheads and at the boilers, to permit effective
isolation in case of damage.

AUXILIARY STEAM SYSTEM

The auxiliary steam system thal supplies
saturated steam for the operation of auxiliary
machinery is one of the most complex engi-
neering systems on the ship. On ships having
M-type boilers, auxiliary steam is taken from
the steam drum and is at approximately steam
drum pressure. Onintegral superheater boilers,
auxiliary steam comes from the desuperheater
putlet. On ships having high-pressure boilers,
the auxiliary steam is taken through recducing
valves thatl lower the pressure to about 600 psi.
In each cage, the B00-psi auxiliary sleam svs-
tem algo supplies steam toanumber of reduced-
pressure systems.

Since all auxiliaries except the turbogener-
ators operale on sleam taken from the 600-psi
system or one of ils reduced-pressure
branches, an adequate pressure must always
be maintained in this system. Emergency
demands for steam (such as a sudden require-
ment for full-power astern operation) could
reduce the pressurc in the puxiliary steam
systemy to the point where fuel pumps, feed
pumps, forced dralt blowers, eclreulating
pumps, and all other vital auxiliaries would be
seriously endangered,

ENGINEROOM CASAULTIES

For each class of ships, the type commander
formulates engincering casually procedures
which are applicable to the specific type of
engincering plant, This section contains infor-
maiion on typical engineroom cagualties and the

486



Chapter 17—ENGINEERING CASUALTY CONTROL

general procedures recommended by the Naval
Ship Systems Command for the control of each.
Consult the ship’s Engineering Casually Contraol
Manual for engineering casualiy procedures on
your ship.

PROPULSION AND AUXILIARY
MACHINERY

In the event of a casualty to a component
part of the propulsion plant, the principal
doctrine to be impressedupon operating person-
nel is the prevention of additional or major
casualties. Under normal operating condi-
tions, the safety of personnel and machinery
should be given [irst consideration. Where
practicable, the propulsion plant should bhe
kept in operation by means of standby pumps,
auxiliary machinery, and piping svstems. The
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, 5o that major re-
pairs are required to place them back into
operation. In case a casualty occurs, the
officer or CPO in charge of the wateh should
be notified as soon as possible; he in turn must
notify the OOD if there will be any effect on the
ship's speed or on the ability to answer bells.

JAMMED THROTTLE

If the ahead throttle valve jams open, close
the puarding valve or the main line stop valve,
To remedy the situation in an extreme emer-
gency, the astern throttle may be used.

If the astern throttle valve jams open, close
the line stop valves. To remedy the situation
in an extreme emergency, open the ahead
throttle. If necessary, the ship can be oper-
ated by means of the guarding valve,

NOTE: On some new combatant shipg, the
cuarding valve controls the steam to both the
ghead and astern throttles. In suech cases,
should either throttle jam, the casualty is con-
trolled by closing the puarding valve., The shaft
cannot be stopped by using the opposite throttle,

Loss of Steam Pressure
in the Engineroom

In the event of a loss of steam pressure, the
following action should be taken:
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1, Close the main throttle and trip the
turbogenerator to prevent the main steam pres-
sure from dropping below the designated mini-
mum operating pressure, normally about 75
percent of the rated pressure, If the elec-
trical load is split, the bus tie between the
two main switchboards must be closed imme-
diately, pending supply of steam to the turbo-
generator from the other plant.

2. Open the main and the turbogenerator
steam cross connections,

3. Open both auxiliary steam cross-
connection valves.

4, Secure the boiler stop valves.

5. Bhift to electrical auxiliaries as desired.

Locking and Unlocking of
Shaft Underway

In locking the shaft, the following action
should he taken:

1. Stop the main shaft by means of the
astern furbine.

2. Slow ship’s speed to one-half full power
speed or less, if necessary, or to the desig-
nated locking speed.

3. Engage the turning gear al locking shaft
speed, and immediately apply the brake,

4. Note the astern steam pressure and the
ship’s rpm on the other shaft{s), when the
shaft is held stationary for locking.

5. Close the astern throttle slowly.

In unlocking the shaft, the following action
should be taken:

1. Reduce the temperature of the main
steam as much as practicable.

2. Bring the ship to the same speed (rpm)
at which the shaft was locked.

3. Open the astern throttle until the same
astern stearh 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 close the astern throttle.

6. Open the ahead throttle and slowly bring
the main shaft up to the speed required for the
operation of the ship.
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CAUTION: If the shaft has been locked for 5
minutes or more, the turbine rotors may have
become bowed, and special precautions are
recommended. Before the shaft is allowed to
turn, men should be stationed at the turbines
to check for unusual noises and vibration. When
the turning gear is disengaged, the astern throttle
should be slowly closed, the torque produced by
the propeller passing through the water will start
the shaft rotating. If, when the propeller starts to
turn, vibration indicates a bowedrotor, the ship's
speed should be reduced to the point where little
or no vibration of the turbine is noticable and
this speed should be maintained until the rolor
is straightened. If operation at such a slow speed
is not practicable, the turbines should be slowed
by use of the astern throttle, tothe point of least
vibration but with the turbines still operating in
the ahead direction. When the turbines are
slowed to the pcint of little or no vibration, the
shaft should be operated at that speed and the
ahead throttle should be opened slightly to per-
mit some steam [low through the affected tur-
bine. The heat from the sleam will warm the
ghaft and aid in straightening it. Lowering the
main condenser vacuum will add additional heat
to the turbines; this will inerease the exhaust
pressure and temperature,

As the vibration decreases, Llhe astern
throttle can be closed gradually, allowing the
speed of the shait to increase, The shaft speed
ghould be increased slowly and a constant check
for vibration should be maintained. The turbine
is not ready for normal operation until vibra-
tion has disappeared at all possible speeds.

Vibration

If the TURBINE BEGINS TO VIBRATE, the
following action should be taken:

1. Slow the turbine and reduce the super-
heat temperature, A rumbling noise probably
indicates the presence of water in the casing,
eéither from boiler priming or from inadequate
casing drainage.

2. U the turbine has been standing more
than § minutes without being spun, it is prob-
able that the rotor has bowed lemporarily.
Usually a brief slowing of the turbine will
permit the rotor shaft to giraighten.

I the SHAFT VIBRATES EXCESSIVELY,
the following action should be taken:
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1. Slow the engine. Speed up the other en-
gine to maintain speed.

2. I vibration continues, slow all engines
until the cause of the trouble can be deter-
mined.

3. Inspect the main shaft bearings and the
bulkhead stuffing glands.

4, I feasible, investigate the propeller,
the fairwaters, and the rope guards,

5. I vibration continues and is excessive
at required speeds, stop the shaft and lock it.

Noises

In the event of a METALLIC NOISE in the
turbine, the following action should be taken:

1. Stop the turbine.

2. Lock the shaft and do not operate until
the cause of the noise hag been determined
and remedied.

In the event of an UNUSUAL NOISE IN THE
REDUCTION GEAR and if tooth fallure is not
probable, the following action should be taken:

1. Slow the engine immediately, and stop it
if the noise persists.

2. Check the oll discharge pressure, the
temperature of the bearings, and the operation
of oil sprays; check the strainers for the
presence of babbitt or foreipn matter,

If a LOUD OR ROARING NOISE is heard,
proceed to (1) stop the engine and check the
shaft immediately, and (2) lock the shaft and
as far as the ship’s operations permit, make
a preliminary investigation.

Hot Bearings

If the turbine bearings are hot, the following
action should be taken:

1. Check to see that a proper amount of ofl is
being discharged from the cooler and that an
adequate supply is being discharged to the
hearings,

2. Slow the engine, if necessary, to main-
tain a bearing temperature within the limit
defined by the manufacturar, or as experience
dictates,

3. Place burlap or rags over the top of the
bearing housing, and run a slow siream of
salt water over the housing. Care should be
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taken that the water is 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 reduction gear bearings, do
not operate gears, except in an emergency,
until the bearings have been examined, Wiped
bearings would permit pinion or shaft mis-
alipnment, and thereby result in uneven wear
of the gears.

If the TURBINE OR SHAFT BEARING BE-
COMES OVERHEATED, the following treat-
ment is recommended:

1. Once the bearing temperature has been
reduced from the critical range by methods
listed under turbine bearings (mentioned pre-
viously), proceed at a speed that will keep the
bearing temperature satisfactory.

2. If overheating has not caused damage fo
shaft packings, overheated bearings may be op-
erated at moderate speeds; however, the bearing
should be replaced as soon as possible.

3. If the bearing damage is believed to be
greater than assumed above, turn over the
shaft at a minimum speed to prevent the bear-
ing from freezing. Then stop and lock the
shaft, Continue operation of the forced lubri-
cation system,

4. Operate the lubrieating oil purifier con-
tinuousaly to remove any flakes of babbitt, or
other foreign matter, which might become
entrained in the oil system.

Cruising Turbine Out
of Commission

If the eruising turbine doesn’t operate prop-
erly, the following action should be taken:

1. Disconnect the cruising turbine.

2. Inserl the locking device,

3, Becure the walves, gland seal, gland
leak-off, and drains of the cruising turbine.

Loss of Vacuum

The major causes of a loss of vacuum are:
excessive air leakage into the vacuum system,
improper functioning of the air-removal equip-
ment, improper drainage of condensate from the
condenser, insufficient flow of eirculating water,
and high injection temperatura,

1. EXCESSIVE AIR LEAKAGE INTO THE

VACUUM SYSTEM may be caused by:
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a. Insufficient gland sealing steam.

b. Vent wvalve on idle condensate pump
open.

¢. Loop-seal filling valve open.

d. Bypass valve on drain tank open,

¢, Drain tank float valve stuck open.

1. Taking make-up feed from empty
feed bottom,

g, Leakape of flanges, fittings, or
valve stem packings under vacuum.

2. IMPROPER FUNCTIONING OF THE AIR-
REMOVAL EQUIPMENT may be due to:
a. Insufficient steam to the air ejectors.
b, Foreipn matter lodred in the air ejec—

tor nozzle(s).

¢. Erosion of the air ejector nozzle, over
a period of time,

3. IMPROPER DRAINAGE OF CONDEN-
SATE FROM THE CONDENSER may be
causged by;

a. Low speed of condensale pump, indi-
cating malfunctioning of the pump’s
gpeed-limiting governor.

b. Condensate pump air-bound because
of the vent connection from the first
stage being closed or not opened wide,

4. INSUFFICIENT FLOWOFCIRCULATING
WATER may be caused by:

a. Improper adjustment of the owver-
board discharge walve (the main in-
jection valve being wide open whenever
the condenser is under vacuum),

b. Inadequate speed of the main circu-
lating pump.

¢. Plugged tubes, resulting from mud,
shells, small fish, or kelp 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 absolute pres-
sure) obtainable in aspecific plant, assuming the
condenser, associated equipment, and piping
under vacuum to be clean and properly operated.
Whenever there is a loss of vacuum, the first
step in correcting the trouble is to locate the
cause of the ecasualty. The major possible
causes are so numerous that no attempt will be
made to list the proper action required for each
one. The required action may be very simple,
such as closing the loop seal filling valve, or it

may be much more complicated, such as clean-
ing the main condenser or replacing air ejector
nozzles,
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Leak in Condenser

If a condenser salinity indicator shows arise
in the chloride content, the source of the con-
tamination must be determined immediately.
To locate these sources, test the [resh water
from different units in the system by checking
the proper salinity indieators (if installed) and
by making chemical chloride tests, There are
four major causes of a salty condenser:

1. Leaky tube(s) in the condenser.

2. Make-up feed tank salted up.

J. Low pressure drain tank salted up.

4, Leaky feed suction and drain lines which

run through the bilges,

Each of the aforementioned possibilitie s must
be investigated to determine the source of the
contamination and its elimination.

If it i5 determined that there is a minor
leak in the condenser and the ship'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 these conditions it will be nee-
essary to blow down the boiler(s) as necessary,
to keep the boiler salinity within the specified
limit,

However, if the leak is serious, the following
action should be taken:

1. Stop the engine and lock the shaft.

2, 8hift drains, auxiliary exhaust, and turbo-
generator exhaust to the auxiliary con-
denser,

3. Retain the main lubrication oil system in

operation, and proceed on the other
engine(s).

4. Test the condenser and plug the leaking
tube(s).

For the procedure in locating and plugging
leaking condenser tubes, refer to either the
manufacturer’s technical manual for the spe-
pific egquipment or the Bureauof Ships Technical
Manual,

Cooling Water to Auxiliaries Fails

If the cooling water to the auxiliaries [ails,
proceed as follows:

1, Take eooling water from the firemain or
{a) cross-connect cooling main, (b) start pump(s)
a8 NeCesSAry,

2. A portable gas-driven pump and hose may
be used if other means fail.

FEED WATER SYSTEM

In this section, discussion of feed water sys-
tem casualties is limited to the procedure to
follow when suction is being taken from an empty
feed Dbottom and the deaerating feed tank,

Casualty to Deaerating Feed Tank
(DFT) Split-Plant

In the event of a casualty to a deaerating
feed tank when steaming split-plant with all
deaerating feed tanks in use, the following action
should be taken:

1. Open to the unaffected plant the cross-
over valves in the condensate system, the
main-feed system, the auxiliary exhaust
steam line, the high pressure draing, and
the fuel-oil heater drains.

2. Secure the hoiler.

3. Secure the main-feed pump(s) and the
booster pump(s}

4, Secure the exhaust steam to the damaged
DFT.

5. Secure the high pressure drains to the
damaged DFT.

6. Secure the fuel oil heater drains to the
damaped DFT.

7. Becure the condensate discharge valve
to the damaged DFT.

8., Secure the recirculating system and all
the wvent wvalves on the damaged DFT.

Casualty to Deaerating Feed Tank
{Cross-Connected Plant)

If a easualty to the DFT occurs when the ship
is steaming with a cross-connected plant and has
one deaerating feed tank in use, the following
action should be taken:

1. Start the main-feed booster pump and then
the booster pump(g) in the opposite en-
gineroom.

2, Secure the main-feed pump(s), and the
main-feed booster pumps in the engine-
room having the casualty to the DFT.

3. Secure the condensate discharge to the
damaged DFT, and discharge it into the
opposite DFT.

4, Becure the exhaust steam to the damaged
DFT and route it to the opposite DFT,
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5. Secure the high pressure drains to the
damaged DFT, and route them to the op-
posite DFT.

6. Secure the fuel-oil heater drains to the
damaged DFT, and route them to the op-
posite DFT,

7. Secure all the wvent valves and the re-
circulating valves on the damaged DFT.

8. Open the venl on the DFT being placed in
service, and shift make-up feed to the
opposite engineroom.

Deaerating Feed Tank Water Level
Drops During Steady Steaming

If the deaerating feed tank water level drops
during steady steaming, ACTION to be taken is
as follows:

1. Check operation of main condensate pump,

2. Check recireulating valves on main con-
densate line. (Close valves if they are
open.)

d. Check water level in main condenser and
start standby main condensate pump if
waler level is too high.

CAUTION: This is to be done gradually,
keeping close waich on auxiliary exhaust
pressurea,

4. Check other engineroom(s) for excess
feed water conditions.

5. I all these conditions are normal, take
on make-up feed.

Deaerating Feed Tank Too Full

If the deaerating feed tank is too full, the
ACTION lo be taken is as follows:

1. Check feed booster pump operation.

2. Check make-up feed valve, ensure it is
closed.

3. Open excess feed valve, deaerating feed
tank to feed bottom, or if other engine-
room can take the excess feed, open con-
densate crossover and secure condensate
to deaerating feed tank,

Empty Feed Bottom in Use for
Make-Up Feed

The following actions should be taken withan
empty feed bottom in use for make-up feed.

1. Shift to another
for make=-up feed.

reserve [eed botlom
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2. Refill the empty feed bottom by one of the
following methods:

a. Distill to the empty [eed tank.

b. Use the emergency feed pumpto trans-
fer feed water from the opposite feed
tank to the empty feed tank,

c. Open the exceszs feed walve or the
DFT run-down wvalve to the empty
feed tank.

LUBRICATING SYSTEM

It must be impressed on all operating per-
sonnel concerned with the ship’s lubrication sys-
tem that even a momentary loss of flow of
lubricating oil will result in localized over-
heating and probable slight wiping of one or
more bearings, Such wiping may resull in
only a4 momentary rise in the temperature of
the lubricating oil discharge from the bear-
ing{s). Damage can be prevented or minimized
by stopping the shaft rotation and quickly re-
storing the lubricating oil flow. Continued
operation with wiped bearings will cause se-
rious derangement to the shaft packings, oil
seals, and blading.

Loss of or Low Lube Oil Pressure

Operaling personnel must thoroughly under-
stand the precautions and the procedures to
prevent low lubricating oil pressure,

The loss of lubricating oil pregsure 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 main lubricating oil pumps.

Component parts of the lube oil system may
fail because of the presence in these parts of
dirt, rags, or other foreign matter. Failure of
the system may be caused by apiping failure, by
a failure of the operating pump, or by failure of
the standby pump to start. Standby pumps should
be maintained ready to start the moment the
pressure drops below the prescribed operating
range. U automatic-starting devices are not
available on steam-driven pumps, the pumps
must be lined up so that opening the throttle is
the only action regquired to start the pumps.
Steam supply lines to standby pumps should be
drained continuously, Where electrical pumps
are installed, personnel must be thoroughly fa-
miliagr with alternate sources of power,
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The general procedure to be followed when
lube oil pressure is lost is as follows:

1.
2.

Tu

8.

Close the ahead throttle,
Open the astern throttle until the shaft
stops.

a, Simultaneously with steps 1 and 2,
attempt toregain lube oil pressure.

b. Slow the ship's speed to 1/2 power
or less, if ship has more than one
SCTEW,

When the shaft is completely stopped,
engage the jacking gear and apply the
brake. Secure gland sealing steam and
main air ejectors.

Close the astern throttle slowly. If ship
has two or more screws, speed may now
be increased to the limit for locked shaft
operation.

Every effort should be made to regain
lube oil pressure,

a. Check the lube oil pump in use.
{If motor-driven, check normal
and alternate power supplies; if
turbine-driven, check the throttle
valve and constant pressure gov-
ernor.)

b. Shift and inspect the duplex strain-
ers, check for flakes of babbitt and
other metal.

c. Any oil leaks should be found and
repaired, I there isan oil leak,
bilzes should be flushed and
pumped.

If, during split-plant operation, a lube oil
casualty is due to a loss of steam pres-
sure, take WAY off the ship by backing the
other engine(s), If cross-connecting will
not cause a loss of steam to the other
plant, open the main steam and auxiliary
steam eross-connecting valves, Il cross-
connecting would affect the other plant,
isolate the damage and then cross-connect
the main and auxiliary steam systems.
Ispect all bearings to see if any have
overheated.

Start the purifier if it is not in use.

Following a machinery derangement caused
by the failure of the lubricating oil supply, a
thorough examination of the main reduction-gear
bearings may be impracticable; however, the
following information should be considered when
such a casualty is being investigated:
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1I

2.

1'

B.

The oll-strainer basket in use should be
examined for the presence of babbitt
flakes.

All turbine and cruising reduction-gear
bearings should be thoroughly inspected.
{In the event of loss of oil pressure, the
cruising reduction-gear bearings are the
first to be damaged.)

The main reduction-gear bearings canbe
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 of the
two high-speed pinions is the same as
that of the respective turbine rotors. The
speed of the bull-gear shaft isthe 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.

The high-speed pinion and the intermedi-
ate-speed pinion bearings of the main
reduction gear should be examined,
through the inspection openings, for pos-
sible flow of babbitt from the bearings.
Check for oil flow through the reduction
gear bearing sight flow indicators. An
ahsence of flow or a reduced flow through
a sight [low 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 shown on
the thermomeler,

I the turbine bearings are found to be in
good condition, it can be assumed that the
main reduction-gear bearings are alsoin
cood condition.

H a partial examination of the main reduc-
tion-gear bearings shows no indication of
wiping and only one of the turbine and
eruising gear bearings is found to be
wiped, the shaft may be operated at the
minimum 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-
pair activity.

It several of the bearings for the high-
pressure turbine, and especially those for
the low-pressure turbine, are found tobe
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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ghaft should not be operateduntil the high-
speed pinion bearings have been thor-
pughly examined. If these bearings are
wiped, the intermediate-speed gear and
pinion bearing should be inspected. When-
ever possible, these inspections and re-
pairs should be made at anaval shipyard.

The preceding procedure applies when the lu-
bricating oil pressure of the entire system is
lost. However, if it is noted that a turbine bear-
ing is overheated because of a local loss of oil
or because of the presence of foreign matter,
and it becomes necessary to shut down the
turbine, it should be slowed down, and kept op-
erating at a slow speed, until the bearing and
journal have cooled to a safe temperature, If
the shaft is stopped gquickly, the bearing metal
may [reeze to the shaft and thereby make re-
pairs much more difficult.

Cooler Tube Carries Away

When a tube of the lubricating oil cooler car-
ries away, the action to be taken is as follows:

1. I it is permissible to reduce the speedof
the ship, bypass the cooler; and strike
down oil from the storage tank to the sump
to restore the working level.

2. I it i5s not permissible toreduce the speed
of the ship sufficiently, or if the oil leak
is not serious and there is an adequate
supply of oil on board, increase the lu-
bricating oil pressure so that oil will
leak into the waterside of the cooler; and
pump make-up oil into the sump tank.
The cooler can be bypassed, and the
water level in the pump, and the condi-
tion of the resulting emulsion should be
checked immediately prior to making a
decision to leave the turbine running.

Lubricating Oil Leak Into Engineroom

When lubricating oil leaks into the engine-
room, the action to be taken is as follows:

1. If permissible, stop the engine.

2. If it is not permissible to secure the en-
gine, plug or patch the leak so as to stop
oil loss and prevent the creation of afire
hazard,

3. Inspect the oil level in the sump; strike
down purified make-up oil as necessary.

High 0il Level in Reduction Gear Sump

If a easualty of this type ocecurs, the action
to be taken is as follows:

1. Obtain permission from the OOD to slow
the engine.

2. Pump down the sump tank to the proper
level.

3, Determine the source of trouble andcor-
rect it.

Excessive 0il Pump Discharge
Pressure

If the diseharge pressure of the oil pumpbe-
comes excessive, the action to be taken is as
follows:

1. Inspect the consiant-pressure pump gov-
ernor for proper operation,

2. Inspect the strainer and all parts of the
lubricating oil system for restrictions of
oll flow.

3. Check all bearing and reduction gear
temperatures. A clogged strainer or a
pipeline restriction may greatly reduce
the amount of oil being delivered to the
lubrication system, thus causing over-
heating of the bearings and gears.

DIESEL ENGINE CASUALTIES

Because of the complexity of diesel engine
installations in the Navy, personnel should be
familiar with casualty control procedures, Such
information can be obtained from manufacturers’
technical manuals, pertinent type commanders
instructiona and the ship’s Engineering Casualty
Control Book. Typical diesel engine casualties
are discussed in the paragraphs which follow.

Broken Injector Tip

If an injector tip has broken, the following
procedure should be used:

1. Cut out the faulty injector.

2. Notify the engineer officer and the bridge
of the casualty and request permission to secure
the engine for repairs.

3, After permission has been obtained,
secure the engine, remove the injector and re-
place it with a spare, following the procedure
as outlined in the appropriate maintenance
manual.
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4. After repairs are completed, test theen-
gine operation. If it is operating properly,
report to the engineer officer and the bridge.

Broken Cylinder Liner

If a eylinder liner has broken, the following
procedure should be used:

1, Becure the engine,

2, Report to the engineer officer and the
brideze and request permission to proceed with
repairs,

3. Remove the head and piston; pull the liner
which has broken, and replace it with a spare
liner, following the procedure as outlined in the
engine maintenance manual,

Main Engine Lube 0Oil Pressure Fails

If the main engine lube: il pressure has
failed, the [ollowing procedure should be used:

1. Secure the engine immediately.

2. Notify the engineer officer and the bridge.

3. Check the system thoroughly, including
the oil level, piping, [ilters and strainers, and
the lube oil pump.

4, After repairs have been completed, notify
the englneer officer and the bridge.

Freah Water Leakage in a Desipnated
Cylinder

If {resh water has leaked into a cylinder, the
following procedure 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
ingpection plate from the eylinder. Inspeect the
paskets and seals and the eylinder liner thor-
oughly,

3, If the trouble is not located, the engine
head must be removed and inspeetion made to
locate trouble.

4. Nepair as necessary.

5. Test the engine,

6. I the engine tests satisfactorily, reportto
the engineer officer and the bridge.

Fresh-Water Pump Fails

If the fresh-water pump has failed, the follow-
ing procedure should be used:
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1. Check the pump. Be sure that the pump
is not airbound.

2. I the pump is not airbound, report the
casualty to the engineer officer and the bridge,
and request permission to secure the engine
for repairs.

3. When permission is granted, secure the
engine, remove the pump and repair or replace
with a spare,

4, Test the engine; if it ig operating properly,
notify the engineer officer and the bridge.

Speed Governor Fails

If the speed governor has failed, the following
procedure should be used:

1. Control the engine manually,

2. MNotify the engineer officer and the bridge,
and request permission to secure the engine
for repairs.

3. Check the governor control mechanism.

4, Check the linkage {or hinding or sticking.

5. Check the lubrication.

6. Make repairs. When they are completed,
start the engine and check its operation. If it is
operating properly, notify the engineer officer
and bridge,

Fuel DIl Pregsure Fails

If the fuel oil pressure has failed, the follow-
ing procedure should be used:

1. Use the hand priming pump lo keep the
engine operating while inspection is being made
to determine the cause of failure,

2. Check the entire fuel system, including
strainers, amount of fuel in day tank, fuel lines,
pump, and relief valve.

3. Notify the engineer officer and the bridge,
when the trouble is located. Request permission
to secure [or ropairs,

4, Test the engine. If it is operating prop-
erly, reporl to the engineer officer and the
bridge.

Lube 0il Temperature Rises Above Normal

If the lube oil temperature has risen above
normal, the following procedure should be used:

1. Check the lube pil pressure.

2. Check the salt-water pump discharge
pressure and the temperature of the cooling
water,
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3. Check fthe fresh-water level in the ex-
pansion tank.

4, Check
wvalves,

%, Vent the fresh- and salt-water pumps,

6, Check the thermostat control valve tothe
salt-water and fresh-water heat exchanger, for
proper operation.

7. Report any trouble found io the engineer
officer and the bridge, and request permission
to secure the engine for repairs.

8. After repairs are completed, check the
engine and if it is operating properly, report
to the engineer officer and the bridge.

the sea suclion and overboard

Engine Cooling Water Temperature
Rises Above the Allowable Limit

If the engine cooling water temperature has
rigsen above the allowable limit, the following
procedure should 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 discharge
valves,

4, Vent the fresh- and salt-water pumps.

5. Check the temperature regulating valve
setting and operation.

6. I at any time conditions warrant secur-
inz engine, secure and notify the bridge and the
engineer officer,

T. Make repairs, test cut the engine, and if
it is operating properly, notify the engineer
officer and the bridge,

FIREROOM CASUALTIES

There are many fireroom casualties which
require a knowledge of preventive measures and
corrective measures. Some are major, some are
minor; but all can be serious. These casualties,
together with related preventive and corrective
measures, are discussed inthis section, Many of
these casualties can lead to other casualties
which ean be even more serious. Thereforeit is
necessary to know instantly and accurately what
to do for each casualty. Stopping to find out
exactly what must be done for each casualty could
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mean loss of life, extensive damage to ma-
chinery, and even complete failure of the en-
gineering plant,

This section takes up the procedures for
handling some of the most common fireroom
casualties. The wvarlous casualties are dis-
cussed separately, but it is important to re-
member that casualties tend to be cumulative
in effect, Ome thing leads rapidly to another.
Loss of fuel oil suction, for example, will
reguire that the burners be secured. When
the Dburners are out, there is a logs of
auxiliary steam and electric power; steam-
driven or electrically driven auxiliaries can-
not be operated., Without auxiliaries, air can-
not be supplied to the furnace or feed water
to the boiler. Thus any casualfy may lead to
others even more serious. Prompt action must
be taken to control even minor casualties, in
crder to avoid a sequence of trouble which could
lead ultimately to the total failure of the en-
ginecring plant.

The discussion of fireroom casuallies inthis
section is intended to provide a general idea
of how casualties should be handled. This
information should be supplemented by study of
the cagualty control information given in the
Bureau of Ships Technical Manual, chapter 9880
{88), section II, and by study of the casualty
control instructions issued by the engineer
officer on your own ship.

Maost of the casualties discussed in this sec-
tion are treated in a step-hy-step way: first
one  step is performed, then another, then
another, and so forth. In handling actual cas-
ualties, however, this step-by-step approach
will probably have to be modified. Different
circumstances may require adifferent sequence
of steps for conirol of a casualty. Also, in
handling real casualties several steps will have
to be performed at the same time, For example,
main control must be notified of any casualty
to the boilers or to associated equipment. If
“MNotify main control” is listed as the third
step in confrolling a particular casually, does
this mean that the main control is not notified
until the first two steps have been completed?
Not at all. Notifying main control ig a step
that can usually be taken at the same time
other steps are being taken, It is probably
helpful to learn the steps for controlling cas-
ualties in the order in which they are given;
but do not overlook the fact that the steps may
have lo be performed simultaneously.
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Casualties in the Control of
Water Level

Casualties in the control of water level
include low water, high water, feed pump
casualties, loss of feed suction, and low feed
pressure,

Low Water Casualty

Low water is one of the most serious of
all fireroom casualties. Low water may be
caused by failure of the feed pumps, 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 18 inattention on the part of the checkman
and the PO in charge of the wateh, or the di-
version of their attention to other duties, The
checkman's sole responsibility is to keep the
water in the boiler at a proper level,

Low water is extremely damaging to the
boiler and may endanger the lives of fireroom
personnel. When the furnace is hot and there is
ingufficient water to absorb the heat, the heating
surfaces are likely tobe distorted, the brickwork
damaged, and the boiler casing warped by the
excessive heat, In addition, serious steam and
water leaks may oceur as a result of low water.

Digappearance of the water level from the
water gage glasses must be treated as acasualty
requiring the IMMEDIATE securing of the boiler!

The question of whether the water has gone
out of sight in the bottom of the glass or at the
top of the glass should not even be considered
until the boiler has been secured, since it is
impossible to be SURE about the water level
when you cannot see it in a gage glass., An
empty glass looks almost exactly the same as
a full glass, and serious boiler casualties have
occurrad when fireroom personnel have used
blowdown Lo ecure a condition that they mis-
takenly assumed to be high water,

By carelul observation, it is sometimes
possible to distinguish between an empty gage
glass and a full one by the presence or absence
of condensale trickling down the inside of the
glass., The presence of condensate indicates,
of course, an empty glass—that is, a low water
casually, Howewver, the boiler must be secured
whether the water is high or low. After the
boiler has been secured, the location of the
water level can be determined by using the
gape glass cutout wvalves and drain valves,
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H the water level goes helow the lowest
visible part of the water gage glass, OR IF THE
WATER LEVELDISAPPEARS AND YOU DONOT
KNOW WHETHER IT IS HIGH OR LOW, the fol-
lowing action must be taken IMMEDIATELY:

1. Shut off the oil supply to the boiler and
secure the fires at once.

2, Close the feed check valve and the feed
stop valve, Remember, never feed water toa
boiler in an attempt to restore the water level
after the water has disappeared from sight in
the lowesl visible part of the glass.

3. Notify the engineroom,

4. Close all boiler stops andguarding valves,

5. Cross-connect the plant, if so ordered
by main control.

6. Blow through the water gapge glasses to
determine whether the water levalisghigh or low.

7, When you are SURE that the casualty is
low water rather than high water, 1ift the safety
valves by hand and gradually relieve the boiler
pressure, CAUTION: MNever lift safety valves
in the event of a high water casualty!

8. Close the burner registers and, if praec-
ticable, secure the forced draft blowers.

9. Allow the boiler to cool slowly.

It should be noted that when the water level
falls low enough to uncover portions of the
tubes, the heat transfer surface is reduced, As
a rule, therafore, the steam pressure will drop.
Ordinarily a drop in steam pressure is the
result of an increased demand for steam, and
the natural tendency is to cut in more burners
to fulfill the demand. If the drop in steam
pressure is caused by low waler, however,
increasing the firing rate will result in serious
damage to the boiler and possibly in injury to
fireroom personnel. THE POSSIBILITY THAT
A DROP IN STEAM PRESSURE INDICATES
LOW WATER MUST ALWAYS BE KEPT IN
MIND! ALWAYS CHECK THE LEVEL IN THE
WATER GAGE GLASSES BEFORE CUTTING
IN ADDITIONAL BURNERS, WHEN STEAM
PRESSURE HAS DROPPED FOR NOAPPARENT
REASON.

High Water Casualty

K the water level goes above the highest
visible part of the water gage glass, the follow-
ing action must be taken IMMEDIATE LY:

1. Check the feed check valve and the feed
stop valve,
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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 allboiler stops and suarding valves,

9. Notify the engineroom.

8. Open the cross-connection valves, if so
ordered by main control,

7. Blow through the water gage glasses to
be sure that the casvalty is actually high water
rather than low water.

8, When you are sure that the casualty ig
high water rather than low water, use the
surface blow valve to blow the boiler down until
the water is at steaming level,

8. Light off the boiler and cut it in on the
line again, when so ordered by main contral.

Feed Pump Casvalfies

Failure of a feed system pump can have
drastic consequences, Unlessthe pump casualty
is ecorrected immediately, the pump failure
will lead to low water in the beiler. In addition
to the obvious dangers associated with low
water, there are some which ave equally serious
but not so obvious., For example, low water
causes complele or partial loss of steam pres-
gure, When steam pressure is lost or greatly
reduced, vou will lose the services of wvital
auxiliary machinery—pumps, blowers, and so
forth. It is essential, therefore, that feed pump
casualties be handled rapidly and correctly.

FEED BOOSTER PUMP FAILURE.—Ih many
installations, the [eed hooster pump and the main
feed pump are in the engineroom. In other
installations, the feed booster pump is in the
enginercom but the main feed pump is in the
fireroom, In this latter tvpe of installation,
failure of the feed booster pump will be in-
diecated to the fireroom force by loss of main
feed pump discharge pressure and by the sound-
ing of the low pressure feed alarm that is
usually fitted where this twvpe of machinery
arrangément exists. The casualty to the feed
booster pump will be dealt with by engineroam
pergonnel, if the pump ig in the engineroom;
but fireroom personnel must take the following
sleps to maintain a supply of feed water to the
koiler:

1. Ring for more feed, or otherwise notify
the engineroom that additional booster pressure
or more feed pressure is required,

2. I the engineroom is unable to remedy
the situation immediately, start the emergency
feed pump on COLD SUCTION, The emergency
feed pump can take a HOT SUCTION from the
feed booster pomp, or a COLD SUCTION from
the reserve [eed tanks., In standby condition,
this pump should always be lined up on COLD
SUCTION.

3. I so ordered by main control, ecross-
connect the feed system in your own space and
take feed from this source.

4, Keep the enginercom informed of the
source of feed so that the ship’s speed can be
held within the limits of boiler capacity.

5. I unable to maintain the proper water
level in the boiler, secure the boiler inorder to
prevent a low water casualty.

MAIN FEED PUMP FAILURE.=Some of the
most likely causes of failure of the main feed
pump are (1) malfunction of the constant-pres-
sure pump governor, {2) and airbound or vapor-
bound condition 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 feed pump calls for the
following action;

1. Start the atandby main feed pump.

2. I no standoy pump is available, start
the emergency feed pump. If the feed booster
pump is working, line up the emergency feed
pump to not suction and continue feeding the
boiler.

EMERGENCY FEED PUMP FAILURE.—The
procedure for handling failure of the emergency
feed pump will vary according to the situation
existing at the time the pump fails.

In many ships, the emergency feed pump is
normally used for in-port operation, with the
main feed pump in standby condition and the
feed booster pump providing a hot suction for
the emergency feed pump. Under these condi-
tions, emergency feed pump failuré can be
handled by notifying the engineroom so that the
main feed pump can be put on the line and used
to feed the boiler.

A more difficult problem will arise if the
emergency feed pump fails when it isbeingused
because of a previous casualty o the feed
booster pump or to the main feed pump. Under
these conditions, it may be possible to dealwith
the siluation by cross-connecting and using a
pumyp in some olher space to supply feed to the
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boiler, If the operating conditions do not allow
this solution of the problem, it willbenecessary
to secure the boiler immediately in order to
prevent a low water casualty.

If the emergency feed pump loses suction,
as indicated by a jerky, irregular motion,
check to be sure that the suection line is free
of obstructions and that all stop and check
valves are open. ‘When the emergency feed
pump is taking a hot suetion, the pump may
become vapor-bound and lose suction. To cor-
rect this condition, shift to cold suction and open
the venis on the water-end valve chest. Cooling
can be expedited by directing a stream of salt
water around the pump barrel, being careful not
to splash il into the pump gland. Continue to
cool the pump until a steady flow of water
emerges from the vents, Continue using cold
suction until the head pressure is restored. If
a standby pump is available, shift to the standby
while eooling off the first pump,

Loss of Feed Suction

If feed suction is lost, the following action
should be taken:

1. Ring for more feed or notify the engine-
room that more feed pressure s needed.

2. Btart the emergency feed pump on cold
suction.

3. If so ordered 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 enginerocom informed of the
source of feed so that the ship’s speed can be
held within the limits of boiler capacity.

Low Feed Pressure

If the main feed pump discharge pressure
is too low, the first three things to be checked
are (1) the feed booster pump discharge pres-
sure, (2) the level and pressure inthe deaerating
feed tank, and (3) the feed stop andcheck valves
on idle bollers., A failure of the feed booster
pump will, of course, cause loss of suction and,
therefore, loss of discharge pressure of the
main feed pump. I the feed stop and check
valves on idle boilers have accidentally been
left open, the main feed pump discharge presg-
gure: may be low merely because water has
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been pumped to an idle boiler, as well as to
the steaming boiler.

When [eed pressure is low, the following
action should be taken:

1. Ring for more feed or notify the engine-
room that more feed pressure is needed.

2. Start the emergency feed pump and use
it to increase the feed pressure to the boiler.

3. Check the discharge pressure of the
main feed pumps and booster pumps, the water
level in the deaerating feed tank, the pressure
of the deaerating feed tank, the auxiliary ex-
haust pressure, the feed check walves on idle
boilers, and the operation of the constant-
pressure pump governor on the feed pump.

4. I the cause of the low feed pressure
can be determined, notify the engineroom.
Crosg-connect the main feed system if so
ordered,

G, If the water level cannot be maintained,
secure the bhoiler to prevent a low water
casualty,

6. Keep the enginercom informed of the
source of feed 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 remedied at once.
Common casualties include (1) oil in the fuel
oil heater drains, (2) water in the fuel ofl,
(3) loss of fuel oil suction, {4) failure of the
fuel oil service pump, and (5) fuel oil leaks.

0il in the Heater Drains

Oil leakage from the fuel oil heaters into
the drains may cause oil contamination of the
drain lines, the reserve feed tanks, the de-
aerating feed tank, and the feed system piping
and pumps, The presence of oil in any part of
the feed system 1is dangerous because of the
possibility that the oil will eventually reach
the boilers, where it will cause steaming
difficulties and gerious damage to the boilers,

Fuel oil heater drains must be inspected
hourly for the presence of oil. If oil is found
in the drains, the following action must be
taken immediately:

1. Shift the drains to the bilges.

2, Notify the engineroom.

3. If more than one heater is in use at the
time of the casualty, locate the defective unit
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and secure it immediately. I no other heater
is already in use, cut in another heater before
securing the one which is leaking,

4, After the drains have become free of
oil, shift the drains back to the drainage
system.

Water in the Fuel Oil

The presence of an appreciable amounl of
water in the fuel oil is indicated by hissing and
sputtering of the fires and atomizers and by
racing of the fuel oil service pump. The situation
must be remedied at once: otherwise, choked
atomizers, loss of fires, flarebacks, and re-
fractory damage may result, The following
steps must be taken immediately:

1. Shift suction to another tank,

2. Discharge the contaminated oil, using
the recirculating line, to the contaminated oil
tank; or discharge it overboard until the oil
becomes free of water.

3. Dbserve the fires carefully., I theygo
out, secure the burners at once. If the burners
have already been secured, drain the oil from
the system between the burner manifold and
the atomizers. Wateh the oil as the system is
being drained, so that you can tell when the
oil hecomes free of water.

4., Purge the furnace by blowing through it
with air before Hehting off again,

Loss of Fuel Oil Suection

A loss of fuel oil suction usually indicates
that the oil in the service suction tank has
dropped below the level of the fuel oil service
pump suction line., This causes a mixture of
air and oil to be pumped to the atomizers. The
atomizers begin to hiss and the fuel oil service
pump beging to race. Loss of fuel oil suction
must be remedied immediately by the following
action:

1. Secure all burners. Leave at least one
register open to expel all gases of combustion
and to burn up any oil that may have aceumulated
on the furnace deck. On double-furnace boilers
leave at least one register open on the saturated
side and at least one open on the superheater
side. Leave the blowers running to provide an
air pressure of approximately 2 inches of water
between the air casings.

2. Start the standby fuel oil pump, making

sure that it is lined up on the standby service
suction tank.

3. Notify the engineroom as 500N A8 pos-
sible.

4, Open the cross-connecting wvalves if or-
dered to do so by main control.

5. After all oil has been hurned from the
furnace f(loors, slow down the forced deaft
bBlowers and elose the registers,

6. Check the fuel oil service system for
water or air. Take necessary action to rid the
system of water or air if they are present.

T. Check the fuel oil service pump to see
if it is airbound. I it is airbound, it will be
very noisy and erratic in operation. [In this
evenl the pump must be vented and then be
primed by lining up the fuel oil booster and
transfer pump discharge to the service pump
suction.

8. After fuel oil suction has been regained,
notify the enginercom, light off again, and put
the boiler back on the line.

I only one boiler is in use when [uel oil
suction is lost, the preceding procedure must
be modified as follows:

1. Do not leave the forced draft blowers
running after the burners have been secured.

2. If fuel oil suction has not been regained
by the time the steam pressure has dropped to
B5% of operating pressure, secure all hoiler
stops and guarding valves.

3. After suction has been regained, purge
the furnace with air and light off again, using
only one atomizer.

It must be strongly emphasized that the
loss of fuel oil suction can cause Serious
results. Related casualbes may include loss
of auxiliary steam and electric power, with
the complete loss of all electrically driven and
steam-driven machinery.

Failure of Fuel Oil Service Pump

Failure of the fuel oil service pump can
cause the same progressive series of casualties
as those which result from loss of fuel oil
suction. If the fuel gil service pump [ails, the
following action should be taken:

1. Cut in the standby fuel oil service pump,
making sure that it is lined up to take suetion
from the reserve or standby service 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
the capacity of the engineering plant.

4. Open all eross-connection valves, if so
ordered by main control.

4, Secure the boiler and all stop valves if
fuel il service cannot he reestablished by
any fuel oil pamp.

Major Fuel Qil Leaks

Fuel oil leaks are wvery serious, no matter
how small they may he, Tuel oil vapors are
very explosive. Any oil spillage or leakage must
be wiped up immediately. If a leak oceurs on
the suection side of the fuel oil service pump, the
following action should be taken:

1. Secure the fuel oil service pump and
notify the engineroom of the casualty,

2. SBecure the boiler or boilers affected by
the casualty,

J. Get firefighting equipment to the scene
and wipe upalloil. Flushthe bilges if necessary.

4. Line up and use a different section of
suction line.,

If a leak occurs on the discharge side of
the fuel oil service pump, the following action
should be taken:

1. Secure the fuel oil service pump.

2. Close the pump discharge wvalve and the
quick-closing cutout valve,

3. Notify the engineroom of the casualiy,

4, Secure the boiler or boilers affected by
the casualty,

5. Get firefighting equipment to the scene
and wipe up all spilled pil. NOTE: If a gervice
tank hag been ruptured, shift tothe standby tank.

FORCED DREAFT BLOWER FAILURE

If a forced draft blower fails, take the follow-
ing action:

1. If one blower fails when two blowers
are in use, speed up the other blower.

2, If only one hlower is in use, secure the
burners immediately to prevent a flareback.

3, Btart the standby blower and notify the

enginercom of the casualty because of a possible
need for a reduction in speed.

4, Determine the cause of the failure and
remedy the trouble as soon as possible.

The rupture 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
because of the special hazard of fire that iz
involved, If a forced draft blower lube oil line
is ruptured, take the following action imme-
diately.

1. If two blowers are in use, secure the
affected blower and speed up the other. If only
one blower is in use, secure the burners im-
mediately to prevent a flareback. Secure the
affected blower and light off the standby blower.

2, MNotify the engineroom because of a pos-
sible need for a reduction in speed.

3. Get firefighting equipment to the scene,

4., Wipe up all oil that has spilled out,
Flush ouf and wipe out the bilres as necessary.

5. Repair or renew the ruptured section
as soon as possible.

6. Refill the reservoir with clean oil. Test
the new section; if il is satisfactory, the blower
can be returned to service.

FLAREBACKS

A flareback is likely to occur whenever the
pressure in the furnace momentarily exceeds
the pressure in the beiler 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,

Sitmations which commonly lead to flare-
backs include: (1) attempting to light off or to
relight burners from hot brickwork; (2) gunfire
or bombing which creates a partial vacoum at
the blower intake, thus reducing the air pres-
sure supplied by the blowers; (3) forced draft
blower failure; (4) accumulation of unburned
fuel oil or combustible gases in furnaces, tuhe
banks, uptakes, or air casings; and (5) any
event which first extinguishes the burners 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 the burners to
go out; when the fuel oil supply returns to
normal, the heat of the furnace might not be
sufficient to relight the burners immediately.

oo
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In a few seconds, however, the fuel oil sprayed
into the furnace would be vaporized, and a
flareback or ewven an explosion might result.

To reduce the danger of flarebacks, THE

FOLLOWING PRECAUTIONS MUST BE
OBSERVED:
1, 0il must not be allowed to accumulate

in the furnace. The furnace must be blown
through with air before lighting off the atomizers,
The atomizer valves on secured burners must
be kept tight at all times to prevent leakape
of oil into the furnace. If a large amount
of oil accumulates in the furnace, it may bhe
necessary to open up the boiler and clean up
the oil before lighting off the hoiler.

2. Whenever atomizers are accidentally ex-
tinguished, shut off the oil and blow through the
furnace with air before reliphting the 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 injury in case a flareback
DCCUT S,

The following action should be taken for a
major flareback which involves possible boiler
damage or extinguishment of furnace fires.

1. Close the guick-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. Becure the boiler main steam stop.

4, Adjust the feed stop and check wvalves,
or stop the feed pumps, as necessary toprevent
high water,

5. Speed up the forced draft blowers to
purge the furnace of unburned gases and toburn
any oil acecumulations from the furnace floor.

6. Open the auxiliary steam cross-
connection  valves if necessary to maintain
auxiliary steam serviece, and secure the auxiliary
steam stop,

7. Inspect the boiler and light off, using
normal procedure if conditions permit.

Minor flarebacks, or those which do not
involve furnace fires being extinguished, do
not necessarily require carrying out the previous
procedure. However, inspect the hoiler care-
fully for signs of damage, . particularly to
the refractories.
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SUPERHEATER CASUALTIES

If the distanti-reading superheater thermom-
eter does not register a normal increase in
temperature when the superheater is first
lighted off, the trouble may bhe either lack of
steam flow or failure of the distant-reading
thermometer, Lack of steam flow must be
considered as a possible cause even if the
superheater steam flow indicator (if installed)
shows that there is a flow, If the thermometer
does not register a normal increase 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 distant-reading thermometer
against the direct-reading superheater ther-
mometer. I the two thermometers have pre-
viously been working properly, and if they now
agree, the chances are overwhelmingly against
the frouhle heing in the distant-reading ther-
mometer,

4, To find out if there iz a flow of steam
through the superheater, lift the superheater
safety valves by hand for a SHORT blow, This
will establish a positive steam flow past the
thermometers, Thenrecheckthe thermometers.
If they still agree, but at a different temperature,
there is no flow through the superheater,

When operating with superheat, it is essential
to keep a constant check on the flow of steam
through the superheater and on the superheater
outlet temperature. Any deviation from normal
conditions must be corrected without delay,

It iz important to remeamber that a casualty
to some other part of the engineering plant
may reduce or entirely stop the flow of steam
through the superheater, and so cause a super-
heater casualty, unless appropriate action is
taken to prevent damage. For example, a
casualty to the main engines might call for a
sudden large reduction or even a complete
stoppage of steam flow. Ewven ifthe superheater
burners are secured, there will still be a need
for steam flow to protect the superheater from
the heat of the furnace. In this event, or when-
ever a greater flow is required than can be
obtained by ordinary means, LIFT THE SUPER-
HEATER SAFETY VALVES BY HAND TO EN-
SURE A POSITIVE FLOWOFSTEAM THROUGH
THE SUPERHEATER.
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When the superheater thermal alarm sounds,
the superheater fires must be immediately de-
creased to bring the femperature below alarm
temperature. Do NOT decrease the temperature
further than necessary. It is wvery seldom
necessary to secure . all superheater burners
in order to bring the temperature down to the
pregeribed point.

CABSUALTIES TO REEFRACTORIES

If brick or plastic falls out of the furnace
walls and goes unnoticed, burned casings may
result, If brick or plastic falls out of a furnace
wall, the f{ollowing action should be taken:

1. I practicable, secure all the burners,
If it is not practicable to secure all the burners,
secure those burners which are adjacent to the
damapged section. NOTE: It may be necessary
to continue operating the boiler until another
boiler can be brought in on the line.

&, MNotify the engineroom and cross-conncet
the plant if so ordered by main control,

CABSUALTIES TO BOILER
FRESSURE PARTS

When boiler pressure parts, such as tubes,
carry away or ruplure, eseaping steam may
cause sericus injury to personnel and damage
to the hoiler. It is urgent that the boiler be
relieved of its pressure and cooled until no
more steam iz generated. If a boiler pressure
part carries away or ruptures, tale 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, 8peed up the forced draft blowers to
drive escaping steam up the stack and keep it
from entering the [ireroom.

3. While the first two sfeps are being
taken, the following steps should bhe taken
gimultaneously:

{a) Close all boiler steam stop valves

{main, turbogenerator, and auxil-
iary).
ib) Notify the engineroom and eross-

connect the plant if =20 ordered by
main contral.
4, Gradually lift the safety valves by handto
relieve the pressure,
. Close the burner registers.
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6, Continue fo feed the boiler until it has
ecooled. Remember that a damaped pressure
part can lose water at a wvery rapid rate. If
other operating boilers are being fed from the
same main feed system as the damaged boiler,
take special precautions to see that the un-
damaged boilers 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 waler
lost because of the damaged pressure part will
thus be lost from the reserve feed tank rather
than from the main feed system,

1. Affter the pressure hasbeenreduced, stop
the blowers 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 glasses are connected to the water and
steam spaces of the steam drum. If a waler
gape rlass carries away, the mixture of steam
and water escaping from the gage connections
may seriously burn personnel in the area.
A ball check valve in the high pressure pgage
line functions when the flow is excessive. In
addition, the hazard of flving particles of glass
makes this casualty very serious, The particles
of glass could lodpe in your eyes and blind you,
or they could lodge elsewhere in wour body
and caugse sgerious injury. I a gage glass
casualty occurs, throw a large sheet of ashestos
cloth, rubber matting, or similar material over
the glass, Then take the [ollowing action:

1. Clase the top cutout valve.,

2. Open the drain valve.

3. Close the bottom cutout valve.

4. Replace the glass. Slowly crack openthe
bottom cutout valve and allow the new glass to
warm up slowly., Open the top cutout valve and
close the drain valve. If there is no leakage,
and if the new rlass shows the same water level
ag the other glass on the hoiler, the water gage
can be considered back in service.

OIL FIRES

An oil fire may be caused by the ipnition of
oil or oil vapor in any place where oil is allowed
to collect, Oil may accumulate in the double
casings [rom partially plugeed atomizers, from
continued drip when atomizers are secured and
not removed from the burners, or from allowing
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manifold pressures to drop excessively, Fre-
guent ohservations through burner and furnace
sight glasses and the correct settings of atom-
izers and register doors are helpful in prevent-
ing oil aceumulations,

Frecautions

The following precautions must be taken to
prevent fires:

1. Do not allow oil to accumulate in any
place. Particular care must be taken to guard
against 0il accumulation in drip pans under
pumps, in bilges, in the furnaces, on the floor
plates, and in the bottom of air-encasedboilers.
Should leakage from the nil system to the fire-
room occur at anytime, immediate action should
be taken to shut off the oil supply by means of
gquick-closing valves and to stop the oil pump.

2, Absolutely tight joints in all oil lines
are essential to safety. Immediate steps must
be taken to stop leaks whenever they are
discovered. Flange safety shields should be
installed on all flanges in fuel oil service lines
to prevent sprayving oil on adjacent hot surfaces.

3. No lights should be permitted in the fire-
room except electric lizhts (fitted with steam-
tight globes, or lenses, and wire guards), and
permanently [fitted smoke indicator and water
gage lights, If work is being done in the vicinity
of flammable wvapors, or If rust-preventive
compound or metal-conditioning compound is
being used, all portable lights 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 it is but a matter of minutes
before an oil fire assumes serious proportions.
SBtandard firefighting equipment should always
be available and ready for use in all fire-
rooms, In most shipboardinstallations, perma=
nently fitted steam smothering lines are provided
in the firerpom bilges and inside the casings
beneath the boilers. These lines should be
examined and tested by steam at least monthly,
to ensure satisfactory operating condition. Par-
ticular attention should be given to the condition
of the line in casings beneath the hoiler, because
of its importance in the event of a casing fire,
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Firefichting Procedures

In the event of a MAJOR FIRE IN THE
FIRERQOM which prevents boller operation,
the following acltion must be taken:

1. Shut off the fuel oil supply and stop all
fuel oil pumps.

2, Becure the burners and closge the repis-
ters.

3. Close the main and auxiliary steam stops
and the feedstopwhen the fireroom is abandoned.

4, Btop the foreed draft 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 personnel.,

6. Use the fire-extinguishing equipment pro-
vided,

7. HNotify the engineroom, and open cross-
connection valves if so ordered by main control,

For an OIL FIRE IN THE BILGES, the fol-
lowing action should be taken:

1. Shut off the fuel oil supply tothe burners.

2, Stop the fuel oil pumps.

3. Use the fire-extinguishing equipment pro-
vided, Howewver, use the steam smothering
system ONLY if the fire cannot be eontrolled
by other means. All personnel must be out of the
fireroom and all hatches, ventilators, and other
openings must be closed before the steam
smothering system is used,

For an OIL FIRE IN THE DOUEBLE CAS-
INGS, the following action should he taken:

1. Bhut off the fuel oil supply tothe burners,
and stop the fuel oil pumps,

2, Btop the forced draft blowers.

3. Use the casing steam smothering system
to extingpuish the fire. NOTE: The steam
smothering svstem may be used in the casings
without danger to fireroom personnel.

BATTLE CASUALTIES

A thorough kmowledge of the ship’s engineer-
ing plant, its piping systems, and related equip-
ment, and of the correct casualty procedures
could be the difference between effective and
ineffective action to control battle casualties,
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The major battle damage casualties dis-
cussed in this section involve the securing and
igolation of spaces in which extreme damage
has oecurred. The control of casualties caused
in other spaces by battle damage is not included
in this section, The corrective procedures in
many cases are almost the same, Therefore, it
is recommendsad that when battle problems are
made wup, various individual casualties pre-
viously mentioned should be included to simulate
less than total damape to a particular space,

ENGINEROOM AND FIREROOM
CASUALTIES FROM SHELL OR
TORPEDO HITS

shell or torpedo hits in vital engineering
spaces usually result in multiple casuwaliies to
machinery and systems. The corrective action
for any particular situation depends on the
location and extent of the damage, While battle
casualties differ in some respects, the following
procedureas apply to any casualty of this type:

1. Secure space or isolate damaged sections
of systems as necessary,

2, Cross-connect systems or plants when
feasible.

3. Stop the turbine and lock the shaft in event
of serious casualty toturbineg, reduction mear, or
main steam line, or inevent ofloss of lubricating
oll pressure.

4, Carry outapplicable casualty control pro-
cedures in the event of turbine, reduction gear,
propeller, propeller shaft, or turbogenerator
damame,

5, DO EVERYTHING POSSIELE TO PRE-
VENT FLOODING OF SPACE. Put allavailable
pumps on bilges of damaged space; plug holes and
establish Tlooding boundaries to prevent pro-
gressive flooding,

6. Bepair damaged lubricating oil lines and
water lines with soft patehes, blank flanges,
wandan plugs, or other suitable means,

7. Becure main and auxiliary steam lines and
auxiliary exhaust lines info space by remote
controls if escaping steam prevents entry of
repair party personnel into gpace,

8. Extinguish all fires and investigate dam-
age,

9, Make repairs to return machinery or
space back into service, if possible.

10, Keep the communication lines open and
keep main engine control advised of prevailing
conditions.

MAIN ENGINE CASUALTY—
NEAR MISS

Stop the turbine and lock the shaft, Make
repairg if possible, I lubricating oil lines or
sump tank are damaged, apply soft patches;
calk seam of sump tank if necessary., Carry
out turbine and reduction gear casualty proce-
dures if those units are damaged.

The rupture of main steam piping in any
space may fill the space with steam, making
it untenable. This will necessitate abandoning
the space and securing it from outside. Entry
into the space will be possible after the steam
leak has been stopped and the space has cooled.
After reentry into the space is possible, the
damage can be isolated, repairs made, and
units returned to operation.

If main steam piping is carried away in a
firercom, close the main hoiler stop valves
and close the throttle on the affected engine;
secure fuel oil to burners by closing the master
fuel oil wvalve or by remote control: isolate
all steam lines to the damaged fireroom. As
practicable, open cross-connection valves to
restore main and auxiliary steam to main
engines, turbogenerators, and vital auxiliaries;
eross-connect the fresh water drain and con-
denaate systems to return water to the plant
supplying steam; restore lubricating oil pres-
sure as Sooh as possible.

If a main steam line casually occurs in an
engineroom and persocnnel are unable toescape,
close main and auxiliary boiler stop valves,
shut off fuel oil to burners, and close hulkhead
valves to isolate the damaged space.

In event of an engineroom not becoming
immediately untenable hecause of a break in
main steam piping, the main boiler stops and
the main throttle should be closed; the
ruptured section of main steam piping should
he isolated. The space should continue to
receive auxiliary steam for the maintenance
of lubricating oil pressure; this is not nec-
egeary for ships with shaft-driven or electric
lubricating oil pumps.

RUPTURE IN AUXILIARY STEAM
PIPING

Battle casualty to a section of auxiliary
steam piping may cause the space fo become
filled with steam and be untenable. I pos-
sible, secure the steam from within the space;
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but if this {8 not possible, secure steam from
oulside the space.

I the auxiliary steam casualty occurs in a
fireroom, the enginercom personnel should stop
and lock the shaft unless other meansare avail-
able for maintaining lubricating oil pressure:
secure the oll supply to the burners, and secure
the main and auxiliary steam supplies to the
damaged lireroom.

When auxiliary steam piping casualties oceur
in an engineroom, siop and lock the shaft;
close the boiler stop valves toboiler (s), supply-
ing steam to damaged line; and secure the boiler
(s); isolate damaged section of auxiliary steam
line; make repairs and attempt to resume opera-
tion of space as soon as possible,

RUPTURE IN AUXILIARY EXHAUST
PIPING

Patches, blank [langes, and plugs may be used
freely in repairing damage to the low-pressure
auxiliary exhaust system, In the event of a
major break in the system, earry out casualty
procedures as described for the auxiliary steam
system, When a section of the auxiliary ex-
haust system is damaged, action must be taken
to prevent feed water casualties from occurring.
If damaged sections cannot be isolated, use only
necessary machinery which exhausts into the
damaged section.

RUPTURE IN MAIN FEED PIPING

If damage occurs to main feed piping, secure
the main feed pump. Then start the emergency
feed pump and feed through the auxiliary feed
system; secure the main feed stop and the check
valve. When danger of low waler in boiler
exists, secure the boiler. Isolate sectiions of
damaged piping and restore main feed service,
il practicable; use main or emergency feed
pumps ag appropriate.

RUPTURE IN HIGH PRESSURE
DRAIN PIPING

When damage occurs to sections of the high
pressure drain system, the {irst corrective
step is to close the bulkhead stops toisolate the
damaged sections, [If escaping vapor hinders
operations In the space, close off the traps and
erack open the funnel and bilge draing. To ron-
serve water, crack open drains only at poinls
in the piping where condensate willtend to form,
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I a rupture occurs at a deaerating feed tank,
the high pressure drain valves at the entrance
to the deaerating feed tank should be closed.
Whenever the high pressure drainage system
cannot be used, drain various units to the low
pregsure drain system as often as needed, In
some instances, all but the wvital high pressure
drain traps can be cut out and the high pressure
drain system can be cross-connected,

RUPTURE IN FUEL OIL HEATER
DRAIN PIPING

When baitle damage causes a rupture in the
fuel oil heater drain piping, isolate the damaged
section from the drain system by securing the
bulkhead stops. Let the isolated section drain
to the bilges. Plug the drain plping and try to
prevent excessive loss of water,

ELECTRICAI- CASUALTIES

Since electrical casualties affect the normal
operation of a ship, it is bheneficial to have a
general knowledge of electrical equipment in-
stalled on board o provide the maximum uninter-
rupted supply of electrical power and lighting.
When all electric power, ventilation, and lights
go out, it is too late to ask an Electrician's
Male what ean be done lo restore power. The
Electrician’s Mate will be too bugy to stop and
give any detailed information as to what hap-
pened, what can be done to restore eleclrical
services, and how long it will take to get things
back to normal conditions. Therefore, itisbest
to have a general knowledzme of the purpose of
electric generating plants and their operation
under wvarious conditions, and of the lypes of
casualties that will interfere or disrupt the nor-
mal operation of an engineering plant,

THE ELECTRIC PLANT

The ship's power and lighting plant comprises
the generators, switchboards, power panels,
cables, circuil breakers, and other appurte-
nances necessary for the generation, distribu-
tion, and control of power supplies to electrically
driven auxiliaries, lighting, interior communi-
cation, electronies equipment, and other elec-
trically powered devices. In designing the
electric plant, every effort has been made to
oblain the greatest reliability and continuity of
service practicable under casually conditions,
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The distribution system forms the vital con-
nection between the generators and the equip-
ment which uses electric power, The distribu-
tion of electrical power is through the ship's
gervice or the emergency switchboards, and
may be through a casualty power circuit rigged
from either of these switchhoards.

The general arrangement of the ship's
service gystem is such that a faulty circuit will
be cut out avtomatically, without interruption of
power supply to other circuits, through the op-
eration of protective devices, I« the ship's
service generators fail, the emergency genera-
tor is automatically placed in operation for battle
funetions, The emergency switchboard can
supply power to the wvital circuits of the ship.

Protection against loss of power on a ship
with ship’s service, emergency, and casualty
power distribution systems can be summarized
as follows:

1. FAILURE OF ONE SHIP'SSERVICE GEN-
ERATING PLANT, The loadcan be transferred,
by the Electrician’s Mate, to the other ship’s
service generating plant, Care must be faken
to prevent overloading the generating plant that
takes over the load,

2. CIRCUIT OR SWITCHBOARD FAILURE,
Vital loads can be transferred to an alternate
feeder and soyree of ship’s service power by
means of a4 manual or automatic bus transfer
panel,

3. FAILURE OF BOTH NORMAL AND AL~
TERNATE POWER SUPPLY. In cases of this
nature, certain vital equipment can be shifted
to an emergency feeder which receives power
from the emergency switchboard.

4, FAILURE OF EHIMES 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 elec-
tric power to a limited number of selected vital
circuits. It includes one or more Diesel-driven
emergency generators, emergency switch-
boards, and a distribution system which is
separate from the ship's service electric plant
and distribution system. Emergency feeders
run from the emergency switchboards to at
least one and usually to two different ship's

service switchboards., Emergency power feed-
ers for certain vital auxillaries are also run to
control panels, The emergency power system,
with the use of transformers, is also used for
furnishing emergency lighting,

Whenever practicable, emergency genera-
tors and switchboards are installed abowve the
waterline, to minimize danger from flooding,
Also, the emergency plant is installed as far
away as possible from the ship’s service plant,
to avoid both plants being put out of action by
battle damage.

Cn most ships, the emergency generators
do not have the same capacity as the ship’s
gervice plants. Therefore, care mustbe takento
prevent overloading the emergency generator,

CASUALTY POWER SYSTEM

The scope of this system is limited to the
bare miminmum of facilities which are required,
in the event of damage, to keep the ship afloat
and to et it out of a danger area, so that tem-
porary electrical repairs of a more extensive
and time=consuming nature can be accomplished.
Thus, the application of casualty power is limited
to the most vital equipment on board ship, The
casualty power system receives its electrical
power from the following sources: the ship’s
gervice penerating plant: the diesel-driven
emergency power plant,

Additional information on casualty power
systems can be obtained from chapter 0880
(B8) of the Pureau of Ships Technical Manual,

EMERGENCY FIRE FUMPS

Most ships have electric-driven fire pumps
located outside the engineering spaces., These
pumps furnish water under pressure to their
own piping aystem or to the ship's firemain.
Provigions are made for different sources of
electrical power to these pumps: Normal and
alternate supply from the ship’s service gen-
erators, emergency supply from the diesel-
driven emergency generators, and the casualty
power system,

Many ships, such as battleships, carriers,
tankers, and tugs, have independent diesel-
driven fire pumps., In case of damage to the
ship's pumps and firemain, these diesel-driven
pumps can furnish large amounts of water for
fire-fighting purposes. DMany 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-¢ generators, the ship's
service and emergency lighting systems are
energized from the generator and distribution
switehboards through a bank of transformers,
These transformers supply power to the light-
ing system through the lighting distribution
panels,

Lighting throughout the machinery spaces
is supplied from the normal switchboard for the
compariments involved, with some lights in each
space supplied from the alternate switehboard.
A few lights in each compartment are supplied
through automatic bus transfer eguipment from

circuits originating at the emergency switch-
boards.

In the event of complete failure 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, nonautomatic type
hand lanterns are installed at strategic loca-
tions. Although the Electrician’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 oruse them
for 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
Adr casings, 62
Alr compressors, 411-428
angle air compressors, 411, 412
carc and maintenance of, 423-426
classification, 411
compressed air receivers, 421
duplex air compressors, 411, 412
horizontal air compressors, 411, 412
inspections and tests, 426, 427
low pressure air compressors, 421-423
lubrication system, 416, 417, 425, 426
medium pressure air compressors, 4132
multistage air compressors, 411, 412
414-419
operation of, 423
pressure classification, 412-414
reciprocating air compressors, component
parts of, 415-421
compressing element, 415
control systems, 420, 426
cooling syslems, 417-420, 426
lubrication system, 416, 417, 425, 426
operating cyele of, 418, 419
thin air compressor valve, 415
unloading systems, 420
safety precautions, 428
unloading device, 421
use of compressed air, 411
vertical air compressors, 411, 412
V-belt drives, 411
Adr conditioning equipment, 395-410
heating equipment, 405, 406
maintenance of, 406-410
cooling equipment, 408, 410
ventilation eguipment, 406-403
mechanical cooling equipment, 388-405, 409
chilled water cireculating syslems, 399-405
maintenance, 409
packaged unit air conditioners, 405
refrigerant circulating system (vapor
compression}, 399
ventilation cquipment, 395-398, 405-408
maintenance, 406-400
Adr ejectors, 320-324
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Air ejectors in distilling plants, 340, 352-355
operdtion of, 352-355
Alr lancing, 59
Air repisters, fuel oil equipment, 114
Air registers, furnace equipment, 26
Alkalinity and pH tests, 130
Alternating-current synchronous transmission,
435
Anchor windlasses, 439, 440
Anchor windlass capstan head, 443
Ancle air compressors, 411, 412
Anode zinc, 356
Articulaled propulsion reduction gears, 226
Atomizer barrel in distance piece, 63
Atomizers on naval boilers, 103
Anxiliary condenser, 310
Auxiliary equipment, 429-455
alternating-current synchronous
transmissicn, 4350
anchor windlagses, 4309, 440, 443
capstans, 443-4446
cranes, 444-446
electrohydraulic speed gear, 429, 430
elevalors, 446-448
hydraulic systems, maintenance of, 448-455
cleanliness, 455
filter elements, 453-455
fluid system, 449
hydraulic engine cylinder packing, 450
main and sump pump oil strainers, 451
main hydraulic pumps, 452
main shafl pil seals, 450
motor shaft oil seals, 450
piping and fittings, 448
pumps and molors, 449
hydraulic telemotor control, 435-438
steering gears and their controls, 430-439
control systems, 435-439
electrohydraulie steering gear, 430-432
electromechanical steering gear,
433-435
operation of, 430
steam-driven steering gear, 432
types of, 430
winches, 440-443
Aunxiliary exhaust piplng, rupture in, 505
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Auxiliary machinery, reduction gears for,
225, 233-235

Auxiliary steam piping, rupture in, 504

Auxiliary steam system, arrangement in
split-plant operation, 486

Auxiliary steam turbines, 178, 189-192

Axial-piston variable stroke pump, 286

Babecock & Wilcox fuel oil burner, 104, 105,
116
Baffles, careof, 80
Batlle casualties, 503-505
Bearing wear micrometer gage, 210
Blistering, T2
Blowing tubes, procedures for, 60
Boilers, 1-39
circulation, 4
classification of, 4-8
combugtion, principles of, 1
excess alr, effect upon boiler performance,
3
fire and water spaces, 4
fireroom 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 hoilers, 6-16
double-furnace boilers, 8-11
header-type boilers, 6-8
new types of, 15, 16
single-furnace boilers, 11-15
terminology, 2,4
underway operations, 22-38
automatic control of combustion air, 3%
conlrol of boller pressure, 35
control of boilers for cross-connected
operation, 35
control of combustion air, 26
control of feed water, 27-35
control of fuel oil, 23-26
effect of steam catapull operation, 36
lowering superheat for astern operation,
36
low steam pressure; 35
rotation in use of boilers, 36
steady steaming, 23
Boiler feed pumps, 288
Boiler pressure parts, casualties to, 502
Boilers, maintenance of, 40-95
air casings, 62
atomizer barrel in distance piece, 63
blowdowns, 48

blowing tubes, 60
boiler sliding feet, 84
boller tubes, inspection, 65
boiling out boilers, 49
brushes for cleaning tubes,
42-44
chemical cleaning, 44-47
conditioning compound, 59
drums and headers, 61
drying oul the boiler, &%
firesides, 33-61
fuel oil burners, 63
furnace walls, 78
hydrostatic tests, 94, 95
internal [ittings, 63-65
uptakes and smokepipes, 63
watersides, 40-53
Boilers, schedule [or cleaning, 41
Boiler sliding feet, maintenance of, 84
Boiler water tests, 122-157
boiler water limits, 131
cabinet for, 133, 134 |
conductivity, 148
contamination, 122
equipment for, 133
frequency of, 131
problems, 123-128
carryover, 128
localized pitting, 127, 128
waterside corresion, 127
waterside deposits, 123-127
types of, 130-153
alkalinity lests, 134
chloride content, 148-152
frequency of, 130
hardness test, 141-148
methyl-purple test, 141
pH and phosphate tests, 148
phenolphthalein alkalinily test, 134-141
procedure of, 132
units for reporling results, 129
Boiler water treatment, 153-157
blowdown, 157
chemical treatmenl of boiler water, 153
Boiling out boilers, 49
Brushes for ¢leaning boiler tubes, 43
Burner fronts, care of, 80
Burners, fuel oil, 103-108

Capstans, 443-446

Carhonized oil on boiler tube, 124

Cargo winches, 441

Carryover, 128

Casualties with turbine installations,
201-205
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Casualty control, engineering, 482-507
battle casualtieg, BO3-505
casualty control training, 483
correction of casualties, 484
electrical casualties, H05-507
enginerrom casualties, 486-405
diesel engine casualties, 493-495
feed water system, 490, 491
firercom casualties, 495-501
flarebacks, 500
forced draft blower failure, 500
fuel oil system casualties, 498
jammed throttle, 487-400
lubricating system, 491-483
propulsion and auxiliary machinery, 487
training, 483
Centrifugal fans, 395
Centrifugal pumps, 287-206
Chatter, 93
Check valves in piping systems, 258
Chemical cleaning of watersides, 44
Chilled water circulating systems, 399-405
Chill shocking on a submerged tube type
evaporator, 351
Chloride content of boiler water, testing for,
149-153
Chloride test for feed eater, 157
Clrenit failure, 506
Citric acid, 44
Combination heater, 405
Combustion air, control in underway operations,
26
Combustion, principles of, 1
Compressed alr, 411-428
angle air compressors, 411, 412
duplex air compressors
horizontal air compressors, 411, 412
medium pressure air compressors, 412
multistage air compressors, 411, 412,
414-4189
receivers, 421
reciprocating air compressors, 415-421
safety precautions, 428
uses of, 411
vertical air compressors, 411, 413
Compression ignition Lype 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, 58
Conductivity, testing for, 148
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Controlled cireulation boilers, 5

Convection heaters, 408

Cooling equipment, maintenance of, 408, 410

Copings, care of, 80

Copper piping, repair of, 256

Corrosion deposits on boiler equipment, 123
126, 127

Corrugation, T2

Cracks in boilers, 73

Cranes, 444

Craters, 6B

Cranes, 444

Cruising turbine reduction gears, 240-242

Deaerating feed tanks, 324-328, 490
casualties, 4890
Descalant solutions, 44, 95
Diatomite filter systems, 156
Die marks, T0
Diesel engines, 456-458, 493-405
casualties, 493-485
Direct-eurrent pilot motor control, 438
Disgk-type fuel oil meter, 99
Dissolved oxygen test for feed water, 158-173
Distillate cooler, 341, 357
Distilling plants, 320-378
care and 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 distilling plants,
329, 369-376
cleaning the Model X-1 unit, 376
operation of the Model X-1 unit, 370-376
vertical feed basket distilling plants,
J29, 363-368
flow clrcuits, 363-369
operation and maintenance, 369
Distilling unit log, 376
Divided-furnace boilers, 5
Double-effect distilling plant, 328
Double furnace-boilers, 8-11, 19, 33
lighting off, 19
securing, 38

‘Double-ram electrohydraulic steering gear, 431

Double reduction gear, 226, 227

Drain pan, 56

Drain system, rupture in, 508

Drums and headers, maintenance of, 61
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Drum-type boilers, §

Drying out the boller, 59

Duplex air compressors, 411, 412
Duplex pump, 275

Electrical casualties, 505-507
Electric capstan, 443
Eleciric-driven fire pumps, 506
Electric heaters, 406
Electric windlasses, 440
Electrohydraulic anchor windlasses, 440
Electrohydraulic power plant used to operate
elevators on aircraft carriers, 446
Electrohydraulic speed gear, 429, 430
Electrohydraulic steering gear, 430-432
Electrohydraulic winches, 443
Electromechanical steering gear, 433-435
Elevator hydraulic systems, 452
Elevators, 446-448
Elliot type deaerating feed tank, 324
Emergency feed pump, 279
Emulsified oil in filtered condensate, test for,
168
Englneering casualty contrel, 482-507
battle casuallies, 503-505
casualty control training, 483
correction of casualties, 484
electrical casualties, 505-507
enginercom casualties, 486-495
diesel engine casualties, 493-485
feed water system, 490, 491
firercom casualties, 495-501
flarebacks, 500
forced draft blower failure, 500
fuel oil system casualties, 408
jammed throttle, 487-490
lubricating system, 491-483

propulsion and auxiliary machinery, 487

factors influencing, 482, 483
familiarity of personnel with plant
operation, 482
influence of design, 482
preventive maintenance, 482
phase nature of casualty control, 484
split plant operation, 484-486
auxiliary steam system, 486
feed water system, 486
fuel oil system, 485
main steam system, 486
superheater casualties, 501-503
Engine, hydraulic, cylinder packing, 450
Englneroom casualties, 486-485
diesel engine casualties, 483-486
feed water system, 490, 491
fireroom casualties, 495-501
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flarebacks, 500

forced draft blower failure, 500

fuel oil system casualties, 498

jammed throttle, 487-480

lubricating system, 491-483

propulsion and auxiliary machinery, 487

Enginercom operating procedures, 192-201

cruising turbines, 198
maintaining proper 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
warming up the main turbines, 186
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,
4006-472
engine control panel, 471
engine oil system, 466
fuel flow diagram, 463-465
fuel oil system, 462
generator speed control system, 472-474
generator unit, 461
maintenance of, 478-480
operation of, 475-477
safety precautions, 480, 481
systems and components of a two-stage
gas turbine engine, 460-474
reciprocating engines, 456-459, 493-495
diesel engines, 456-458, 493-495
gascline engines, 458
Erosion, 314
Exhausts, 398

Fans installed in air conditioning equipment,
395-398
Feed booster pumps, 289
Feed pump casualiies, 497
Feedwater preheater, 359
Feedwater regulators, 32-35
Feedwater system; arrangement in split-plant
operation, 486
Feed water syslem casualties, 490, 491
Feed water tests, 157-175
chloride test, 157
dissolved oxygen test, 158-173
feed water limits, 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 of, 80
Filter systems, diatomite, 156
Firebrick shrinkage, 77
Firemain fouled by marine growth, 253
Fire pumps, emergency, 508
Fireroom casualties, 495-501
Fireroom safety precautions, 38, 39
Fireside burning, 69
Firesides, 54-61
cleaning procedures, 54-59
inspection of, 61
Fires, oil, prevention of, 502, 503
Fire tube boilers, 4
Fittings, boller, 82
Flarebacks, 500
Flash type distilling plants, 328, 3566, 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 of, 114-116
Fuel oil, characteristics of, 108-114
ash content, 112
calorific value, 112
flash point and fire point, 100
specific gravity and AP gravity, 108-112
viscosity, 108
water and sediment, 112-114
Fuel oil combustion, chemical reactions, 1
Fuel oil combustion control in underway
operations, 23-26
Fuel oil contamination of boiler water, 122
Fuel oil equipment, 96-121
air reglsters, 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
valves, 98
stowapge and handling, 118-120
tanks, 118

512

thief samplers, 113
viscosimeters, 108-111
Fuel oil system arrangement in split-plant
operations, 485
Fuel oil system casualties, 408
Furnace arrangement, 5
Furnace walls, repair of, 78

Gagsoline engines, 458
Gas turbine engines, 460-481
Geared-turbine drive, 178, 179

Generating plant, ship's service, failure of, 506

G-fin fuel oil heater, 101
Globe valves in piping systems, 257
Grooving, 68

Halide leak detector, 385

Handhole {ittings, 82

Hardness test for boiler water, 141-148

Hardnegs test for feed waler, 158

Headers and drums, inspection of, 61

Header-type boilers, 5-8

Heaters, fuel oil, 101, 116-118
maintenance of, 116-118

Heat exchangers and related equipment, 305-328

air ejectors, 320-324
maintenance of, 322-324
operation, 322
condensgers, 305-320
maintenance of, 312-320
operation, 308-312
salely precautions, 320
deaerating feed tanks, 324-328
Heating equipment, 405
Helical gear pump, 297
Herringhone gear pump, 297
High pressure boilers, securing, 38
High pressure drain piping, rupture in, 505
High-temperature oxide, 126
High water casualty, 496
Horizontal air compressors, 411, 412
Hydraulic engine cylinder packing, replacing,
450
Hydraulic pumps, maintenance of, 449, 452
Hydraulic systems, maintenance of, 448-455
cleanliness, 455
filter elements, 453-455
fluid system, 449
hydraulic engine cylinder packing, 450
main and sump pump oil strainers, 451
main hydraulic pumps, 452
main shaft oil seals, 450
motor shaft oil seals, 450
piping and fittings, 448
pumps and motors, 449
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Hydraulic telemotor control, 435-438
Hydrochloric acid, 44, 352

used in boiler maintenance, 44

used in distilling plant maintenance, 352
Hydrometers, 111
Hydrostatic tests, 94, 95

Impingement erosion, tube damagedby, 314, 315
Impure water, 369, 370
In-port steaming, 36
Inspections
alr compressors, 426
cooling equipment, 410
piping systems, 252
underway, 189
watersides, 52
Internal combustion engines, 456-481
gas turbine engines, 460-481
advantages and disadvantages of, 460
combining reduction gear oil system, 466
electrical systems and equipment,
466G-47T2
engine control panel, 471
engine oil system, 466
fuel flow diagram, 463-465
fuel oil system, 462
generator speed control system, 472-474
generator unit, 461
maintenance of, 478-480
operation of, 475-478
safety precautions, 480, 481
systems and components of a two-stage
pas turbine engine, 460-474
reciprocating engines, 456-459
diesel engines, 456-458
gasoline engines, 458
Internal fittings, 63

Jammed throttle casualties, 487-490
Jerguson truscale remote reading boiler water

gage, 29

Lamination of wall tube, 74
Lances for cleaning boiler firesides, b4
Laying up idle boilers, 50
Lifting the turbine casing and rotor, 217-220
Light=-hook pay-out device, 446
Lighting off boilers, 16-20
Lighting system, failure of, 507
Lithlum bromide, 399, 403, 404
plant, 403, 404
Lobe-type pump, 297
Log, distilling unit, 376
Loop seal, 323
Low pressure air compressors, 421-423

Low pressure double-effect distilling plant, 363
Low water casualty, 496

Low water output, 371

Lubricating oil failure, 203

Lubricating system casualties, 491-483
Lubrication of diesel engines, 457

Lubrication of gas turbine engines, 466
Lubrication of reduction pears, 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 consensate pumps driven by steam tur-
bines, 289
Main condensate pumps, reduction gears used
on, 234
Main condenser circulating pump, 234
Main condenser circulating pump turbine, 190,
192
Main condensers, 307
Main feed piping, rupture in, 505
Main feed pump, 288
Main hydraulic pumps, maintenance of, 452
Main reduction gears, 225-251
bearings, 242-248
care and operation of, 235
casings, 228
for auxiliary machinery, 225, 233-235
lubrication, 236
main reduction gears, 226-251
maintenance of, 238-242
propellers and main propulsion shafting,
248-251
turning gears, 230-233
worm gear, 225
Main shaft oil seals; replacement of, 450
Main steam system, arrangement in split-plant
operation, 486
Main steam turbines, 178
Maintenance
air compressors, 423-426
air conditioning equipment, 406-410
air ejectors, 322
boilers, 40-95
centrifugal pumps, 291-296
condensers, 312-320
distilling plants, 355, 356
fuel oil equipment, 114-118
gas turbine engines, 478
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
refriperation plants, 382-393
rotary pumps, 303
turbine, 206-224
Manhole and handhole fittings, 82
Mechanical cooling equipment, 398-405
Medium pressure air compressors, 412
Melted cluster of tubes, T3
Metal conditioning compound, 58
Meters, fuel oil, 99-101
Meters in piping systems, 271
Methyl-purple test, 141
Micromhos, 130
Mieronie oil filter, 453
Minerals, 123
Motor-driven centrifugal pump, 280, 281
Moving-vane type pump, 259
Multi- element feed water regulators, 33
Multistage air compressors, 411, 412, 414-419

MNatural eirculation boilers, 4
MNaval Ships Systems Command, 41
Navy boiler compound, 153-156
Navy special fuel oil, 108

Nested gearing, 225

MWitriec acid burette, 133-135

il fires, 502
Oxyeen contamination of boiler water, 122

Packaged unit air conditioners, 405
Paralleling boilers, 20-22
Phenolphtalein alkalinity test, 134-141
Phosphate control treatment of boiler water,
156
Phosphate tests, 148
Piping and fittings, maintenance of, 448
Piping systems, 252-274
appliances for, 267-274
expansion joints, 271
meters, 271
steam traps and drains, 269-271
steam whistles, 272-274
strainers, 268
care and maintenance, 252-257
emergency patch, 256
flareless fittinps, 254
gaskets, 253
inspection of sea valves, in dry docl, 266
marine growth, 253
piping repairs, 255

removing foreign matter, 265
repairing insulation, 257
gafety precautions, 258
galt water systems, 255
tests and inspections, 252, 266
ingpection of sea valves in dry dock, 266
threaded connections, 254
unions, 254
valves, 257-287
inspection of sea valves in dry dock, 266
maintenance of, 263- 265
remote-control operating gear, 267
types of, 257-263
Pitting, localized, 127
Plastic patches, 78
Prneumatic-pressure-controlled reducing
valve, 260
Pneumatic reducing valves in piping systems,
2h4
Pressure-pump governor, 261-263
Pressure reducing valves in piping systems,
264
Pressurized furnace boilers, 15
Printer type 1403, 315
Propeller shait locking device, 232, 234
Propulsion and auxiliary 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 reduction gears, 226-251
maintenance of, 238-242
propellers and main propulsion shafting,
248-251
turning gears, 230-233
worm gear, 225
Propulsion steam turbines, 188
Pumps, 275-304
centrifugal pumps, 287-2096
maintenance and repair, 291-236
operation and operating troubles, 290, 291
safety precautions, 29§
use in naval service, 288-280
reciprocating pumps, 275-286
emergency feed pumps, 279
maintenance and repairs, 281-286
operating troubles, 279-281
safety precautions, 286
use in naval service, 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, 259, 300
operating troubles, 301-303
rotating plunger pumps, 298, 209
safely precautions, 304
screw pumps, 297
simple gear, 296
use in naval service, 300
variable stroke pumps, 286, 287
Pump failure in turbine installation, 204
Pumps and motors, hydraulic systems,
maintenance of, 449
Pumps, fuel il service, 96-98

Quadrant type steering gear, 434

Radial air compressor, 422
Radial-piston variable stroke pump, 287
Reamer for removing expanded tube ends, 317
Reclprocating air compressors, 415
Reciprocating engines, 456-459
diesel engines, 456-458
gasoline engines, 458
Reciprocating pumps, 275-286
Reducing valves in piping systems, 259
Reduction gears and related equipment, 225-
251
bearings, 242-248
care and operation of, 235-238
casings, 228
for auxiliary machinery, 225, 233-235
lubrication, 236
main reduction gears, 226-251
maintenance of, 238-242
propellers and main propulsion shafting,
248-251
turning gears, 230-233
worm gear, 225
Relractories, casualties to, 502
Refractories used in naval boilers, 74-82
Hefrigerant 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 of cooling coils, 382
pumping down a refrigerant system,
383
selting 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 procedures, 379-382
R-12 refrigeration system, 377-394
safely precautions, 393, 304
steam- jet refrigeration system, 377
vapor compression cycle relrigeration
system, 378
Relief valves installed on piping units, 259, 265
Remote-control operating gear in piping sys-
tems, 267
Right-and-left screw steering gear, 432, 433
Rotary pumps, 206-304
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
refrigeration plants, 393, 394
rotary pumps, 304
turbines, 224
waterside work, 48
Safety valves, boiler, 85-94
Salionmeter and sampling pot, 354, 355
Salt-water heater, 360
Salt water piping systems, 255
Saybolt Furol viscosimeters, 108-111
Scab formed over oxygen pit, 127, 128
Scale, 124-126
Screw pumps, 297
Sea valves in dry dock, inspection of, 266
Sea water contamination of fuel oil, 77
Sectional header boiler, T
Securing boilers, 37, 38
Shell or torpedo hits, engine and fireroom
casualties from, 504
Ship's service and emergency circuits, 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-furnace boilers, 11-15, 18, 38
lighting off, 18
securing, 38

Single-ram electrohydraulic steering gear, 432

Sludge, 123-125

Smokepipes and uptakes, maintenance of, 63

Sodium thiosulfate, use in dissolved oxygen
test, 168, 173

Soloshell double effect distilling plant, 329, 333

Soot blowers, 83

Soot blower method of washing boller fire-
sides, 57

Spark ignition (gasoline) engine, 456

Split-plant operation, 484-486

Standing by, procedures for, 197-199

Starch solution used in dissolved oxygen test,
168, 172

Steam capstans, 444

Steam=driven steering pear, 432, 433

Steam drum safety valve, 85-88

Steam-jet relrigeration system, 377

Steam-pressurizing an idle boiler, 51

Steam traps and drains, in piping systems, 269

Steam turbine 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

Strainers in piping systems, 268

Stuffing box glands, 318

Submerged tube distilling plants, 328-355

Torpedo hits, enginercom and fireroom
casualties from, 504
Training, casualty control, 483
Triple-effect distilling plant, 329, 335-341
Tube-nest drain regulator, distilling plant
equipment, 341, 344
Tubes, boller, 42-44
cleaning, 42-44
inspection of, 165
Tubes, condenser, 314-319
Turbine and locked train double reduction
gearing, 227
Turbine casualties, 488
Turbine-driven main circulating pumps, re-
duction gears used on, 234
Turbine maintenance, 206-224
adjustments, 209-212
checking rotor balance, 220
checks and inspections, 206-208, 220
rotor balance, 220
dock trials, 223
general care of, 206
lifting the turbine casing and rotor, 217-220
lubrication, 208
nozzle control valve repairs, 215
precautions to prevent eniry of foreign
matter, 208
proper vacuum, 206
reassembling a turbine, 220
renewal of shaft packing, 216
safety precautions, 224
sealing turbine flange joints, 221, 222
getting overspeed trips, 222
turbine bearing, 212-215

maintenance, 346-355 Turbine operation, 178-205

operation, 341-346
types and components, 333-341
Sulfamie acid, used in cleaning, 44, 352
distilling plant equipment, 352
watersides, 44
Supercharged boilers, 15
Superheat control boiler, 5
Superheater casualties, 501-503
Superheater tube, carryover in, 128, 129
Switchboard failure, 506

Tanks, fuel oil, maintenance of, 119

Tests and inspections for compressed air
plants, 426, 427

Tests and inspections for piping systems, 252

Thermal crack, T1

Thermostatic steam trap in piping systems, 269

Thief samplers, 113

Thin=lipped rupture, 70

Tool murks, 68
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anchoring and securing, preparations for,
200

auxiliary sleam turbines, 189-192
-:'.uzsl.lﬁulutas with turbine installations, 201-

0

hot bearing, 205

jammed throttle, 204

large loss of cil, 204

loss ol vacuum, 204

lubricating oil failure, 203

pump failure, 204

salting up, 204

vibration and/or unusual noise in tur-

bine, 202

engineroom operating procedures, 192-187
propulsion steam turbines, 188
standing by, procedures for, 197-199
steam lurbine proupings, 180-188
steam turbine propulsion plants, 178-180
underway inspections, 198
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Turbo-electric drive, 179, 180

Turbogenerator, 310

Turning gears, 230-233

Two-shell double effect distilling plant, 328
333

Two-gtage condensate pump, 289

Tyndall Light cone test, 168

Underway inspections, 198
Underway operations, 22-38
automatic gontrol of combustion air, 35
control of boiler pressure, 35
control of boilers for cross-connected
cperation, 35
control of combustion air, 26
control of feed water, 27-3%
control of fuel oil, 23-26
effect of steam catapult operation, 36
lowering superheat for astern operation, 36
low steam pressure, 35
rotation in use of boilers, 36
steady steaming, 23

Valves, fuel oil service equipment, 98
Valves, piping system, 257-267
inspection of sea valves in dry dock, 260
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
operalion of the Model ¥-1 unit, 370-378
Vapor compression cycle refrigeration system,
378
Variable stroke pumps, 286, 287

Ventilation equipment, 395-308, 405-409
heaters, 405
maintenance of, 406-408
Venturi-type injector, 58
Vertical air compressors, 411, 412
Vertical feed basket distilling plants, 329,
363-369
flow circuits, 363-369
opergtion and maintenance, 369
Vibration and/or unusual noise in turbine, 202
Viscosimeters, 108-111
Volute pump, 287

Warming up main turbines, 196
Water coolers, 399-405
Water gage, 29
Water gage glasses, 27, 84, 502
casualties to, 502
maintenance of, 84
Waterproof ventilater, 397, 308
Waterside corrosion, 127
Watersides, maintenance of, 40-49
Waterside thinning, 70
Water treatment chemicals, 123
Windlasses, electrohydraulic anchor, 440
Worm pear and quadrant type steering gear,
auxillary equipment, 434
Worm gear, reduction pears, 225

Yarway remote water level indicator, 28

Zero hardness, 141, 148

Zine rods and plates provided in distilling
plants, 356

Zincs installed in condensers, 313
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