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PREFACE

Air-Conditioning Mechanic has heen designed to provide Marines, Corporal and below, in
MOS 1181, with a comprehensive coverage of air conditioners and air-conditioning systems.
Combining the principles presented in this course with on-the-job training will prepare
Marines to ingtall, operate, test, maintain, and perform limited repairs to air-conditioning
units and systems,
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TM 5-670 Refrigeration, Air Conditioniag, Mechanical Ventilation, and
Evaporative Cooling, Feb 1962

TM 5-4120-222-15 Air Conditioner: Compact Vertical Models CE 20 VALS and
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T™ 5-4120-239-14 Overator. Organizational, Direct Support, and General
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MCO 10230, 2 U.S. Marine Corps Military Standard Air Conditioners,
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Chapter 1
PRINCIPIL.ES OF AIR CONDITIONING
1-1. INTRODUCTION

a. General, -Some 30 to 35 years ago places such as schools, office buildings, factories,
and homes were not air conditioned, About the only place to get cool on a hot, humid day was
the local movie theater, and even there the humidity was not controlled; just the temperature
was lowered, Most people in those days relied upon a system of fans or a nice shady spot on
the back porch to get cool, World War II, as it did to so many technical fields, brought about
a big change in air conditioning, A large demand for improved technical methods and higher
industrial production resulted in a need for improved equipment and techniques with regard to
controlling atmospheric conditions, Today, the armed forces, as well as industry, have
reached a point where highly trained personnel are needed to operate the equipment that controls
our environment, The day of the pedestal floor fan and the small oscillating fan are gone, We"’
now depend on machines to control and condition the air that surrounds us., We have advanced
to the point that proper control of atmospheric conditions has become almost a necessity, For
example, electronic equipment will corrode and become useless because of high humidity,
I'raining aids, data processing machines, photographic latoratories, storage vaults, hospital
laboratories, and operating rooms must all be air conditioned to insure that the air is kept
dust free, and that temperature and humidity are maintained at a prescribed level, Air con-
ditioning is also necessary to maintain the health, morale, and efficiency of trvops, People,
along with the equipment they work with, require satisfactory working conditinns and climate,
To keep pace with the ever=-increasing technical nature of the mission of the Marine Corps, the
development and installation of air+conditioning equipment has become a necessity. Air con-
ditioning is the process of conditioning the atmosphere in a given space in order to maintain a
predetermined temperature~humidity relationship to meet optimum comfort and technical re-
quirements, This process includes both cooling in the surnmer and warming in the winter,

b, Purpose of air conditioning, Today air conditioning is used by the military to control the
environment in which troops and equipment operate, This environmental control extends not
only to the temperature of the space, but to controlling the humidity (moisture content), re-
moval of foreign and undesirable particles from the air, and distribution of the conditioned air
throughout the space, Moisture, heat, and foreign particles enter the air in many ways, The
human body gives off heat and moisture, The average adult engaged in light work will give off
approximately 500 Btu’s (British tt rmal units) of heat per hour and will consume and give off
ahout three pounds of water daily, Equipment will give vp heat to the surrounding atmosphure
either through friction caused by mechanical motion or by heat created by electricity flowing
through wires, contacts, motors, etc, Moisture and foreign particles can enter a conditioned
space through windows, doors, minute cracks, ventilation'systems, and by people carrying
them on their person and clothes, In order to maintain an environment at a specific level of
control, air-crnditioning equipment is used to raise or lower temperatures, remov= moisture
and foreign particles, andto distribute air evenly through>ut the space to be controlled,

1-2, REFRIGERATION THEORY

a, General, Inorder to become a successful mechanic in any field, you must first under-
stand the principles and theories that make the equipment work, Since air-conditioning equip-
ment works on the theory of refrigeration, let us first stu:y the pasic principles and theories
hehind refrigeration theory,

b, Heat, Every ;ubstance contains heat but some will have more than oth rs, Heat is
produced by the movement of molecules within a substance; the more the molecules move, the
ngner e tempeteiute of the sibstance becomes, It ihercfore follows that the npposite is true;
the more slowly the molecules move, the lower the temperature, Put another way, the more molec~
ular action, the more heat produced and tne less molecular action, the less hea. produced, It
would also follow that a complete lack of molecular action would pruduce a complete lack of
heat or ubsolute zero, The terms hot and cold are often heard, hot meaning a high temperature
and cold meaning a low temperature, Cold cannot be produced but is simply the result of re-
moving heat, This is done by slowing the molecular action within a substance, Once the
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moleculas action of a substance is slowed, the result is not the production of cold but the pro-
duction of a lower degree of heat, leat cannot be los! or destroyed, but it can be transferred
to another substunce, Heat will travel in one direction only; from an object or substance of a
higher temperature to cne of d lower temperature, This transfer of heat will often cause many
substances to change their state; from a solid to a liquid, liquid to a gas, or vice versa, There
are different types of heat and different methods of heat transfer, Let's first look at some dif-
ferent types of heat,

(1) Sensible heat, Sensible heat is heat that raises or lowers the temperature of a snbstance -
without changing its state; that is, without changing it from a solid to a liquid, from a
liquid to a gas, or vice versa, Y

) Specific heat, This is the amount of heat, in Btu's, that is required to change the
temperature of one pound of a substance one degree Fahrenheit, Some substances
require more heat than others to produce this change in temperature, Since water
is used as the basis of comparison for specific heat values, the specific heat of water
is 1,0, All other substances have specific heat values either aboveé or below this fig=
ure, Figure 1~1 shows the specific heat value of a few common substances, The a-
mount of heat necessary to cause a desired temperature change in a substance can be
calculated quite ¢asily, Simply multiply the weight of the substance by its snecific
heat by the desired temperature change in degrees Fahrenheit, Expressed as an
equation it would be: amount of heat to be add.d or removed in Btu = weight x specific
‘'heat x temperature change in degrees Fahreuheit. '

Example: How many Btu's must be added to 20 pounds of copper to raise its
temperature from 40° to 65°F ? Specmc heat of copper is , 095
(fig 1-1),

Solution: Btu =20 x ,095 x 25

Btu = 47,5
¥ This formula will work unless the temperature -change desired would cause a change of
‘ state,
! Specific Heat
MATERIAL (Btu #)

Wood viviiii it . 327
Water i vev it invnnnnrnns 1.

b (o - . 504
Iron v iiiiniennnnnnnes . 128
Mercury ..vvveveneeeeens . 0333
Alcohol ... .oivvvvunnnn, .015
COPPer. v rienrarsnsnn . 085
Sulfur..e.vriiroserirannns 177
GlaBB . vivvirineninnnncen . 187
Graphite ..........o0u0us . 200
BricK.veeeeivevrearannss . 200
Glycerine .......o000vns, .576
Liquid Ammonia at 40° F, 1,1
Carbon Dioxide at 40° F, ., . .6
Methyl Chioride at 40° F,, .38
Sulfur Dioxide at a0° F.... .35

'Fig 1-1, Specific heat values,

(3) Latent heat, IL.atent heat is heat that is added to or removed from a substance
causing that suhatance to change state (i,e.. melt, freeze, boil, or condense)
while remaining at the same temperature, As you know, water tan exist at 32° §
in liquid form and also in solid form (ice). In order for water to change from
liquid to solid it is necessary to remove an amount of latent heat. in order for
it to change its staie from ice back to water, the same amount of latent heat must
oe added. This is known as the latent neat of fusion or melting, There is another




latent h-at, the latent heat of vaporization or condensation. As it is possible to have both
water and steam at 212° F, {4 would then follow that a certain amount of heat is neces-
sary to cause the change of state, The amount of heat required to cause vaporization

or condensation of water is 970 Btu's per pound; to cause fusion or melting, 144 Btu's per
pound would be necessary,

(4) British thermal unit (Btu). A Btu is defined as the amount of heat required to raise the
temperature of one pound of water one degree Fahrenheit, Conversely, if water is
cooled, Btu's would be removed. There are no instruments for measuring Btu’s but
they can be calcuylated by the temperature change.

Example: IHow much heat would be required to raise the temperature of 73
pounds of water from 33° 1o 73°F?

Solution: Btu = wt, x degree change

Btu =73 x 40
Btu.= 2920

Example: If you .1ad 50 pounds of water and wished to lower its temperature
from 80" to 32YF, how much heat would be removed ?

Solution: Btu = wt, x degree change

n

Btu = 50 x 48

Btu = 2400

(5) Heat transfer, Heat can be transferred from an object of higher temperature to one
of a lower temperature, The transfer of heat will take place until both objects reacn
the same temperature, There are three methods of transferring heat: conduction,
convection, and radiation.

(a) Conduction (fig 1=2), Conduction of heat is accomplished by transmitting heat from
one pait of an object-to another part of the same object or from one substance to
another when the substances are in direct contact. This can be seen in flgure 1-2,
By placing cne end of the metal rod in the flame, it will become warmer than the other
end. The heat will flow along the rod raising the temperature of the cold end, Metals,
such as iron, copper, or silver, are good conductors of heat; other materials, such as
glass and cork, are not, Materials that offer a low resistance to the flow of heat are
called conductors; those that offer a high resistance to heat flow are referred to as insu-
lators, Conduction is aided by providing large surfaces of good heat-conductors,

-
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I'ig 1-2, Heat transfer by conduction,

(b) Convection (tig 1=3), Convection can be expiained by toilowlng the principie benind
a simple heating system such as the one showrn in figue 1-3. First, air is heated
and allowed to escape into an area where the air is cooler, Since air expands when
it is neated, it becomes lighter than cold air, ‘I'he cold air will flow under the hot
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air, forcing the hot air to flow above the cold, As the temperature hecomes equal-
ized, the air will begin to fall back towards the heating source and the cycle begins
over. Convection is aided through the use of fans, such as in a forced-cunvection

heating system,
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Fig 1-3, Heat transfer by convection.

(c) Radiation (fig 1-4). This is usually accomplished through use of heating coils and
u a reflecting surface, The heatirg coils will prcduce the heat and the reflecting sur=-
face will direct the heat toward a given area, Since dark colors usually absorb
heat and light ones reflect it, heat transferred by radiation is usually provided with
a background of white or silver, '

’/ “

HEAT TRANSFER
LY RADIATION

\_. - heater

Fig 1-4, Heat transfer by radiation,

¢, Temperature und its measurement,

(1) General, The relative degree of a substance’'s warmth is called temperature, This
{s not to be confused with the quantity or amount of heat in a substance, but is merely
the sensible or measureable warmth of the substance, An ordinary thermometer is
used to measure temperature, There are twc types of acalés in common use today to
measure temperature, Fahrenheit and centigrade. Both of these scales were arbitrar-
ily chosen by scientists and both employ a glass tube of uniform bore, a bulb at the
bottom of the tube, and contain a liquid, usually mercury or alcohol. The Fahrenheit
scale is divided into 180 equal divisions between the freezing (also melting) ard boiling
point of water, whereas the centigrade scale is divided into 100 divisions, Wrter will
frecze (melt) at 52° on the Fahrenheit scale and boil at 212°, On the centigrade scale,
water freezes at 0° and boila at 100°C, A comparison of the two scales can be seen

in figurc 1-5, Water was chosen as a standard for these thermometers because it has
a very constant freczing and boiling point, and is an exiremely cuuLuoh stbstance.
1-4
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(2) Conversion, Although the Fahrenheit gcale is most commonly used in air-conditioning
work, it sometimes becomes necessary to convert Fahrenheit to centigrade and vice
versa, To convert Fahrenheit to ceutigrade, subtracc 32 from the Fahrenheit temper-
ature and muitiply the remainder by 5/9, i.e., C=5/9 (F-32), To ccnvert centigrade

to I"ahrenheit, multiply the centigrade temperature by 9/5 and add 32°, Expressed as
a formula, F= 8/5 C+32, ) ;

.
.

Example: Convert 41°F into centigrade,
Solution: C=5/9(F = 32)

C= 5/9 (41 - 32)

C=5/9(9)
C=5/9x 9/ T2
C= 5°

Example: Convert 20°C into Fahrenheit,

.

Solution: F=9/5C + 32 -
F= 9/5 (20) + 32
F= 9/5 x 20/1 + 32
F= 36 + 32
F= 68°
d. Pressure,

(1) General, Before an air conditioner can operate properly, a pressure difference must .
exist across the system, Pressure is expressed as the force per unit of area exerted
cn supporting surfaces, usually expressed in pounds per square inch (psi) or pounds
per square foot, The atmospheric or air pressure that is exerted on the human body
at sca level is 14.7 psi. Every substance will exert a pressure on the surface that
supports it, For example, a table will exert pressure on the floor through its legs.

A liquid, such as water in a pail, will exert pressure on the bottom . ad sides of its
container, A gas, such as helium in a balloon will exert a pressure on all sides of its
container to an cxtent that depends on the temperature and the volume of the gas,
Gases and liquids have a definite pressure~temperature-volume relationsiip which 1s

y
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of great importance to the proper operation of an air-:onditioning unit or system, This
relationship will be discussed in paragraph 1-2e,

(2) Measuring pressure, Pressure is commonly measured with a gage, Illowever, it can
also te indicated in inches of mexzury or inches or feet of water, A standard atmos-
pheric pressure of 14,7 psi (atmospheric pressure at sea level) will support a co'umn of
nmercury of 29,92 inches and a column of water of about 34 feet, Pressure measured
with a gage will be measured atove atmospheric and is stated as pounds per square
inch gage (psig), Pressures below atmosgheric are usually indicated in inches of mercury.
When working with air-conditioning equipment jt wili often be necessary to use absolute
pressure (psia) for proper computation of pressure and volume, Absolute pressure is
gage pressure plus atmospheric pressure, In order tu convert gage pressure to abso=-
lute, you simply add 14,7 to the gage reading. ha

Example: What is the absolute pressure when the pressure gage readq 30 psi?

Solution‘i 30 + 14,7 = 44,7 psia,’ °

e. Pressure-temperature~-volume relationship, Understanding the relationship of pressure,
tempesrature, and volume and their effect on refrigerants is vital in understanding the refriger=
atlon cycle of an air-conditioning system or unit, The pressure~temperature-volume relation=- .
ship of gases is expressed by three laws; Boyle’s law, Charles’ law, and the general gas law,

Boyle's law states that the volume of a gas varies inversely with its absolute pressure,
provid.d the temperature remains constant, Stated as an equation; V P, = Vzp'. Boyle’s law
*can be stated in simpler terms by saying; when the temperature is heid constant, increasing
the pressure on a gas will cause a proportionate decrease in the volume; decreasing the pres-
sure will cause a proportionate increase in the volume, For example; a volume of gas, say five
cubic fert (cu ft), is placed in a cylinder and a piston exerting a pressure of 50 psig is inserted
*in the_ end of the cylinder to hold the gas in. Now, if the pressure on the piston is increused to
250 psig, the piston would move into the cylinder until the volume is decreased to one cu {i. If the
pressure was decreased to 55 psig, the piston would move out of the cylinder until the volume was
10 cu ft.

Charleg’ law states that the volume of confined gas varles proportionately to its zbsolute
temperature, provided the pressure is kept constant, Likewilse, the pressure varies rropor-
tionately, to the absolute temperature, provided the volume remains constant. Stated more simply:
when the pressure is cenulant, increasing the temperature of a gas will cause an equal incresa. o
in its volume, When the voiume i3 kept constant, an increase in temperzture will cause an equal
increase in pressure, Ewvpressed as formulas:

Constant pressure V1T2 = V2T1

-

Constant volume P1T2 = P2T1

The general gas law is a combination of Charles’ and Boyle's laws and expresses the re=-
latiunship between&ejzolume, the absolute pressure, and the absolute temperature of gases,
The general gas 1law 1s exprrssed by the equation: Y- = 5%’-'—

It shoul¢ be noted here that whenever any of these formulas are used only absolute pres-
sures and temperatures are to be used. It should also be noted that we have sald that volume
and temperature of gas are different after the pressure changes, It is important to note how=~
ever, that the temperature chaage will take place while the pressure changes, Compressing
the gas raises its temperature; expanding the gas lowers its temperature, As you will see this
is an important factor in the refrigeration cycle,

1-3, THE REFRIGERATION CYCLE

a, General, The refrigeration cycle is common to.all machines made for lowering and con=-
trolling che temperature in our evervday living. This cycle produces a lower temperature throueh
utilization of pressure differences and phase changes, The changes necessary to produce and con-
trol the pressure differences are made through the use of two systems: the compression system and
the abscrption system, These two systems differ in that the compresgsion system uses mechan=
ical cnergy to produce the necessary change in conditions and the abso>"tion system uses heat
energy, :

1-6
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h., Compression system (fig 1=6), The compression system produces a lower ternperature
by employing the theory of latent heat, pressure differences, and heat transfer, The transfey’
of heat is accomplished by using a liquid (refrigerant) which vaporizes at a low temperature and
pressure, Once the vapor has absorbed the heat, it is compressed and raised to high temper-
ature and pressure, It is then condensed back to a liquid - thereby dissipating the heat, Thus
this cycle consists of a high~pressure side and a low-pressure side, As the piston moves dowan,
low=pressure gas enters the compressor through the inlet valve, As the piston starts up, the
vapor is compressed increasing the temgerature and pressure, (This temperature increase is
greater than the temperature of the cooling medium which gurrounds the condenser,) When the
piston approaches the top of the cylinder, the discharge valve opens and the high~pressurc, high-
temperature vapor moves to the cordenser, The condenser, a series of tubes, is sufrounded
by a cooling medium (us.ally air or water), The latent heat of condensation is surrendered to
the cooling medium and the vapor becomes a high-pressure, high-temperature liquid, From
here the liquid flows 'on to the receiver, which is merely a storage place for the liquid until it
is needed by the_refrigerant control (usually an expansion valve), The expansion valve reduces
the pressure of the liquid and meters it into the evaporator, where it absorbs heat from the
area to be coo'ed and vaporizes to a low=pressure, low-temperature gas, Then the gas enters
the suction line leading to the compressor completing the cycle., A study of fig.re 1-6 will show
that the refrigeration cycle is divided in half with respect to pressure., From the compressor,
through the condenser and réceiver to the expansion valve is the high side of the cystem,. From
the expansion valve through the evaporator and back to the compressor is the low side, Regard-
less of size and manufacturer’s design of air-conditioning equipment, the refrigeration cycle
of all cornpregssion systems will be the same,

- s o o T T
ZVAPORATOR i
| -~ P “— Liouip LINE
] E TSEXPANSION
VALVE y

SUCTIiON LINE

COMPRESSOR CONDENSER RECEIVER _
[~~~ LoW-PRESSURE LIQUID

LOW-PRESSURE GAS
HIGH-PRESSURE GAS
HIGH-PRESSURE LIQUID
~— HEAT

i'ig 1-6, Compression system,
1-4, COMPONENTS AND CHARACTERISTICS OF AIR

a, Characteristics of air, Air is not a single substance, but is a mixtere of various gases,
Approximately 207 of the air is oxygen; a little less than 80", is the inert gas nitrogen; about
0,08 " is carbon dioxide; an 1 the rest (less than 1%) is a mixture of argon, helium, krypton,
neon, xenon, and hydrogen. These are the components of dry air, Air will also contain forcien
matter and water vapor, It is affected by weather conditions and is subject to gain and loss of
heat, Since air-conditioning equipment must be able to remove water vapor and foreign matter
from the air and counteract the effects of weather and heat gain or loss, it is necessary for you
to know how each of these things will affect the design, construction, and instaliation ot airs
conditioning cquipment,
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b, Foreign materials, The air that is dsed for air conditioning or ventilation containg many

impuritics ranging from carbon (from incomplete combustion), dust (from the ground), to rtib-
ber particles from tires, .plant pollen,and lint from clothing, The size, quantity, and type of
dust particles picked up by a system vary over a wide range,
many particles of dust sraller than 5 microns (1 micron is approximately 0,001 millimeter or
about 0,U0004 in,), However, many of the dust particles are larger than 800 microns, or

"

The atmosphere may include

about 1/32 in, Figure 1-7 shows a comparison scale of dust particies in microns,

c, Removing foreign materials, Since air-conditioning intakes are usually placed near
horizontal surfaces from which all this foreign matter can be picked up and distributed, the
system must con"f&@ a filtering device of some kind, Removing dust particles from air that is

4

DUST PARTICLES CARRIED IN THE ATMOSPHERE
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Fig 1-7, Atmospheric dust particles,

to be used by an air-conditioning system can be accomplished by any of the following methods

of filtration,

A
(1) Air washing, This is done by
water,

(2) Lry filtering,
screen, animal hair, hemp fibers, fiberglass, or glass wool.
the filter and changes directic. several times,

These

Mtiers are made of porous material such as steel wool, wire
The air passes through
The dust particles will collect ou: the

fibers, thus cleaniag the air,

5]

forcing the air through a spray chamber or a screen of

(3) Wet filters, Wet filters are made up of the same materials 4s a dry filter; however,

they are coated with a viscous material, usually oil, The air passes through them and

dust particles ar. collected in the same manner as with the dry type, As dust particles
¢.llect in both the dry- and wet-type filters, resistance to the flow of air through them

is increased, These filters will have to be cleaned or replaced depending on whether

they are the cleanable or throw-away .ype.

(4) Electrostatic filters,

is passed between parallel plates,

(5) Centrifugal separation, To filter dust particles from the air in this method, the air is

These filters remove dust particles by passing the air between
two electrodes and imparting an electrical charge to each dust particle, Then the air
The electrostatic field that is created between the
charged plates and the grounded plates drives the charged particles to the grounded
plates where they accumulate, The grounded platee are usually coated with a thin
layer of oil to insure that the dust particles stay on the plates,

circulated at high speed,
of the air,

d, Air and water vapor, Because air-conditioning equipment must be able to maintiiin a

certain humidity level (depending on the equipment’s design) and the humidityv level of the air
depends on the amount of water vapor that it contains, you should be familiar with how water

L J

The centrifugal force that is created will force the dust out

vapor affects the air, Water is usually present in air, however, it will vary in quantity from

day-to-day depénding uu ihe wealier.

et

Wwater vapor is present i ail 48 au v ioivié gas and is
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in the forn: of super-heated steam, However, when eir is cooled to the dew point,
steam in the afr starts to condense and may appear as a mist or condensation on cold surfaces,

Water vapor is not absorbed or dissolved 9y air; it is 8imply mixed with air as you might mix sand
and water, The temperatare of the watexr vapor and the air is always the same,

(1) Saturated air, Saturated air is air that contains all the water vapor it can possibly Lnld,
This can be comparad with a can filled with sand, Although the can is completely filled
with sand, there will =till be airapaces in it, If you were to pour water over the sand
until all the spaces were completely filled, as soon as no more water could be added,
you could say that the sand is saturated with water, The same is true with air, Air
will hold different amounts of water vapor, When it is holding all the water vapor pos=

o © sible, it is saturated, Thue amount of moisture in the air at its saturation point varies

with the temperature of the air, The nigher the temperature of the air, the inore mois-

ture it can hold,

(2) Dew point. The saturation point of air is usually referred to as the dew point, If the
temperature of air falls below itg dew point, some of the water vapor in the air must
condense to water, generally into drops, The dew that appears on foliage early in the
morning is condensation, Dew will normally form when the air is moist and there is
a drop in temperature, The sweating of cold pipes is also the condensation of dew from
the moist air coming in contact with the cold surface of the pipes, Similarly, water vapor
condensing on surfaces with temperatures lower than 320 F will form as frost or ice,

(3) Condensation of saturated air, Condensation of water vapor from the air can take place
at any temperature below the dew point, In nature, moisture is condensed on foliage and
other suriaces as dew if the dew point #s above 320 F, If the temperature is below freez~
ing, the moisture condenses as fi *st Above the earth's surface, it condenses as mist;
when the mist is very thick, tue m ‘ure is called fog, If such condersation on dust
particles is high in the air, the fog -en called a cloud, Under certain conditions of
sudden cooling with a great amount . .ondensa‘ion, the droplets g.ow so large that they
can no longer float in the air and they fall as rain, Sometimes a layer of air at a temper-
ature below 32°F exists in a high storm area, Through this cold layer, raindrops may
be carried up and down several times by air currents until they freeze and fall as hail,

In cold weather, when the temperature is below 32°F, condensation on the dust particles
in the air forms snowflakes, '

1-5, AIR TEMPERATURES AND THEIR MEASUREMENTS

a. Air temperature,

(1) Sensible heat of air, Sencible heat {s measured by dry-bulb temperature, i.e., the
temperature of the air fiself without regard to the humidity that it may contain, Sen-
sible heat is the heat of dry air,

(2) l.atent heat of air, A complete absence of moisture in air rarely occurs, Probably
the only places on carth that this condition could be found would be in the desert regions,
Any water vapor that {s present in the air contains the latent heat that made it a vapor,
This latent heat of the moisture in the air is the latent heat of air,

(3} Total heat of air, Air as it exists around us is a mixture of sensible heat and latent
heat, The total heat of air would be the sum of the sensible and latent heats,

b. Air temperature measurements, Since air conditioning deals with the various heats of
air and the condensation of the moisture in it, three different temperatures must be considered
before you can understand and control the operations of air conditioning, These are dry=~bulb,
wet=bulb, and dew=-point temperatures,

(1) Dry-bulb temperature, This is a measure of sensible heat in the air and is measured
with an ordinary thermometer, The dry bulb does not take iuto account the latent heat
of the moisture in the air, .
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2)

(3

(4)

Wet=bulb temperature, This is an ordinary thermometer that has had its temperature=
sensitive tip covered with a piece of fabric, usually cotton or wool, which has been dip= N
ped in clean, fresh water (preferably distilled). The fabric must bie clean, completely free
from oil, and it must also be thoroughly saturated with water. The wet-bulb thermometer
will measure the ability of the air to absorb moisture. Therefore, the wet-bulb reading
will be lower than the dry-bulb, unless the air is already 100% saturated with moisture,
The wet=bulb thermometer will indicate the total heat of the air that is measured, The
difference between the wet-bulb reading and the dry=-bulb reading is known as the wet-
bulb depression, What happens is that air moving over the saturated fabric will cause

the moisture in the fabric to evaporate; Since evaporation requires a transfer of heat,

the heat will be drawn from.the thermometer’s bulb. Therefore, the wet-bulb reading
will be lower by a gertain number of degrees, .The drier the air that ic measured, the
greater the wet-bulb depression, ' '

Dew-point temperature. The dew point depends on the amount of water vapor in the air,
If ais at a certain temperature is not saturated and the temperature of this air drops,

a point will be reached at which the air is saturated, At this temperature, condensa-
tion begins, This is the dew-point temperature of the air for the quantity of water vapor
that is present,

-

Relationship between the temperatures,

(a) When the air contains gsome moisture, but is not saturated, the dew=-point temperature

will be lower than the dry=-bulb temperature and the wet-bulb temperature will be
somewhere between the two, - :

(b) AS the amount of moisture in the air increases, the differences in the thre2 temper=

atures will become less.

(c) Dnce ihe air becomes saturated, all three temperatures will be the same,

- ¢, .'sychrometry, The word psychrometry means the measurement of cold, It is the name

that has been given to the science that deals with air and water vapor mixtures, The amount of
vater vapor in the air has a great influence ori human comfort, This atmospheric moisture is

called humidity, The expression, ‘'It isn't the heat, it’s the humidity,’* is an indication of the

popular recognition of the discomfort produced by moisture-laden air in hot weather,

(1)

(2)

Relative humidity, Water vapor mixed with dry air in the atmosphere is known as
humidity, The weight of the water vapor, which is expressed in pounds or grains
occurring in each pound of dry air, is called specific humidity, The amount of mois~
ture that 1 cubic foot of air holds at any given time is its absolute humidity, For ex=~
ample, if a gallon bucket is 1/2 full of water, it is 50% full, If a cubic foot of air that
gould' hold 4 grains of moisture, actually contains only 2 grains, it is 50% full, The
ratio of the amount of moisture which the air does contain to what it could contain is
called the relative humidity, Generally it is the actual absolute humidity divided by
the absolute humidity of the saturated air at a given temperature, The equation would
be:

actual grains of water vapor per pound of dry air
percent relative humidity = { Lot i graing of water vapor per pound of dry x 100
air that could be contained at the given temperature

{An instrument used to rheasure relative humidity is called a hygrometer).

Psychrometers, Instruments for measuring both wet= and dry-bulb temperatures at the
same time are known as psychrometers, There are several different types of psychro=
meters. The one which you will use the most is a sling psychrometer (fig 1-8) which is
made up of a wet- and dry-bulb thermometer mounted side by side on a common base with

a handle that enables the wholei?faaratus to be whirled around in the air. The fabric cover-
ing on the wet bulb is saturated with distilled or clean, fresh water and then the entire appa-
ratus is whirled around in the air (four or five times) as fast as possible until the wet bulb
reaches its equilibrium. Then, a reading of both thermometers is quickly taken. The differ-
ence between the two thermometers will depend on the relative humidity of the air. Another
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type of psychrometer is the aspiration type (fig 1-9), This is a permanent setup, A
small fan {9 used to blow air past the two mounted thermometers until the wet=bulb
equilibrium is reached, The wet hulb ie saturated with water by the fabric extending
into a wetting well into which water is placed,

(3)

Fig 1-8, Sling psychrometer,

WET-BULS il ORY-BULS
THERMOMETER— THERMOMETER
AIR INLET

Fig 1-9, Aspiration-type psychrometer,

Some air-conditioning systems use recording-type psychrome‘ers., These psychro-
meters are placed at various points in the duct system and provide a continuous record
of both the temperature and the relative humidity, thereby eliminating the necessity for
frequent sling psychrometer readings, Whenever possible, distilled vater should be
used to wet the fabric on the wet=bulb thermometer since mineral deposits in tap water
will build up on the fabric and destroy its capillary action, If a psychrometer is being
used in an area where the air is heavily dust-laden and the mineral content of the water
being used is high, the fabric should be changed after every use,

Psychrometric charts, These charts are used in conjunction with psychrometer read-
ings to find the properties of a given quantity of air, There is no practical way of iso-
lating water vapor from the air and actually counting the grains of moisture in it, How-
ever, a wet-bulb depression is easily obtained and it is a direct index of the amount of
moisture present in the air, The relationship between the wet-bulb depression and the
graing of water per r ;und of dry air can be plotted on the psychrometric chart, With
no more than the we. and dry psychrometer readings, it is possible to determine rela~
tive humidity, dew point, moisture content in grains, and the total heat and volume per
pound of dry air, Figure 1-10 shows a psychrometric chart which is constructed for
standard atmospheric pressure at sea level, (29,92 inches of mercury), Other charts
are constructed for high altitudes and situations where abnormally low surface pres-
sures exist,

1«11
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®)

Use, To use the psychrometric chart, assume that the readings taken with a sling
psychrometer ware 85°F dry bulb and 70,8°F wet bulb, Locate the dry=-bulb tem=
perature (85°F) a. .he hottom of the chart, Plot the 85° line straight up, then find

the 70, 8OF wet~bulb temperature line located along the top curved line on the chart,
Plot a line slanting downward from left to right, a fraction below and parallel to the
71° line, until it intersects the 85° line already plottel, You will no ce that the point
of intersection is near the 50% relative humidity line (the heavy curved line), Now plot
a line horizontally to the left until it intersects the wet=bulb scale; this will give you

a dew point of 64, 5° F, The steep diagonal line running through the wet- and dry=-bulb
intersection point tells you that 1 pound of air under these conditions will occupy ap~
proximately 14 cubic feet, Projecting a point horizontally to the right will show that
there are 91 grains of water per pound of dry air, - Total heat, found by following the
wet-bulb ‘ine upward to the left, is 34,70 Btu per pound of air, This is the heat rep=
resented by dry air plus the latent heat that is present at tl.ds degrze of partial satur-
ation (50% relative humidity). Now try a sample problem,

Sample problem. Assume that your sling psychrometer readings were 95°F
e =

dry bulb and 86°F wet bulb, Find the relative humidity, dew-point, cubic feet
ner pound of dry air, grains of water per pound of dry air, and total heat,

Answers:
Relative humidlty. . . L] L] [ ] [ ] L] L] L] . L] 7370
Dew point- e 0 s 8 8 8 0 9 0 8 s s s e 84°F

14,52
178 grains
50, 3 Btu per 1b of dry air

Cuftperlbofdryair , ¢« v o « ¢« o + s
Grains of water per |b of dry air ., . .
TOtalheat......-...-o--.-

u ¢ un opon

Application, Most air=conditioning systems are designed to produce 74° to 80°F dry-
bulb temperature and maintain a relative humidity between 45% and 50% in the air-
conditioned space, By using the psychrometric chart and the sling psychrometer, '
you are able to determine whether the equipment is operating efficiently and meeting
design conditions, Air that is too “'wet'’ prevents moisture from evaporating from
“the skin and causes more discomfort than air that is too warm, Therefore, obtain-
ing the relative humidity of the air-conditioned spaces should be the first step in
estimating the performances of air-conditioning equipment, If a system has been
properly designed and installed, high humidities can be traced to improper operation
of refrigeration system components or to an {ncrease in the volume of air (cubic feet
per minute) that is delivered to the air-conditioned spaces by the system's blower

or fan, Common. sense tells us that the air leaving the evaporator coils must be lower
than room temperature in order to produce a cooling effect. This temperawure dif-
ference is usually between 15° and 200, However, the exact difference is determined
by the volume, in cubic feet per minute, of air-that is delivered to the space, The
larger the volume of air, the less temperature diffe.ence is necessary between the
room and the air leaving the evaporator coil, Conversely, the less the volume of -
air, the greater the temperature difference required, Size and placement of cool

air outlet grilles determine the velocity of the delivered air as well as its volume
per minute, Initially, this is a design problem in which the objectives are to supply
sufficient cool air to take care of the heat load and to keep air velocities down to a
point where objectionable drafts and noises are prevented.
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1-6, MEASURING AIR VELOCITIES

a, Airflow, Proper distribution of the cooled air is vital to the satisfactory operation of an
air-conditioning unit, To calculate the volume of air in cubic feet per minute needed per ton of
refrigerant capacity, the following factors must be known: (1) The predetermined difference
between inside iir (Inside dry-bulb design temperature) and the tempe -ature of the air leaving
the cooling colls, and (2) the sensible heat load of the conditiuned space, After the volume of
alr delivery has been determined, the system can be checked for proper operation by measuring
the air velocity at coil faces, grilles, and in the interior of ducts (there are various instruments
used to measure the air velocity), Any reduction in the amount of air that is being delivered will
indicate that either the flow of air i{s being blocked by the accumulation of frost, scale, or
dust on the evaporator coils; or that improper maiptenance of the blower and associated
duct work is causing a loss of efficiency. The most common instruments used to tneasure
ait velocity are the manometer, pitot tube, anemometer, and the direct-reading velocity meter,

b, Manonmetery, There are two types of marometers used to measure air velocity: the
U-type (fig 1-11) and the slant type (fig 1-12),

GAGE TUBES TC
* AIR DUCTS {

i

GAGE TUBES TOAIR

["1 4~ DUCTS N
| N

|
. \
INDICATION GRADUATED
IN INCHES OF WATER

——od

cna

»
]
R
]

INDICATING FLUID | ! INDICATING FLUID

INDICATION GRADUATED
IN INCHES OF WATER

FFig 1=-11, U-type manometer, Fig 1-12, Slant-type manometer,

The U -type manometer measures the pressure in two places; {ts scale is calibrated in inches of
water, Tt is used to measure the pressure difference between an air passage and the atmosphere,
or between two separate passages, To do either one, use flexible tubing to connect .he openings

of the manometer to the spaces to be measured, The gage reading will be the pressure which is
exerted on the free flowing liquid and will be in inches of water, The slant-type manometer is usu-
ally used to measure the pressure drop across a filter in a duct system, The slant-type manom-
oter operates niuch the same as the U -type, but must be perfectly level wheneve: .t is used. It

is also used with the pitot tube to determine air velocity within a duct system,

¢. Pltot tube (fig 1-13), The pitot tube, used in conjunction with 1 slant manometer, will
dutermine the total velocity pressure in a duct system in inches of water, The pitot tube is
constructed of two tubes, one enclosed in the other, The end of the tube is'placed in the air
passage so that the opening in the end of one tube will pick up the airflow and measure the total
The other opening consists of small holes aiong the side of the tube (arranged so the

pressure,
air will flow past them) and measures the static pressure, When these two pressures are con-
nected to the slant marometer, the difference between them will be the veloeity in inches of

wialer, To insure correct velocity readings in a duct, several readings should be taken in dif-
ferent ptaces in the duet and the readings averaged,
. .
d. Direct flow velocity meters (fig 1-14), This type velo~ity meter is calibrated to read
“he adr v elocity in feot per minute, [t may be placed direetly in the air stream or may be con-
nected through a flexible tube to gpeeial jets which permit the taking of velncity readings.
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Fig 1-13, Pitot tube, - 'Fig 1-14, Direct-reading velocity meter,

e, Anemometer (fig 1-15). The nemometer is used to measure air velocities at duc. open-
ings, It is moved across the entire area of the duct opening for a given period of time and the
average velocity in feet per minute is calculated. .

Fig 1-15. Anemometer,
1=7, COOLING REQUIREMENTS

Maintenance personnel need not be thoroughly versed in the intricate design computations
of an air-conditioning system. However, they should be familiar with the many factors that
affect the design computations and the capacity of a particular unit, Before air-conditioning
equipment is installed in a particular space, an estimate of the hourly heat load in Btu's is
made. This estimate includes heat that is created by solar radiation, moisture infiltration,
lights, power equipment, sunlight coming through windows, latent and gensibie heat given off
by people, and the amount of activity within the air-conditioned space, This estimate will not
apply throughout a 24-hour period during the cooling season, However, the equipment is
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designed to operate efficiently under all of the combined effects of the heat-producing factors,
As a result of the estimate, it is decided to install equipment that has so many *‘tons’’ of cooling
capacity, One ton of refrigeration in equal to the removal of 12, 000 Btu's per hour. This would
be equivalent to the cooling effects of melting 1 ton of ice in 24 hours, Such design data can be
obtained from charts and original design specifications, and should be used to analyze the per=

formance of any individual air-conditioning system,
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Chapter 2
REFRIGERATION COMPONENTS AS APPLIED TO AIR -CONDITIONING EQUIPMENT
2=1, GENERAI. PURPOSE AND APPLICATION OF REFRIGERATION COMPONENTS

a, Purpose, Refrigeration equipment cools, dehumidifies, and distributes air to a gisen
area, Air-conditioning equipment must also be able to remove impurities such as smoke, dust,
and other particles from the air used to condition a given space, The requirement of removing
heat und moisture remains the same; however, the methnds of distributing the air and the ad-
ditional requirement of filtration become quite compliex, Methods of distributing the conditioned
air range from delivery into the space through louvers and grilles in the front of the unit {such
as with a window unit) to delivery through intricate duct systems, Filtration of impurities from
the air is accomplished by simple fiber filters to the more complicated electrostatic filtering
method, Although air conditioning is usually associated with providing comfort, the military
uses only a small percentage of air-conditioning equipment for this purpose, Personnel effi-
ciency, safety, and protection of materials are the primary concerns of the military, Areas
such as operating rooms, clinics, recovery rooms, and similar medical facilities must have
controlled temperatures and humidities at all times, The same applies to storing of instrum .. ,
electronic gear, armament, specialized machinery, training devices, and certain explosives,
Other operational facilities that require air conditioning wc 'ld be photographic laboratories,
telepinone switchbeard rooms, communication centers, control towers, and certain indoor train-
ing are1s, Obvious reasons for the need to control temperature and humidity in areas housing
these facllities and materials are to control corrosion and deterioration and to pruvent equip=
ment failure, In some of these areas it is necessary to control the humidity at a specific lzvel,
For instance, operating rooms are kept at a relative humidity of 55% to prevent static eiectricity,
whereas spaces housin; certain machinery an * electranic equipment must be kept at or below 45%
relative humidity, The wide variety of uses for air-conditioning equipment on a mili.ary base
.1ake it necessary for maintenance personne! to be forever studying to keep up with the advances
that are being made in the field «f aii’ conditioning,

b, Application, Refrigeration comp' 1ents similar to those used in refrigevators, iceplants,
freezers, etc. constitute the mnst imro.tant portion of air-conditioning systems, Component
parts such as compressors, condensers, evaporators, metering devices, receivers, etc, are
very similar and the theory that underlies the use of these components is essentially the same
for each unit, The factors, however, that govern the design and arrangement of the equipment
for the specific pvrpose of conditioning a given air space are different, In this chapter we will
discuss the use of these components and their use witkiin an air-conditioning system,

2=2, COMPRESSORS

a, General, The purpose of a compressor within an air-conditioning system is to remove
the heat-laden refrigerant gas from the evaporator, compress it to condensing pressure, and
move it along to the cundenser, Compressors are divided into three types: reciprocatirg,
rotary, and centrifugal, These threu: types can be manufactured in three different ways: open,
semi-sealed, and hermetic (sealed), The opei. -type compressors are menufactured so that all
parts are accessible for repair or replacement and the drive motor is usually connected to the
zompressor by drive helts, The semi-sealed compressors eliminate the drive belts and the
1ecessity for a crankshaft seal, thus avoiding two major maintenance problems, The hermetic
type is a completely sealed unit and eliminates oth>r maintenance problems, The hermetic
comp.anisor will be discussed in paragraph 2-2e,

b, Reciprocating compressors (fig 2~ ~-1), A reciprocating compressor is very similarto a

2-cycle gasoline engine, Many of its components are similar not only in appearance but in
their use, Pistons, conne:ting rods, bearings, crankshafts, and valves are employed in the
construction of a reciprocating compressor, The cycle of operation is also similar in that the
intake iy on the downstroke and the exhaust is on the upstroke. The refrigerant gas is pulled
into the compressor through the intake or suction valve on the downstroke of the compressor,
When the piston reaches the termination point nf its downstroke and begins its upstroke, the
intake valve closes, As the piston ascends, the refrigerant vapor is compressed to condensing
pressure, the exhaust or discharge valve opens, and the compressed refrigerant vapor is al-
lowed to escape to the condenser, Figure 2-1 shows the operating cycle of a reciprocating
compressor,
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Fig 2-1, Operating cycle of a reciprocating compressor.

c. Rotary compressor, This type compressor is used in many small-tonnage units to cun-
.vert low=pressure, low-temperature refrigerant vapor to high-pressure, high-temperature
vapor, These compressors are simplicity itself in that they have very few moving parts, "‘here
are two types of rotary compressors--stationary-blade and rotating-blade, In the stationary-
blade type (fig 2-2), an eccentric is mounted on the shaft or thq shaft itself is cammed (enlarged
on one side) so that it rides constantly around the oufar wall o the ¢ 'inder or chamber, A
spring~loaded blade is mounted in the wall of the cylinder or chamb:r so that it separates the
intake and outlet ports or valves, and maintains a constant pressure on the eccentric or shaft,
As the eccentric, or the cammed surface revolves within the cylinder, the low=pressure vapor
enters the cylinder, is carried around the cylinder while being compressed, and is finally
forced out the rutiet port, The blade keeps the compressed vapor from escaping to the intake
side of the rompressor, In the rotating=blade compressor (fig 2=3), the blades are mounted on
the shaft (which is mounted eccentrically in the cylinder) and rotate with it, The low-pressure gas
enters the cylinder through the inlet valve, and is trapped between the blades, and is compressed:
whiie it travels around the cylinder, The gas escapes through the outlet valve as the blades pass
by {t, It is kept from escaping back to the inlet side by the extremely close clearance between the
blades and the cylinder walls, and the presence of lubricating oil which causes a pressure-tight
seal, ) :
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Fig 3-3. Schematic of rotating-blade compressor,

d. Centrifugal compressor (fig 2-4), Centrifugal compressors are used in farge air-
conditioning systems, These systems handle large volumes of refrigerant gas at low pressure,
Centrifugal compressors operate on the principle of centrifugal force tq compress the gas and
discharge it to the system, The refrigerant is fed into a hcusing where there is a rotating disk
complete with impeller blades (fig 2-5), The impeller rotates at a high speed forcing the gas
out against and around the housing to the discharge port, Because the efficiency of these com=-
pressors will vary with their speed, they are usually run at speeds much higher than the speed
of thetr drive motors, Therefore, centrifugal compressors are usually equipped with a step-up
gear train, ’
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i'ig 2-4, Cutaway view of an enclosed Fig 2-5, Impeller from a centrifugal
centrifugal compressor, compressor,
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e. Hermetic compressor (fig 2-6), The most commonly used compressor in self-contained

"military air conditioners today is the hermetic compressor which has the motor rotor and the
compressor crankshaft built as one complete unit, Then the entire motor/compressor is scaled
into a gas=tight-housing, The hermetic compressor is relatively maintenance free as it etimi-
nates compressor shaft seals, flywheels, motor pulleys, and belts which cause many mainte-
nance problems, However, because it I8 a sealed unit, the valve plates become inaccessible
and cooling of the unit becomes a major problem, Manufacturers have attempted to solve the
cooling problem by several methods. Onc is to press the starter into a dome located on one
end of the sealed housing, This provides easy heat transfer from the windings to the casing
and then to the surrounding atmosphere, Another method is to pas$ the returning gas around
the windings before it is compressed, This does, however, present a problem because the gas
may bhecome warm enough to cut down on the volumetric efficiency of-the compressor, The
hermetic compressor is by far the easiest to maintain, but if internal problems do arise, the
entire unit must be replaced since none of its parts are accessible for repair or replacement,
Hermetic compressors vary in size from 1/16 hp up to 20 hp, The internal design will depend
on the compressor's size and the manufacturer, Some are spring mounted internally, while
others are spring mounted externally, Small hermetics have a single cylinder, while 1/2 hp
“and up wil]l have two or more cylinders, Sinall hermetics use drive motors that are single
phase, 2= or 4~pole motors, ‘but the larger hermetics gencrally use 3-phase motors,

ROTARY COMPRESSOR

Fig 2-6, Cutaway of a hermetically sealed rotary compressor,
2-3, CONNENSERS

a, General, The function of a condenser in the refrigeration cycle of air-conditioning equip-
ment is to convert the high-pressure hot gas into a high-pressure liquid, This is accomplished
by the rondenser removing the latent heat of condensation from the refrigerant vapor, Conden-
sation continues until enough of the refrigerant becomes a tiquid at the pressure-temperature
balance which exist~ in the high side of the system. Condensers can be generally classified as
either air-cooled or evaporstive,

<
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b, Air-cooled condensers; Air-cooled condensers consist of either bare tubing coils or
finned tubing coils over which air is circulated, Ii. small units, static airflow is used over
bare tubes, while in larger units, fans are used to draw or blow air over the surface, The air
surface of a condenser is incressed through the use of equally and closely spaced fins,

(1) In forced=-convection-type units, fans are driven by the compressor motor or by a sep-
arate motor in the case of hermetic compressors, To increase the efficiency of a con-
denser that uses forced convection for cooling, a metal casing or shroud is vsed. This
causes a funneling of the air and directs all air movement over the condenser’s surface,
These condensers are frequently built with 2 or 3 layers of tubes and are firned,

(2) Some large commercial types of air-conditioning units will have the condeuser mounted
outdoors away from the rest of the system, The refrigerant vapor is pumped from the
compressors through the compressor discharge line to the condenser and the liquid is
piped back to the building, These condensers are usually quite large, dissipate a large
amount of heat, and ire forced-convection type. Figure 2-7 shows a schernatic of a
simple static-type condenser while figure 2-8 shows a forced-convection type using a
finned surface and a fan,

Refrigerant
flow 1in

\

Ny CSondenser Inlet Tube

P - SE———— I
@ :
__-—_—.)
D)
— and Outlet Tube
/

{

Refrigerant
flow out Warm air rising out
of the condenser
Fig 2-7, Simple static-type air-cooled Fig 2-8, Forced-convection-type air=
condencer, ) cooled condenser,

c, Water=cooled condensers, Water-cooled condensers are usuaily employed in large
commercial-type air-conditioning units similar to those used in mesashalls, clubs, post
exchanges, hospitals, and storage areas, Condensers used in these type units are of
two types, shell and tube type and tube-within-a-tube type,

(1) Shell-and-tube type (fig 2-9), This type of condenser consists of a sealed tank or shell
containing a copper coil or tubes, The hot refrigerant gas is admitted into the shell of
the condenser and allowed to circulate around the tubes through which pre-cooled water
is flowing, The latent heat of condensation is removed from the vapor and transferred
to the circulating water, As the vapor cools and liquifies, it collects in the bottom of
the shell, This type of condenser construction is advantageous as it is compact and
eliminates the need for a receiver and fans, The shell-and-tube-type condensers are
designed in two types. One has a water coil inside the shell while the other has a
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number of straight tubes inside the shell which are attached to wal:r manifolds mounted
at either end of the shell, With the later design, the water tubes are easily serviced
by removing the manifolds and running a pipe cleaner through the tubes,
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Fig 2-& Shell and tube=type condenser (cutaway view),

(2) Tube-within-a=tube condensers (fig 2=10), With this type ol water-cooled condensers,

one tube is inserted into another, Cooled water circulates in the inner tube and the

\ refrigerant vapor in the outer tube, This type condenBer can be construried in cylin-
drical, spiral, or in a rectangular style using soft copper tubes, They can also be
constructed by using straight copper pipes employifig an end plate water manifold,
These condensers employ a counter=flow method of condensing the refrigerant vapor,
That is, the water enters the condenser where the refrigerant leaves and the refrig-
erant enters where the water leaves,
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Fig 2-10, Cutaway of a tube-within-a~tube condenser,

d, Evaporative condensers (fig 2-11), These condensers operate on the cooling effect pro-
duced by the evaporation of a small amount of water, Standard evaporative condensers are
much like cooling towers in that they use a spray or drip chamber, a water~collecting van, a
motor=4driven pump, a motor=driven fan, and are usually located outside, Additionally, it {s
necessary in an evaporative condenser to have a refrigerant condensing coil, Refrigerant
vapor is circulated through the condensing coil, water is sprayed over it and air is circulated
around the coil, The latent heat of condensation is transferred to the water, evaporating it,

-
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and the air carries off the heat, The refrigerant in the coil then liquifies, Evgporative con~
densers can L2 mounted indoors; however, air ducts must be installed to provide the proper
air circulatien,
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Fig 2-11, Schematic drawing of an evapo rative condenser,
2-4, RECEIVERS

"a, Use, A receiver is used to temporarily store the higk=pressure liquid refrigerant,

Once the refrigerant is condensed, it passes to the recejver where the liquid is collected and -
kept until it is needed by the metering device,

b, Construction, On units of 15 hp or less ihe receiver is usually a cylindrical steel tank
monnted on the base of the unit or underneath it, The receiver is normally equipped with an
inlet valve (condenser service valve), outlet valve (receiver or king valve), and a prcssure= <
relief safety device, The safety device is sometimes’ a simple fusible safety plug of low=-melting )
point metal (about 160° F), or it can be a relief valve that opens at a preset pressure, This
pressure can be from 210 to 260 psi, depending on the unit’s design dnd type of refrigerant
being used in the system, This type relief valve will close again when the pressure drops below
{ts pressure settings, Some receivers are equipped with a purging valve which is used to purge
air and noncondensibles from the system. Many receivers are also equipped with two or more
test valves located at different levels in the receiver, These valves are also used to determine
the height of the liquid level in the receiver, For the same purpose, other receivers are
equipped with *'bull's=eye’’ sight glasses, tubular glass gages, or magnetic or float-operated
refrigerant-level gages, Figure 2-12 shows a liquid receiver,
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Fig 2-12, Horizontal ligquid receiver, : .

2-5, EVAPORATORS

~

a, Function, The evaporator is the device within a refrigeration system in which the re-
frigerant is released and allowed to boil (or evaporate), thus removing (by absorption) heat
from the environment, ' '

b, Types, As far as air~conditioning systems are concerned, only two general types are .
- vonsidered;—The direct-expansioen-o>-drytype-and-thesheti~and=tube waterc¢hillter, ~ = - - = ———==
(1) Direct-expansion-coil evaporators, In this type of evaporator, the air tot cooled
flows across the tubes and fins giving up heat to the boiling refrigerant in the tubes,
This heat transfer causes the cooling of the air that is delivered to the environment,
Direct-expansion coils can'be either dry- or flooded~type valves,

(a) In the flooded=type valve (fig 2-13), the refrigerant is metered into the evaporator
coils by a float-type valve, This type of valve keeps the refrigerant in the evapor=
ator at a constant level, In other words, as fast as the refrigerant boils away
(evaporates), the float admits more liquid refrigerant to replace that which has been

. lost. This action of the valve keeps the evaporator almost full of refrigerant, The
-fluoded=type evaporator is very efficient because vaporization of the refrigerant can
only take place wherever it is in contact with the warm walls of the tubing, How-~
ever, flooded=type coils are of little use, and are rareiy used in air conditioning
because of the relatively large refrigerant charge that {s necessary to keep the
system satisfied,

(b) The dry-type valve (fig 2-14) uses an expan.ion valve to meter the refrigerant into
the evaporator, In this type, the refrigerant enters the evaporator primarily as a
liquid and by the time it has traveled through the evaporator, it has completely
vaporized, ‘Therefore, the refrigerant in the greatest portion of the evaporator is
a mixture of !iquid and vapor, These types of evaporators are constructed with from
two to twenty=-two parallel circuits and are fed by one expansion valve, Some models
use an additio.;al distributing device or devices, usually depending on capillary tubes,
to evenly distribute the refrigerant to the separate circuits of the evaporator, The
dry~expansion=coil evaporator is most commonly used in air=conditioning systems.




Magnet {c \}a]ve l'lo:xr.'valve =——e Vapor to compressor
! vapor head
=}

s S ok b a2 e b Rl = el X X S e —Liquid level
Liquid
refrigerant B2
=
. Coolin coil
. accumula.or el
Liquid
flow
to
coils ~
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Fig 2-14, Diagram of dry-expansion evaporator,

(2) Shell-and-tube evaporators, Witht e shell=and-tube evaporators there are again the
two types, flooded and dry, In the .looded type, water is circulated through a tube
bundle which is located within a shell, The liquid refrigerant enters the shell and
keeps the tube bundle about « :=half to three-quarters covered, The refrigerant boils
and becomes a vaporv by rer t .- heat froin the water within the tube bundle; thereby
cooling the water so it can b- 1 culated throughout the cooling system,

In the shell and tube (dry) type, the refrigerant is in the tubes and the water
is circulated through the shell, In this type, baffles are employed so the water will
pass the tube bundle many times, Shell-and-tube evaporators are rarely found in
military air-conditioning systems, However, on sume older posts a few may be found
in use on old commercial systems,

2-6i, [LINES AND FITTINGS
- a, lines, The lines that are used to connect the components of an air-conditioning system

together are wsually made of copper tubing, liowever, some aluminum tubing is used and, in
i a svstem that uses ammonia as a refrigerant, thin-wall steel tubing must be used since ammonia
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deteriorates copper, All tubing that i{s used for air=conditioning systems should be kept clean
and dry inside, The ends should be kept sealed to insure that the tubes are kept clean and free

of moisture in handling, Tubing can be sealed by using a cap or by crimping (pinching together)
_the ends, Copper tubing is available in hard drawn and soft drawn types and comes in two wall
thicknisses, K and L, K thickness has a heavy wall and L a medium wall, Most air-conditioning
systems use the L thickness, Both hard= and soft-drawn copper tubing are available in many
sizes, the most common of which are 3/16, 1/4, 38, 7/16, 1/2, 9/18, 5/8, 3/4, and11/4

in. OD (outside diameter). : ,

Soft=drawn copper tubing is available in 25, 50, and 100 ft, lengths, with the smaller
sizes coming in the longer lengths, Soft=drawn tubing is quite flexible and is easily flared and
bent, Because it is easily bent it must be supported with brackets ox clamps when used in a
system, Soft copper tubing mdy become hardened through repeated bending, twisting, and
hammering, When this occurs, the tubing should be replaced,

Hard=-drawn copper tubing comes in 20 {t lengths, Because of its relative stiffness it will
require a minimum of clamps or brackets, especially in the larger sizes, Also, because of its
- hardness, hard=-drawn tubing should not be bent, Solder type fittings should be used to make the
tubing conform to system requirements, Whenever any type of tubing is installed in a system,
it should be installed in such a way that no undue stress, strain, or vibration will be exerted on
it, A gond way to eliminate vibration is to use horizontal loops in the tubing when you are in=
stalling it, ) .

b, Fittings, In order to make proper connections between air-conditioning components and

- -———eonnecting 1ines, Mttings are used, When the lines are of soft=drawn copper tubing, flare=type

fittings are usually used, Hard=-drawn tubing employs the use of solder type fittings,

Flar: fittings used in the military ure usually made of drop-forged brass and use either
pipe thread, or Society of Automotive Engineers (SAE) National Fine Thread,. These fittings
are carefully machined to form both the threads and surfaces. The fittings are sized according
to the tubing size with which they will be used, For insiance, a 1/2 in fitting will be used with
a 1/2 in copper tubing,

Solder fittings are primarily used with hard- drawn copper tubing, This type of fitting is
joined to the tubing with solder rather than threads, Solder fittings are also sized according
to the size tube they will be used with, Either hard or soft solder can be used with these fit=
tings depending upon the internal pressures of the system with which they are used (soft solder
low pressure, hard solder/ high pressure), The proper methods of making a joint will be
covered in chapter 3. ’

2-7, ACCESSORIES

Along with the major components and the lines and fittings that are necessary to make up
an air-conditioning system, certain additional components known as accessories are used to
further improve system efficiency. You may not find all of these accessory components in
every system, but you will find one or more of these items, Components known as accessories
are strainers, scale traps, dehydrators, sight glasses, fusible plugs, and heat exchangers.

a, Strainers and scale traps, Dirt and foreign matter have a way of entering a system no
matter how hard you try to keep them out, These particles will clog small openings and de-
posit themselves on valve seats and mechanisms, causing improper operation of the system,
In order to separate this foreign matter from the refrigerant flow, strainers or scale traps
are used, They canbe inserted in either the liquid or the suction line, Strainers can be con=
structed of fine wire mesh, asbestos, steel wool, and sometimes glass woo! enclosed in a
metal container, Scuie traps are usually constrocted with wire mesh which is removable for
cleaning, There ar: basically two types, cleanable and noncleanable, When a strainer or
trap becomes clogg:d, there will be a temperature difference between its inlet and outlet,
When this happens, either clean it or replace it, A strainer placed inthe tiquid line just be~-
fore the metering device heips prevent valve trouble and lengthens compressor life, Figure
2-15 shows a sectional view ¢ a liquid line strainer and figure 2-16 shows a cleanable scale
trap,.
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Fig 2-15, Liquid line strainer, Fig 2-16. Cleauable scale trap,

b, Dehydrators, Moisture in an air-conditioning system will cause a great many mainte-
nance headaches, It will cause corrosion-produced restrictions at metering devices, oil break-
down, and the formation of acids, A dehydrator, or drier as it is more commonly called, is
used to remove any moisture that may be present in a system.

(1) Construction. Driers are made of a tubular metal shell with fittings 80 that they can
be installed in the liquid line, The shell is filled with an approved desiccant (drying
agent), Strainers are placed in each end to prevent the drying agent from entering the
system, : .

(2) Desiccants, There are three approved desiccants for use in driers: silica-gel,
activated-alumina, and drierite (calcium sulfate), Silica-gel and activated-alumina are
chemicals composed of millions-of tiny pores which absiorb moisture as a sponge would
water, Drierite absorbs moisture by chemical reaction, Silica-~gel is the best of the
three agents and is the desiccant usually used, It retains its form completely while
the other two yield a powderlike material as a result of their action, Driers using
activated-alumina or drierite must have pads in the outlet to prevent this powder from
entering the system, :

(3) Direction of flow, The direction of flow through a drier is indicated by an arrow lo=
cated on a side of the shell, The drier must be instalied with the arrow pointing in the
direction of the refrigerant flow, This prevents any of the drier filler o other foreign
material from entering the system,

(4) Recharging, There are basically two types of dehydrators, reusable and not reusable,

The ones thatl are not reusable are charged with a desiccant, soldered, and sealed by
the manufacturer and are considered not chargeable, Others have a removable, gasket=

® sealed end from which the desiccant can be taken out and replaced, Silica-gel and
activated=alumina can be reactivated by heating ther: to a temperature of 250° to 300°F
for several hours, This can be done by placing the drier in an oven or by passing hot
air through the drier, Figure 2-17 shows a cutaway view of a typical drier used in
small systems, Figure 2-18 shows a reusable-type drier,

(5) Drier replacement, Most systems are eauipped with an indicator that v (il show if
moisture is present in it, These indicators are usually color coded and will be located
either at the drier or the sight glass, Manuals for each individual system should be
consulted to determine which color indicates a dry or wet system, If moisture is in-
dicated to be in a system, the drier should be replaced, .\lso replace driers any time
a system is opened for repair, Always be sure that the replacement drier is the same
size or larger than the one already present in the system, Never replace a drier
with a smaller one,
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Fig 2-17. Cutaway view of a typical drier, Fig 2-18, Reusable drier,

c. Sight glass (fig 2-19). There are two types of sight glasses. One is an oil sight glass
which i{s installed in the compressor crankcase to provide a visual means of checking the oil
level. The other is a liquid sight glass, so named because it is installed in the liquid line
between the receiver and the metaring device, after the drier. It is used to indicate the
amount of refrigerant in a system and to determine the condition of the charge, If the unit
is fully charged, the sight glass will appear perfectly clear. If it is undercharged, bubbles
will appear.

Note: Although bubbles indicate an undercharge, bubbles could also be an indication
. of some other problems such as a restriction in the line ahead of the sight
glass. '

Fig 2-19, Liquid sight glass,

d, Fucible plugs, Trese plugs are safety devices located on the higt. side of the system,
The coTe of the plug is made of soft metal, If an excessive rise il pressure or temperature
were to occur, the soft core would melt, allowing the high pressure or temperature to escape.
The plug is designed so that it will release well below the bursting point of the system'’s iines
and component parts, Thus, all the vital parts of the system are protected as well as person=
nel who might be in the area.

e. Heat excl:angers, A heat exchanger is used to equalize temperatures between the liquid
and suction lines, It is a simple enough device, consisting of either the liquid line being sol-
dered to the suction line or employment of a shell and tube type arrangement with the liquid
line passing through an enlarged portion of the suction line, Heat exchangers are used in
systems employing capillary tubes as metering devices to prevent premature ‘‘gassing off*!
of the liquid and to prevent condensation of the suction gases by warming the suction line, In
the case of systems employing expansion valves as metering devices, heat exchangers ar?
vsed to prevent suction gases from condensing,

2-12
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2-8, VALV AND CONTROLS

a, Service valves, For installation, maintenance and service, valves are located through-
out an air-conditioning system. Service valves enable a mechanic to isolate one part of a sys-
tem from the rest, perform maintenance services, install gages or special controls, accomplish
repairs, purge or charge a system, and to test a system for proper operation,

(1) Two-way valve (fig 2-20), A two-way valve is a simple open-close valve with a packing
gland around the stem to prevent leakage., This valve has many uses in an air-
‘conditioning system, It can be used as a receiver or condenser service valve, a charging -

or purging valve, a throttling valve, or it can be fitted with a tube and used to draw off
liquid from the receiver,

TWO-WAY ANGLE VALVE
PIPE TAP CONNECTION

e

~ PLARE CONNECTION

Fig 2-20, Two-\f.vay valve, °

(2) Three-way valve (fig 2-21), This valve is usually installed for use as a compressor
‘service valve, It las a service port with plug, a suction or discharge port, and a
flanged port with gasket, The flanged port with gasket is bolted to the compressor,
Then a suction or discharge line is connected to the suction or discharge port and the
plug is installed in the service port, To install gages, vacuum pump or charging
station, simply backseat the valve (stem screwed all the way out (fig 2-21 (A)), re-
move the plug, and attach the instrument, To remove or open the compressor, the
valve stera is turned until it is closed, sealing off the rest of the system (fig 2-21 (B)),
1'o read pressures, charge, or purge the system, the stem is turned ta its middle
position (fig 2-21 (C)),
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or suction /L or suction AR A

line % line s ¢) w0 3 i3

To compressor

Gage connection

@ To cumpressor

To condenser

@ To compressor

Fig 2-21, Three-way valve and its positions,
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(3)

(4)

Relief valve, This type of valve is usually installed on receivers or water-cooled con-
densers ag a safety device, It is set ata predetermired pressure and will open to re=
lieve high pressure from the system and thus prevent damage. '

Line-chack valve (fig 2-22), A line=check valve is installed in an air-conditioning sys=

fom in order to maintain liquid refrigerant flow in one directioa only, Any flow in the
opposite direction promptly closes this valve, Line checks use either a flappe. or ball
as flow checks, In the type employing a flapper, the liquid flows much like a person
pasaing through a swinging door. Any attempt of the liquid to reverse its flow will
push the flapper back against the seat, stopping the flow, The ball-type valves works
much tlie same way. The liquid flowing in the proper direction will push the ball out
of the way, If the liquid attempts to flow in the opposite direction, the ball is pushed
Lack on its seat and the flow is stopped,

I

Fig 2-22, Typical refrigerant line-check valve,

Water-regulating valve (fig 2-23), Inan air-conditioning system that employs a.water=
cooled condenser using water from local water supply systems, water flow through

the condenser is controlled by a water-regulating valve. This valve operates by a-
predetermined condensing pressure. The valve is installed by connecting a capillary
tube device to the discharge side of the condenser, This transmits condensing pres=~
sure to a bellows within the valve body, When the pressure rises to its predetermined
poift, the valve opens and water is allowed to flow, Conversely. when the pressure
drops below this point, the valve closes, The range spring can be adjusted to the
desired condensing pressure,

Fig 2-23, Water-regulating valve (sectional view),
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be Refrigerant contrel, An air-conditioning unit wnich operates automatically must haye
some type of control wo reduce the kigh=pressure liquid refrigerant to a low=pressure liquid
refrigerant, This contro! must also he able to meter the low-pressure refrigerant into the
evaporator in proper quantities so that the evaporator will function at its highest cfficiency,
I'o accomplish this, a mechanical system will use either an expansion valve, float valve, ora
capillary tube, Almost every air-conditioning unit or system that you wiii encounter in the
military will use an éxpansion valve as its refrigerant control, lowever, you may, on occasion,
find a unit or system that'is still equipped with a capillary tube or a float valve to control the
refrigerant flow to the evaporator,

(1) Automatic-expansion valve (fig 2-24). An automatic-expansion valve consists of a
needle valve actuated by spring tension and a bellows sensitive to refrigerant pressure,’
The refrigerant pressure and the spring tension are on opposite sides of the bellows
and oppose cach other, When the pressure is low, the spring forces the valve open,
‘Wher the pressure rises, it overcomes the spring tension and the valve closes, Ex-
pansion valves are equipped with adjusting screws so that they can be set for the de-
sired pressure, Because these valves are atfected by atmospheric pressure, adjust-
ment must he made at diffecent altitudes and these valves must have the same capae-
ity as the compressor. £ valve that is too small would starve (not enough refiiger-
ant) the evaporator and cause the compressor to overwork, A valve that is too large
would allow ‘too much refrigerant to enter the evaporator and cause the suction line to
sweat or frost, It could even allow liquid refrigerant to enter the compressor and
damage it,
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Fig 2-24, Cutaway view of an automatic-expansion valve.
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(2) Thermostatic expansion valve (fig 2-25), A thermostatic expansion valve (TEV) con-
sists of a power element (complete with thermal bulb and power charge), capillary
tube, and a bellows or diaphragm, The power element is mounted in the valve body
which contains another bellows or diaphragm, a needle valve and seat, an adjusting
spring and screw, and a filter screen in the valve's inlet port, Refrigerant flow is
controlled by the difference between the pressure within the evaporator and the tem-
perature of the thermal bulb, This pressure temperature difference is called the
valve’s superheat, The valve’s power element controls the valve in such a way that
the evaporator is kept almost full of refrigerant at all times and works as follows,
When presgsure in the evaporator builds up, a motor controlling sensing device (either
a thermostat or pressure control) will start the compressor motor, At the same time,




the thermal bulb (which is attached to the suction line at the outlet of the evaporator)
will warm, causing the power charge to vaporize and increase the pressure on the
power element's bellows or diaphragm, This pressure increase within the power ele-
ment will cauise the diaphragm within the valve body to force the needle valve away
from its seat, The refrigerant can now enter the evaporator and will continue to-do
so until the.evaporator becomes almost full, Now the evaporator pressure will de-
crease and the suction line will cool, As the suction line cools, the power charge in
the thermal bulb will condense, relieving the pressure on the power element's dia-
phragm, This decreage in pressure within the power element lets the diaphragm
within the valve body free the needle valve to close, thus stopping the refrigerant flow,
At the same !{me the motor controlling device will sense the change and stop the com=
pressor. It should be noted that the refrigerant used as the power charge in‘the ther-
mal valve and the vefrigerant in the system are usnally the same, It should also be
noted that only a vaive of correct capacity and of the same temperature ranges of the
unit should be used, ¥igure 2-26 shows a cutaway view of a thermostatic expansion
valve, *

Fig _2-25. Thermostatic expansion valve,
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I*ig 2-26, Cutaway of a thermostatic expansion valve,

(3) Capillary tube, A capi:lary tube, or cap tube as it is usually called, is used with

thermostatic expansion valves, thermostats, some thermomete1s, and multicircuit
evaporators, as a distributing device and sometimes as a refrigerant control, A cap
tube is a length of seamless copper tubing of small inside diameter, Most of its
length is usually coiled, The design of a cap tube depends on four variables: length
of tube, inside diameter, tightness of tube coils, and tube temperature. The cap tube
acts as a throttle by restricting the refrigerant flow, by reducing the temperature
and the pressure of the refrigerant, Inthe last few feet of the cap tube, the refrig-
erant has already started to vaporize and has reached evaporator pressure and tem=-
perature, With this type of refrigerant control, the refrigerant must be carefully
measured as all refrigerant will pass to the low side when the compressor is in the
off cycle and pressures will be equalized. The most important thing for you to re-~
member about cap tubes is their function in restricting refrigerant flow,



¢. Solenoid vulve:,

(1) Principles. In order to tightly close or completely open a portion of, or a complete
refrigeration circuit, solenoid valves are used. A solenoid valve consists of an elec~-
tromagnet with a movable core, valve needle, seat, elec! “ical leads, and valve hous=
ing, Control of a solenoid is accomplished with a simple electrical circuit., A solenoid
i{s constructed by attaching a valve needle to a movable armature., A coil is wound
around the valve housing and contains the armature, When the coil is energized
the.armature is pulled up into the coil, pulling the valve needle away from its seat and
opening the valve, When the coil is de=energized the weight of the armature will push
the valve needle down onto its seat, closing the valve,

(2) Types. There are three types of solenoid valvas in common use; 2-way, 3-way, and
4-way or reversing valve, .

(a) A 2-way solenoid is a simple open/close valve that controls flow in one line only.

(%) ‘A 3-way solenoid has an inlet that is always open and two outlets which are either
open or closed depending on the position of the armature in the coil, Three-way
solenoids have two valve needles or balls attached to the armature,

(c) A 4-way solenoid, often called a reversing valve, is used extensively in heat pumps.,
Small-tonnage air-conditigning units such as window units use a 4-way solenoid valve
which is operated by a single armature that opens or closes several ports at once,
These valves can be either electrically or manually controlled, Another type of 4~
way solenoid valve is actuated by a pilot svlenoid, When the pilot valve (which is a
simple open/close-type solenoid) is actuated, the system’s low-side pressure takes
over and opens the internal three valves, producing a heating cycle, When the pilot
is de-energized, the internal valves close and the refrigerant flow is reversed, caus-
ing a cooling cycle, :

2-9, ELECTRIC MOTOR CONTROLS AND MOTORS

a, Controls, Due to the changing=type load placed on component parts of an air-conditioning
unit or system, and the possibility of failure of individual components or units, a variety of
electrically operated controls are used, These controls respond to temperature, pressure, and
humidity changes. By regulating these variables you can control the system, For instance, as
the temperature of a saturated refrigerant increases, the pressure also increases, If you were
to control the temperature, you would also control the preasure, The opposite is also true,
Each control will have a range and a differential, The range of a control is the width of the
pressure or temperature band over which the control can be operated, For example, if you
had a temperature control with a range of 0° to 50° F, you could adjust it to operate anywhere
within the limits of this band or range, The differential of a control is the difference in pres-
sure or temperature at which a control cuts in and out, depending on the system and refrigerant
uged, If a temperature control were set to cut in at 40° and cut out at 32°F, . the differential
would be 8OF,

(1) l.ow~pressure cutout. A low-pressure cutout provides a way to stop the compressor
whenever pressure in the low or suction side of the system is reduced to a predeter-
mined point, This type control consists of a bellows or diaphragm that actuates
the switch through a linkage-tyre mechanism. When the pressure in the low side
reaches its low predetermined point, the bellows or diaphragm will open a switch,
which in turn opens the motor contacts and stops the campressor, Whenever the pres=
sure in the low side rises above another predetermined point the betlows or diaphragm
will allow the switch and the motor contacts to cloge~-~restarting the compressor,
l.ow=pressure controls are usually used as one-half of a combination low=pressure
control and high-pressure safety cutout, The range and differential of a low=pressure
cutout can be adjusted through screws seated on top of the control,.

Low-pressure cutouts should not be confused with evaporator pressure regulators
orflow-side pregsure controls which are simply throttling valves which maintains a con-
stant pressure in the evaporator, These valves are used to prevent the coils from
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froating, water from freezing, ol to maintain a certain minimum air temperature of
air flowing across the coils, Low=pressure cutout valves will be wide open at any
pressure above their settings and will only throttle back on the suction pressure as the
compressor pullg the system down to valve setting, For instance, if the valve setting
is 35 psi, the valve will be open if suction pressure is above this setting. As the suc-

~ tion pressure begins to fall to 35 psi, the valve will begin to throttle back, When the

(2)

(3)

suction pressure on the compressor side of the valve falls below 35 psi the valve will
throttle enough of the vapor to maintain the pressure on the evaporator side at.exactly
35 psi. .

High=-presgsure cutout. The high-pressure cutout is & safety control which is

used to protect personnel and equipment from abnormally high pressures which could
cause injury or damage, This control is connected into the high side of the system
through a small diameter tube or it can be connected directly to the cylinder head, A
beliows is attached to a plunger in such a way that any ‘excessive head pressure will
expand the bellows, pushing the plunger against the switch and shutting down the motor,
A high=-pressure cutout usually will have to be reset manually, This is accomplished
by pushing a reset button located on the control once the high pressure has been re=
lieVﬁdo ' : . ,

Dual-pressdre control (fig 2-27), A dual-pressure control is a low=pressure cutout '

and a high=pressure cutout mounted in the same enclosure, Both controls act ae they

would if they were mounted separately but they operate only one set of contacts, If the
compressor motor was shut down because of an excessively high pressure, the control
would have to be reset manually, If the low=pressure control was. controlling the com=
pressor operation, it would cut out the compressor at the predetermined low pressure
and cut=in would aut.matically occur at its predetermined higher pressure,

tig 2-27. Dual pressure control,



(4) Oit-fatlure cutout switeh (fig 2-28), An oil-faiture cutout is a time delay differential
type control that is used to stop operation of a pressure~lubricated compresgsor when=-
ever the oil pressure drops below a safe limit, An oil-failure cutout operates on the
difference between the pressure of the refrigerant in the suction or low side of the
system and the oil pump discharge, The difference between these pressures is known
as the usable oil pressure, To measure.this usable oil pressure and guard against oil
failure, an oil-failure cutout uses two bellows which oppose each other, The auction

pressure on one bellows and the oil discharge on the other,
[

The time delay portion of the control allows the compressor to run for approxi-
mately two minutes béfore cutting off operation, This allows oil pressure to build up
to normal operating pressure on initial compressor starting, If the oil pressure were
to drop hbelow a safe limit during operation, the time delay would stop:the compressor
within a given time period, The time delay stops the compressor by opening the circuit
to the motior contacts, . )

COVER REMOVED FRONT VIEW

Fig 2-28, Oil=failure cutout switch, .

(5) Temperature controls, Temperature controls are much like pressure controls in de-
sign, except for the addition of a thermal bulb and capillary tube. These contacts are
used to stop and s*art a unit’s compressor motor whenever the temperature on the
suction or low side of the evaporator falls below or rises above the differential of the
control, The thermal bulb is located in an area specified by the unit’'s manufacturer,
When the temperature of that area rises above a predetermined level, it will cause a
corresponding pressure rise in the thermal bulb, This pressure rise is transported
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to the diaphragm through the capillary tube and overcomes any atmospheric pressure
or spring pressure present, This movement of the dlaphragm, which is connecto4 to
a switch through a linkage mechanism, will close the switch and the motor will start,
As soon as the temperature falls below the control’'s lower point, the pressure in the
thermal element will fall, allowing the spring or atmospheric pressure 1o take over
again on the diaphragm, Then the switch will open, stopping the motor,

(6) Motor starters, A motor starter is the control which conrects or disconnects the line
current so that the compressor motor can be stopped oxfostax{ud.
H “

(a) Simple starter. A simple starter includes any switch or device normally used to
stop or start a motor, For a small motor rated at 1/3 hp or less, the starter may
be the attachment plug conrector and receptaclé, For motors-rated at 2 hp or less
and 300 volts or less, the controller may be a general-use switch having an ampere
rating of at least twice the full=load curren* rating of the motor, The simplest.
method of control is an externally operable disconnect switch, generally a tircuit >
breaker or fused type., When fuses are used they should be the time=-lag type Wwhich
is specifically designed for motor circuits,

(b) Magnetic starter, Most motors abnve 1 hp are started by a magnetic-activated
gswitch called an across=the=line starter, These starters are made in various sizes
and types, However, their principle of operation is basically the same, Magnetic
across=-the-line starters are constructed with two electrical circuits, the power
circuit and the control circuit, .

1, The power circuit consists of the contact points, line and motor terminals, and
the heaters. The heaters are made of a metallic material that will Jissipate heat
in proportion to the current flowing through them, They are placed in series with
the lower contact point and the motor terminal connection, Heaters do not usually
come with the starter because they are rated in am: eres and must correspond to
the ampere rating of the motor the starter is being used with, Whenever the beat=
er detects an overload, it will break the circuit, stopping the motor.

2. The control circuit consists of the < verload contact points, retaining points, and
the holding coil, The holding coil is the electromagnetic portion of the starter and
is free to move, When the circuit is energized, the main contacts and the retain-
ing points clofe, The holding coil keeps these points closed unless the circuit is
interr. .ted either by an automatic control (such as a tempera.ure or pressure con=
trol), manually (stop/start station), or a current overload,

/

(7) Defrost control, Most air-conditioning units and systems will have a duvfrost control
which will stop the compressor motor before the evaporator can get cold enough to
freeze, These controls are much like temperature controls in that they have a tem-
perature sensing device (thermal bulb), capillary tube, anda diaphrao‘m. The dia-
phragm is connected to a single=pole, single-throw (SPST) switch, When the evaporator
temperature beconies too low, the thermal bulb will sense the change and open the
switch stopping the motor, As soon as the evaporator has warmed again the control
will close and the motor can start, These controls are usually factory set and
should not be tampered with,

b, Motors, Most air-conditioning units in use in the Marine Corps today are of the package
type and are relatively small and compact, These units use single=- and 3-phase motors to
drive compressors and fan motors, Evaporator and condenser fan motors are usually driven
by single-phase motors, while compressors will usually use 3=phase.power, However, some
of smaller uni : (4, 000~6, 000 Btuh) use single-phase motors for compressor drive. Most of
the following information can be found in TM 5=670. It is included here to explain the many
types of motors and for future reference,

(1) Split-phase, This type of motor usually operates a fan, blower, or small pump, It

is a single=phase motor and is usually of fractional horsepower, The motor has four
main garts: rotor, stator, mounting frame, and centrifugal switch. The stator has
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(2)

two windings, a running winding and a starting winding, These windings are connected
in series by the centrifugal switch and are approximately 90° out of phase. Once the
rotor reaches approximately 75% of its running speed, the centrifugal switch opens,
removing the starting winding from the circuit and causing the motor to run as a simple
induction motor, Although this type of motor does not have a very high starting torque
(about 175% of full-load torque), once it reaches normal operating speed, it is fairly
constaiit, : '

Capacitor motors, These motors are easily identified because of a hump that is located
on top of the motor housing in which the capacitor is located, They are manufactured
in two types: capacitor=-start and capacitor=start-run,

(a) Capacit(;r-start. This type of motor is constructed much the same as the split-phase

motor except that a copacitor is connected in series with the starting winding and the

motor runs as an induction motor, The advantage of the capacitor is that it increases
the starting torque as much as 350% of the motor's full-load torque. Capacitor-start
motors are usually found in fractional horsepower sizes,

{(b) Capr _.tor-ctart=-run, These motors vary from the split-phase in that they are 2-

(3)

(4)

phase induction-type r.otors, They are constructed in two ways: one eliminates the
centrifugal switch and allows the starting winding to remaj* 'n the circuit while the
other uses two capacitors and a centrifugal switch, In the .-pu which eliminates the
centrifugal switch, some of the sta“ting torque is lost, Thiy is undesirable in some
situations, In the other type the two capacitors are connected in parallel, with one
(the starting capacitor) connected in series with the centrifugal switch and the other
(the running capacitor) connected in series with the starting windings, With this
method you still have the high starting torque and a 2-phase induction motor once
thescentrifugal switch opens (occurring at 75% of normal speed). The capacitor-
start-tun motors are usually found in 1=hp sizes and larger, They heva high start-
ing tosque and derendable constant speed under a changing load,
L
Shaded-pole, Shaded-pole motors are always single phase and fractional horsepower
motors, These motors have very low starting torque and are used to 1'un small fans,
clocks, and relays, This type of motor is unique in that it requires no brushes, com=~
mutator, or sliprings, It is constructed by placing a rotor in a field that has its pole
pieces split at the leading tip, In this split is placed a copper gtrip which causes a
short circuit and a weak opposing magnetic field, This magnetic field k.:ep - the rotor
turning in the same direction at all times, The motion of the field produces enough
(thcgh weak) torque to allow the motor ‘o start. This is why this type of motor is
used for the almost no-load jobs such as relays, clocks, or fans, TheGe motors are
very inexpensive to build and maintain,

Polyphase motors, There are many types of polyphase motors, However, they are
always 2- ci 3-phase motors and are usually 1 hp or larger, Although most polyphase
motorg are similar in construction, they do differ in several ways., There are two
types commonly associated with air-conditioning systems: the squirrel-cage motor
and the slipring polyphase motor,

(a) Squirrel-cage motor, This motor has a rotor inserted into a stator or field, Un-

like ordinary rotors the squirrel=-cage has no windings on the rotor. The rotor is
inade up of a laminated iron core with bars of copper, aluminum, or an a’'loy that is
a good conductor inserted into slots of the core, These bars are welded to end rings
which are of the same material as the bars. This type of rotor has no insulation,
Lrushes, sliprings, or commutator, The stator or field is wound with sets of coils
and all connections are made to the field windings, These are constant-speed motors
which develop a starting torque of about 300% of full-load torque. They are used to
drive compressors, pumps, and large fans, In some of the larger commercial type '
gystems (5 hp and above), a double squirrel-cage motor is used, These motors diffcr
from the single type in that they use two sets of bars in the rotor, The reason for
the double set of bars in the rotor is to increase the starting torque to between 490%
and 450% of full=-load torque,
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(b) Slipring polyphase motors. These motors have a rotor similar to the squirrel-cage

motor, but that is the only similarity, A polyphase motor does include windings on the

rotor, insulated rings (sliprings) on the shaft, and brushes, External resistances
are connected to the windings through the orushes which ride on the sliprings, By
varying the resistance, you can change the speed and torque of these motors, These
motors have high starting torque and arc excellent for use with equipment that varies
in speed,

2-10, REFRIGERANTS

a, General, In the process of controulling the environment of a glven space, we must have
something that will effect a heat transfer, In the past, fans were used to cause air movement
from one place to another, However, with our advanced technological procedures, mechanical
systems have been devised that not only cause air movement but also remove moisture, foreign
particles, and heat from the air. To eftect the transfer of heat, these mechanical systems
employ fluids that have the ability to boil at low temperatures, thus absorbing heat from the

_surrounding area, These fluids exert a direct action on an area or substance and easily change
their state from a ilquid to a gas and from a gas to a liquid., The fluids, called refrigerants,
are heat carriers, They absorb heat at a low temperature and release heat to a cooling medium
at a higher temperature, Refrigerants in common use today are affected by temperature and
pressure in a manner similar to water. Because refrigerants are used in automatic mechanical

~ systems (such as air conditioners), they must be safe. Accordingly certain criteria have been
established that must be adhered to as closely as possible while still accomplishing the job that

o system is designed to do, Fluid used as a refrigerant should have certain properties:

(1) 1t should be nonpoisonous.
(2) It should be nenexplousive,
(3) 1t should be noncorrosive,
(4) It must be nonflammable. °
(5) Leaks should.be easy to detect,
(6) lL.eaks should be easy to locate,
{7) 1t should operate under low pressure (low boihng point).
{8) It should be a stable gas,
(8) Parts moving in the fluid should be easy to lubricate.
(10) 1t should be nontoxic (not harmful if inhaled or if spilled on skin).
(11) It should have a high liquid volume per pound to provide durable refrige rant controls,
(12) At should have a high latent heat per pound to produce good cooling refrigerant controls.
(13) It should.have a low vapor volume per pound, This will reduce compressor displacement
needed,
(14) The pressure difference between evaporating pressure and condensing pressure should
be as little as possible to increase pumping efficiency, '

[t is desirable to keep normal pressures in the refrigerator as close to utmospheric pressure
a5 possible, because excessivae differences may cause leaks, overwork the compressov and
decrease the efficiency of the valves,

The st mdard comparison of refrigerants, os used in the refrigeration industry, is based
on an evaporating temperature of 51, (=15 C,) and a condensing temper ture of 86 I, (30 C, ).
In this chapter, each refrigerant discussed is compared on this basis,

As previously stated, a refrigerant reacts to temperature and pressure, Each refrigerant
has 1 critical temperature and pressure. The critical temperature of a refrigerant is the
highest temperature at which a refrigerant can exist as a liquid, regardless of its pressure.
The eritieal pressure of a refrigerant is the maximum pressure at which the refrigerant can
exist ns a gas, cordensing temperature and pressure that is well below its critical temperature
and pressure. The refrigerant used in a system must be able to operate at pressures as close
to atmospheric as possible and still accomplish the design purposes of the system,
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b, Primary refrigerants, There arc many primary refrigerants in use today. They range
from the hydrocarbons (=12, =22, F=-114, I*~502, etc,) to ammonia, All these refrigerants
ogerate in sealed, pressure-controllable systems. They all do not mect the previously men=
tioned criteria to the same extent and some are downright dangerous, However, they ull,
under certain pressure and temperature conditions, will accomplish the design purposes of a
certain system, The most commonly used refrigerants in the Corps are the hydrocarbor (¥-12
and F=22), which are used in mechanical systems, and ammonia, which is used in absorption
systems, '

GROUP ONE REFRIGERANTS
REFRIGERANT NO, NAME AND CHEMICAI. FORMULA

R-11 Trichloromonofluoromethane CClgk

R-12 IMehlorodifluoromethane CCly 1Py

R-22 Morsiochlorodifluoromethane CHC1Fy

R-500 Azeotropic mixture of 73, 8% of (R-12)
and 26, 2% of (R-152a)

R~502 Azcotropic mixture of 48, 8% of (R-22)
and 51.2% of (11-115)

R-503 Azeotropic mixture of 40,1% of (R-23)
and 59, 9% of (R-13)

R-504 Azeotropic mixture of 48, 2% of (R-32)

and 51, 8% of (R-115)

The Group Two refrigerants are toxic. They are irritating to breathe and may be slighfl_y
flammable. Methyl chloride is quite toxic. Refrigerants in this group include:

R=-7117 Ammonia NHjy
R-1130 Dichloroethylene CoHoCly
R-160 Ethyl Chloride Cyli5Cl
R-40 Methyl Chloride CH5Cl
R-611 Methyl Formate C2H402
R-764 Sulphur Dioxide SO

R-717 Ammonia was one of the first refrigerants used.

(1) Dichlorodifluoromethane (F-12), 1°-12 is a colorless, gascous compound which, at
atmospheric pressure, condenses at -21, 791, F-12 will dissolve oils and waxes but
will absorb only very little moisture. Therefore, F'-12 is relatively moisture free and
will also keep the system clean because of its solvent action. F-12 is noncorrosive to
the ordinary metals that are used in construction of refrigerating or air-conditioning
systems, It will attack natural rubber but has little effect on neoprene or chlorroprene.
1*-12 is ncntoxic, nonflammable, and nonexplosive. Ilowever, toxic materials mmy
result if 1'-12 is exposed to a hot flame (approx. 1000°F or higher) or an extremely hot
metal surface, Little, if any, anaesthetic action will result from this. One pound of
I°=12 will occupy 3 cubic feet at 70°F with a vapor pressure of 70 psig, Cylindetrs which
contain =12 are usually equipped with fusible metal plugs which melt at approxinitely
1860°F, Therefore, care must be taken not to allow overheating. When handling F-12,
he extremely careful to kecp it out of the eyes. First aid procedures will be covered
in paragraph 2-10f,

(2) Monochlorodifluoromethane (F=22), =22 is a colerless, gascous compound which condenses
2t =407, 1F-22 is more soluble in water than =12, nccessitating the use of a driexr in
systems using F-22 as refrigerant.  #-22 is noncorrosive to the meatals commonly used
in nir-conditioning systems, It is nontoxic and nonirritating and its vapors have no
appreciable anacsthetic or secondary toxic action.  F-22 is shipped in steel eylinders
and, like K=12, it must be protected from excessive heat as too great a rise in temper-
ature could cause the ecylinders to burst,
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(£} Ammonia, Ammonia is one of the oldest refrigerants still in use today. It is used al-
most exclusively in absorption ¢ ‘stems and in some very large industrial mechanical |
systems,  Ammonia is a enlorless, gnscous compound of nitrogen and hydrogen, Tt
condenses to a lquid at -28°F, Because of its extremely pungent odor, leaks are casily
detected, Ammonia is extreme’y soluble in water, One volume of water will absorb up
to 1,300 volumes of ammonia -,a8 a. 32°F at one atmosphere of pressure, Becuuse
ammonia is so soluble in aater, hose streams, particularl, fine sprays, are quite effec-
tive in removing the gas from the atmosphere, Ammonia, in itself, is not combustible,
In the presence of fire, however, it becomes a fire hazard, It is explosive when mixed
with oxygen, However, ammonia w1l not form an explosive mixture with air if there is
a substantial quuatity of water vapor present, Ammonia will readily burn.upon heating.
If mixed with oxygen and heated, the mixture will give off a high temperature greenish-
yellow flame, If ammonia vapors are breathed, even in small quantities, acute distress
is caused because the vapors will attack the respiratory system, Any exposure to large-
concentrations is fatal, Concentrations of 0,6% to 1. 0% by volume are lethal within a
few minutes, Although ammonia is a relatively dangerous gas, accidents will be rare if
precautions are taken, :

¢, Secondary refrigerants, Secondary refrigerants are agents such as air, water, and
brine, They are not, in themezlves, refrigerants and cannot be used in the primary system,
Sccondary refrigerants are cooled and passed over or around an area that needs cooling, They
pick up heat from that area and are returned to the primary refrigerating system for cooling
or are dissapated to waste, These secondary refrigerants may be brine or water sprays, used
in coils, or they may be passed over, around, or through an area by use of a blower or fan,
Remember: Secondary refrigerants are not, in themselves, refrigerants and cannot be used
in the primary system, ' ’ ' :

d. Marking, storing, and handling of refrigerants and compressed gases,

(1) Packaging, Refrige'rants are classified as compressed gases and are packaged in
compressced gas cylinders., All compressed gas cylinders used by the Marine Corps
and the other armed forces are manufactured under specifications set forth by the
1CC (Interstate Commerce Commission), Cylinders used as containers for compressed
gases are made of high quality steel, For high-pressure gases, such as oxygen, nitro-
gen, or hydrogen, they are usually of seamless construction, However, low-pressure
gases, such as acetylene, may use welded or brazed cylinders, All cylinders are
carefully tested at pressures that exceed the maximum pressure that is permissible.

A typical cylinder is an elongated tube with one end that is closed flat and the other
rounded, Every cylinder has one or more safety devices to include: spring release
plugs, fused metal plugs, breakable disc safety plugs (pressure release disc or
valve), or a combination of the fused metal plug and breakable disc safety plug.

There are three types of refrigerant cylinders:

1. Storage cylinder,
4. Returnable service cylinder,
3. Disposable (throw-away) cylinder,

Cylinders are made of steel aluminum, The larger ones usually have a fusible plug safety
dovice threaded into the concave bottom as a protection against overheating or excessive pressures,
A vilve at the top provides a connection for charging or discharging service cylincers,

Regulations ure prescribed hy the Interstate Commerce Commission (ICC) to insure the
safoty of those working with cylinders containing refrigeranta,

The [CC regulation requires that cylinders which have contiained a corrosive refrigerant
must be cheched every five years, Cylinders con aining noncorrosive refrigerants must be
checked every 10 vears,  All eylinders over 4} in dianmeter and 12 in, long must contain some
type of pressure release protective device, a fusible plug or a spring-operated relief valve,
for example,

Never recharge o disposable service cylinder, It may explode,
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(2) Marking, All cylinders have permanent markings which are stamped into the metal at
the shoulder, top, or neck and are in sequence extending downward, If a color-coded
neck ring is employced, the markings start as close to the ring as possible and are also
in sequence extending downward, Markings that are found on all government-owned
cylinders are the ICC specificatinn mark, the serial number and prefix letter, the
ownership symbol, and a disinterested inspector's mark, The name of the gas is ulso
stenciled on th. body of the cylinder along is longitudinal axis, Other markings found
on cylinders are: the word SPUN placed near the ICC mark if the bottom of the cylin-
-der 1s formed by a spinning process; the tare weight of cylinders that are filled by
welght (such as acetylene); the date of the cylinder's test, which is stamped diametri-
cally dates can be easily added in sequence downward; and the manufacturer's mn rk
stamped above the test date.

Cylinders are also color coded and will be painted in accordance with a strict
uniform color code which is specified in MII.-STD-101B, Cylinders contuining F-12
and I'=-22 are painted orange; some cylinders, however, will be painted with two
or more colors, For instance a cylinder containing methyl chloride will have its top
painted yellow, then a brown band and the body painted orange.

Also included on a cyiinder is a diamond-shaped label tag which indicates the
churacteristics of the cylinder's contents,
(3) Storage and handling. Refrigerants are compressed gases und, because of this, present .
special problems of storage and handling, Certain conditions must exist for safe stor-
age of refrigerants and special precautions must be observed when handling them,

(a), Storing, .

1. Compressed gas cylinders must be stored in dn area that is protected from exces-
sive risc and fall of temperature,

2. Compressed gas cylinders may be stored in the open, However, they must be pro-

" tected against extreme weather conditions and direct contact with the ground. Cylin-
ders stored outside should be kept away from direct rays of the sun in the summer
and free from accumulation of ice and snow in the winter. Ventilation must also be
provided in the summer to insure that the temperature around the cylinders is kept
below 125°F,

3. Keep compressed gas cylinders away from flammable substances such as oll, gas-
oline, kerosene, waste, etc, Smoking is prohibited in any cylinder storage area,

4. Insurc that compressed gas cylinders are kept away from live electrical wires,
clectrical equipment ground wires, and third rails,

Protect compressed gas cylinders from any objects that could cause cuts or abra-

5.

T gions in the surface of the metal, Insure that cylinders are stored in an area where
heavy objects, falling or moving, cannot strike them,

6. Store compressed gas cylinders in areas away frem contiruous dampness and from

galt or corrosive chemical fumes. These things will cause rusting, causing pro-
tective caps to stick, valves to become inoperative, and weakening of the cylinder
wialls,

Scgregate eylinders as to specific gases. Do not store empty cvlinders in the
same place as full ones. Insure that a fire-resistant partition is placed between
areas containing flummable and nonflammable gases.
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(b) Handling,

1.

Mark empty cylinders with chalk qgr tags. Do not use paint, Insure that the valves
on empty cylinders are closed, - .

Insure that valve cap covers, if provided, are kept on all compressed gas cylinders
when the cylinders are not in use, '

Insure that all areas and storage rooms that are used to store compressed gas
cylinders are well ventilated, This will prevent an accumulation of explosive or
harmful gas, : '

Store refrigerant cylinders e ither upright or on their sides,

Do not attempt to alter or repair any compressed gas cylinders, Use only speci-
fied teols for opening and closing valves, Do not remove or change any of the
permanent markings on compressed gas cylinders, Never tamper with any of a
cylinder's safety devices, '

~Never fill a cylinder with any gas other than the type for which the cylinder was

intended. Do not mix gases, Ikor example, do not put F-22 in a cylinder that
contains F-12, : .

When transferring refrigerants, do not completely fil! the cylinder. Room must
be allowed for expansion of the gas due to any rise in temperature,

Do not use cylinders (empty or full) as rollers or supports, or fu1r any purpose
other than to carry gas. De not use electromagnets to lift cylinders. If a crane
is used to lift them, insure that a proper sling is used to prevent dropping or
other damage., Handle cylinders carefully,

Never use compressed gas cylinders in any area where damage could be caused
by passing or falling objects, or in areas of concentrated heat (around stoves,
welding operations, furnaces, heated flooring, etc). Never open a cylinder valve
near welding operations,

o

No not use a valve regulator, gage, hose, or other apparatus specitied for, and
used with, a particular kind of gas for any other type of gas.

Never place your hahds or any part of the body in a gas stream, Any oil or foreign
material in the gas could penectrate che skin causing serious injury.

Never use wrenches or hammers to open cylinder valves that are equipped with
handwheels, Wrenches or hammers would damage the valve seat causing leakage,
J'or those cylinder valves equipped with handwheels, use the cylinder valve
wrenches (special tool for opening cylinder valves),

After attaching a regulator © o cylinder, insure that the regulator's adjusting
screw has been released before opening the cylinder valve, Do not allow the gas

to enter the regulator suddenly, Always open the cylinder valve slowly.

Before removing a regulator from a eylinder muke sure that the cylinder valve is
completely closed and all gas has been released from the regulator,

If o leak is discovered around the valve stem when the valve is open, close the
valve immediately, If this does not stop the leak, tag the cylinder und move it
out-of-doors. Keep all peraonnel and sources of ignitior. from the cylinder.
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12, If a leak develops around any of a cylinder's sufety devices, the cylinder should he
Moved out-of-doors and the valve opened enough to allow the gas to escape slowly,
All personnel and sources of ignition must be kept away from the cylinder,

13, Do not attempt to make any repairs.to a cylinder, Do not alter connections to make
auxiliary equipment fit, Do not force equipment that doesn't fit or use adaptors,

14, Do not try to stop a leak belween the cylinder valve and the regulator until the
cylinder valve has been closcd and time has been allowed for all gas heyond the
cylinder valve to escape, Then make any necessary adjustments to stop the leak,

15, Once a sylinder is empty make sure that the eylinder valve is closed, that the
cylinder is disconnected, and that the protective cap is replaced,

16, When you use a cylinder in the upright position, make sure that all precautions
are taken to prevent it from being tipped over,

17, Never connect a refrigerant cylinder to a system cxcept for charging or evacuat-
ing the systemm, :

18, When evacuating a refrigeration system, do not overfill the cylinder. A completely
filled cylinder is dangerous because a temperature rise could cause the cylinder to
burst,

¢, Transferring refrigerants, Refrigerants are shipped in compressed gas cylinders as
a liquid under pressure, “Liquids are usually removed from the shipping container and trans-
ferred to a service drum (cylinder) or to a refrigeration unit, When small quantities of gaseous
refrigerant are desired, they must be removed directly from the upright cylinder, However,
since vaporization of the refrigerant requirec heat, the cylinder must be heated from some ex-
ternal source, other than room temperature, unless only small quantities are required, Cyl-
inders may be heated by immersing them in hot water or wrapping them in hot towels of less
than 125°F, Heating by flame is not recommended because of the fire or explosion hazard,

When a service drum 1is to be filled, it should be placed on a scale to determine its
weight, A platform scale is usually used, After the drum is initially weighed, it should be
chilled by placing it in ice water or a refrigerated tank, It is then connected to the supply
cvlinder vith a charging hose and again placed or the scale, The air should then be purged
from the charging hose by opening the supply cylinder valve for an instant with the flare nut
loosce on the service drum,  After purging the charging hose, tighten thé flare nut and open the
valve on the service drum, Now, open the valve on the supply cylinder to p~~mit the refriger--
ant to flow into the service drum, When the weight of the cylinder indicates that the proper
amount of refrigerant has “een transferred, close all valves ti ghtly, disconnect the charging
line at the service drum, and cap all openings,

1. First aic anz safe'y, Because working with refrigerants can be dangerous, cspecially
if thev are imer)p—Q—I ly handled, it is importart for you to be familiar with first aid procedures,
In all cases of exposurce to refrigerants, medical attention should be summoned ag suon as pos-
sible,  In che meantime, there are some things that you can do to make the victim o mfortable
and to prevent any further injury,

(1) Halogen refrigerants (F=12, F-22, etec). When you are working with halogen refriger-
ants, goggles should be worn fo prevent any liquid refrigerant from getting Into your
eves, A gas mask should be kept hundy because halogen refrigerants become toxic if
they become involved in a fire,

If any liquid-type refrigerant should get into the eyes, drops of sterile mineral
01l should be put into the cyes to irrigate them and wash away the refrigerant, If this
does not stop the irritation, tnen the cyes should be washed with a weak boric acid
soluticn or n sterile salt solution (sodium chloride), not to exceed 2%, If uny liquid
should come in contact with the skin, treat the aren 2o if the skin had been frost-bitten
or frozen, Should a person be overcome due to a high concentration apply artificial
respiration, In all cases, summon medical attention immediately,
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(2) Amnmonia, Ammonia is extremely frritating to the eyes and skin and is toxic even in
small quantities, Because of this, goggles and protective clothing (gloves, rubber
apron, ete,) should be worn when there is a potential danger of spillage. .In areas where
ventilation is not good, a gas mask should be kept handy, For persons exposed to
ammonia fumes you s..ould- remove the victim to fresh air as quickly as possible-
keep the patient quiet and warm- and if the victim is not breathing, apply artificiul
respiration, If liguid ammonia gets into the eyes hold the lids open and wash them
out with water or a 2% bhoric acid solution, Once the eyes are washed thoroughly,
insert two drops of liquid petrolatum on the eyeball, If liquid ammonia comes in

_contact with the skin, strip any saturated clothing away from the affected area, wiash
the skin thoroughly with plenty of water, and then paint the affected ‘skin surface with
a solution of picric acid (if affected area is around the eyes, use a boric acid
solution instead of picric), Do not cover ammonia burns with bandages or clothing,
If the victim's nose or throat is affected, have him rinse his mough thoroughly with a
boric¢ acid solution and then drink as much water as possible, Whenever any accident
occurs while working with ammonia gas, medical help must be summoned immediately.

2-11, 1.UBRICANTS

Refrigeration units require the use of lubricating oils to provide lubrication of moving
“parts and, in some hermetic compressors, cooling of motor windings. Because of the extreme
temperatures which are encountered in refrigerating units, these oils must have special prop-
ertics that would 1ot e found in ordinary lubricating oils, Refrigerating oils are specially
prepared mineral oils having a paraffin or napthene base. Refrigeration oil must be able to
mix well with the refrigerant with which it is used, since the oil ¢irculates throughout tle sys-
tem with the refrigerant., It must also be able to withstand the extreme temperature changes
within the unit, It must be al*nost complétely free of moisture as moisture will damage a
refrigeration svstem, Properties of a good refrigeration oil are:

l.ow viscosity - which refers to the thickness of the oil
and its ability for a specified amount to flow past a cer-
tain size opening at 100°F. An oil with a'low viscosity

" will not break down at high temperatures or become
thick and lose its fluidity at low temperatures,

Low wax content - desirable-because at high temperatures
wax becomes separated from the lubricant, When this hap-
pens, valves, fittings, and strainers become chogged,
which could cause excessive pressure, evaporator and com-
pressor starvation, and damage to the system,

l.ow pour point - this refers to the lowest temperature
that an oil will remain a liquid and maintain it fluidity,

Chemical stability - because the oil and the refrigerant
must mix as they travel throughout the system. The oil
must be stuble so as not to react against the refrigerant,
\1so, the oil used cannot affect any of the materials
used in the construction of a refrigeration system.

fleat stability - g0 as not to cause carbon deposit at any
hot spots within the system, such as at compressor vialves
or discharge ports, ‘

Refrigerant ofls must be kept in sealed. chemically clean containers.  Any lines or con-
Liiners used to transfer these oils must be chemically clean.  Refrigerant oil left exposed to
air for «my length of time becomes contaminated due to moisture absorbed from the air and
cannot be used, Any oil removed from a system should be discarded, Never re-use refriger-
Gtion oil in a svstem, alwavs use new oil.  Be sure that any container from which new oil is
fiken is sealed immediately after drawing off the needed amount,  Whenever oil is removed
om -+ system it should be checked for discoloration and odor, If either or both are present, it
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Refrigeration oflg are rated by viscosity to operate at certain temperacires,  You should
check the TM for the particular gystem you are working on before putting oil into it, In this
way you will insure that you are using the proper oil for the temperatares at which the §ystem
operates, | '

A refrigeration system will use other type of lubricants such as grease and motor oil,
These lubricants will also be listed in the appropriate Th's for the equipment, The TM's
will also tell you the proper type and grade of lubricants to use and the proper interval at
which lubrication services ghould he performed, '

2-12, SUMMARY

In this chapter we have learned that an air-conditioning system is very similar to a refrig-
eration system, in that many of the components are the same,” We have taken each of these
components and learned their function and how they are used to complete an air-conditioning
system, Although each gystem varies in design, the basic refrigeration components (com=
pressor, condenser, evaporator, and metering device) are included plus certain valves and
controls, depending on the indivudual system's use and the manufacturer's design.. It was not
the purpose of this chapter to explain the operation of an entire air-conditioning system, but .
to show what is needed to construct a system and whit can be included to complete the system
and improve its efficiency, :

Also included 1in this chapter was another important factor in the proper operation of an
air-conditioning system, i.c., refrigerants, Because the refrigerant usced governs the design
and capabilities of a system, it is necessary for you to understand what a refrigerant is, what its
properties are, and just how a refrigerant effects the design and efficiency of a system.

RBecause you, as the mechanic, must work with these refrigerants, procedures for safe handling
and gtorage of refrigerants and related compressed gases were covered, Also covered were
the lubricants that are used in conjunction with thes . refrigerants, why they are different from
ordinary lubricants, and how they are used within an air-conditioning system,

In order for you to be a competent air-conditioning mechanic, it is important for you to
understand the function and purpose of each of the components of a system. It is also neces-
sary for you to know how these components are assembled into a complete system and used
in conjunction with a refrigerant and lubricant to efficiently accomplish the manufacturer's
designed purpose, Once you have this knowledge and understanding you are well on your way to
becoming a competent air-conditioning mechanic,

When a leak is suspected, make certain that the room is thoroughly ventilated before
starting to work on the un’t, Always check for recommended operating pressures for each
refrigerant and install gauges to find the pressures in the system,

Check refrigerant R-numberbefore charging to avoid mixing refrigerants, It'the refri-
gerant is a fluorocarbon, make certain there are no lighted flames near a system that is sus-
pected of having u bad leak, The refrigerant may breuk down and produce dangerous gases,
Always check the 1CC eylinder stamp'to make sure it is a safe cylinder,

Wear goggles and gloves at all times, especially when charging or discharging, These
will protect the eyes, skin and hunds in casce of 4 sudden leak,

\lwavs charge refrigerant vapor into the low side of the system,  liquid refrigerant
entering 0 compregsor may injure the compressor and may cause the ugit to burst,

Figquid refrigerant on the skin may freeze the skin surface and cause "frost hite, " If
this should happen, guickly wash away the refrigerant with water, Treat the damaged surface

for "frost bite, ™

vecidents involving refrigermts should be immediatel veferred to o doctor,



Chapter 3
SERVICING AIR-CONDITIONING SYSTEMS
3-1. INSTALILATION .

In order to insure proper operation of any air-conditioning system, regardless of size and
type, proper installation is a must. Equipment should be installed in a neat, clean, workmanlike
manner, To insure long, trouble-free operation, the system must be dry and clean, Special con-
sideration should be given to the following when installing any system,

a. Visual inspection, Once the equipment has been uncrated, it should be inspected for any
signg of damage during shipment, A check of the equipment should be made to insure that all
acressories, such as starters and controls, are tied to the unit or are present, Check for leaks,
loose connections, and signs of weak or cracked tubing. Also check to see that all electrical con-
nections made by the manufacturer are tight and correct,

h, Leveling and mounting. Any unit must pe installed properly, leveled, and mounted in a
secure position, Be sure that the support or mounts provided or recommended by the manufacturer
are used, Proper leveling of the unit will eliminate unnecessary noise and vibration and improper
lubrication of the unit, Also inadequate refrigerant flow may result if the unit is not leveled accord-
ing to manufdcturer's specifications,

¢, Air cireulation and cooling, When installing air-cooled units, it is essential that adequate
airfllow is available to insure proper cooling of the condenser and motors, A means of exhausting
the air must also be provided to prevent recirculation of used air whiea would cause a rigse in the
ambient temperature resulting in reduced efficiency of the unit, Water~cooled units must be pro-
vided with an adequate water supply at suffictent pressure as specified by the manufacturer’'s
design, Where cooling towers are used, the cooling tower connections of the condenser can be
used to reduce the pressure drop through theé condenser . (This is not true with all units, although
it will apply to most, ) Care must be taken that nothing interrupts or restricts the flow of air around
the condenser or the intake or discharge. This is ¢specially true with units that have the condenser
located away from the rest of the unit (split units), or of units with the condenser out-of-doors (such
as a window unit). Any unit intended for frce flow application on the outdoor portion {window units
or split units) must never be installed with duct connection to outdoors unless specific approval is
given by the manufacturer. Insure that air-cooled compressors are provided with forced
convection air cooling and that the air blows against the motor housing, Make sure that nothing is
blocking this flow of air. Water=coolrd compressors must have watetof the temperature speci-
ficd by the manutacturer, Make sure that a bleed valve is provided with cooling towers and evapo-
rative condensers to prevent a concentration of impurties,  This bleed valve should dissipate 1 1/2
to 2 1/2 aallons per hour (gph), depending on unit size and manufacturer’s recommendations.

d, Sound, Noise¢, even that of a steawy hum, is objectionable in many areas, [Places such as
sickroom= aned sleeping quarters demand a low noise level,. Therefore, care should be taken to
insure that saits are installod in arcas away from such p aces or in such « manner as to insulate
the objectionable sound from them,

v, Fleetrieal connections,  Fleetrical connections ¢an be very simple, such as plugging in a
cord as in the case of a window unit, to extreswely complicated, such as providing a separately
fused circuit breaker with stop-start stations .ad raagnetic starters with large remnte units, In
atl cases, clectrical connections must be made properly and tightly,  Poorly made electrical
comcotions can cause arcing, overloading of service wires and internal connections, and burning
of contact pointg,  Poorly made electrical connections can also cause motor-compressers to run hot,
fuses= to blow unnecessarily, excess power to be consumed, and other things too numerous to
mention here,  Alwavs insure that electrical connections are properly and safely made,

The clectrical outlet for the system must provide the correct electrical supply. Be surc
tor teod the electrie d ratings on the refrigerator and check these against the electrieal supply
ot the woll outlet, The modern household refrigerator-rreczer may need more current than the
older, simpler retriger tors and freezers,
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It is best to have a separate circuit from the fuse or circuit breaker box to the refri-
gerntor-freczer ontlet,  Avoid using an extension cord between the refrigerator power cord and
the wull outlet, ‘The resulting voltage may be too low, .

f. Leak testing. All joints, whether factory- or field-made should be checked for leaks,
Any leaks found, regardless how small or of what type (refrigerant or lubricant), should be
repaired, Continued operation of equipment without loss of capacity or deterioration requires
- that ALIL leaks be detected and repaired, ’

Note: See paragraphs 3-3 through 3-5 for leak detection and repair,

g. Safety, Always work safely. Adhere to local safety regulations that pertain to the equip-
ment vou are working with, Use the proper tool for the particular job that you are doing, Always
check 1anufacturer's manuals and pertinent TM's for any special safety precautions that must be
observed when working with a particular system or unit, Make sure that protective gear such
as goggles, gas mask, and protective clothing arc being used when working with refrigerants that
require their use. Work safely to insure that your job will be done properly and that you will be
around to complete it.

3-2, PREVENTIVE MAINTENANCE

Preventive maintenance to air-conditioning equipment is usually limited. However, making
periodic checks of the critical points-will insure a longer maintenance-free life for your unit,
Probuably the most important areas of preventive maintenance will be keeping the filters clean and
the condenser fins free from- dirt and dust, These items must be checked reqularly because any
restriction of the normal airflow will reduce the efficiency of the unit or system, Poor mainte-
nance and a malfunctioning defrost control can cause evaporator freezeup. Repeated occurrences
of evaporator freezeup will cause the comnpressor to short cycle and eventual damage could result,
Check electrical connections and contacts and keep them free from dirt, grease, and moisture,
Also make sure that the contact points are not burned, Make sure that traps, special filters, and
dehydrators within the system are kept clean and/or dry. Make the necessary replacement or
cleaning, Keep a check on-the unit or system for any unusual noises or vibrations. If any occur,
determine the reason and make any necessary adjustments include leveling the condensing unit,
carefully bending cooper tubing away from whatever it may be hitting, adjusting belts, and making
any small adjustmen that may be necessary. Lubrication should be performed at the proper
intervals as prescrit ¥d by the manufacturer, If you keep track of the small things, the unit will
have a long life and be free of major maintenance problems,

3-3, TESTING

To properly maintain, troubleshoot, and repair air-conditioning equipment, you should be
familiar with a number of tests, You must be able to detect leaks, find the causes of electrical
problems, and determine refrigerant and oil levels,

n, Leak deteetion, To operate efficiently, an air-conditioning unit or sy tem must remain
perfectly sealed, The refrigerant must be kept in the system, and air, foreign matter, and
moisture must be kept out,  The most common cause of leaks is poor workmanship, indicated
by improper flaring, poor soldering or sweating, and failure to tighten connections, Other causes
can be traced to normal operation, such as wear due to friction, heat,” pressure, and vibration,
Some units can come fromw .he manufacturcr in defective condition or are damaged when moved
from one place to another, You should thoroughly check all units upon receipt or when it is
necessary to move them to another location. There are three methods used to detect leaks:
positive, nonpositive, und special, A positive method is one that no only determines if a leak
is present, but also gives its exact location,  \ nonpositive method indicates the presence of
v lenk, but does not indicate its exact location, A\ special method is also a positive ne thod, but

it is one that can be used only on units using certain types of refrigerants,
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1.

Halide torch (fig 3-1), This is a special method used on units or sy...ms which use
the halogen refrigerants (i, e,, F-12 or F-22) and methyl chloride. The halide torch
may be heated with aleohol, natural gas, propane, or acetylene, A copper reactor
plate is located at the discharge end of a flexible exploring tube, With the torch 1it,
the exploring tube is passed over and around joints or areas of suspected leaks., If

the slightest hit of refrigerant is leaking, it will be drawn up the tube and the normally
blue flame will turn green, If a large amount of refrigerant is encountered the flame
will turn purple or it may go out, To use the halide torch, proceed as follows,

- (a) light the torch and adjust it so that it produces 4 small biue flame.

(b) Insure that the exploring tube is clean,

(¢) Hold the open end of the exploring tube as closec to the area being tested as possible
so that sample ajr will not diluted by stray ¢ r currents. The exploring tube should
be moved slowly over the area being tested, because there is a time lag between
the instunt the sample air enters the tube and the time it reaches the ‘reactor plate,
Leak testing cannot be hurried. '

(d) Do not use the torch in an area that has a high concentration of refrigerant gas
because it will foul the torch,

(¢) Alike sure that the area in which yvou are to conduct a test is well ventilated, Halo-
gen refrigerants will form phosgene gas when exposed to temperatures of 1, 02201"
and inhalation of this gas must be.avoia. d.

(f) If possible, accomplish testing when the system is on a running cycle., This is to
insure that there is sufficient pressure throughout the system to insure detection,
If the system is in an off cycle it is quite possible to miss a leak in the low side
because of insufficient pressure.

OPENING TO SEE
FL AME COLOR

COPPER . ; Siod, Bins
ELEMENT n x\ "

I'ig 3-1., Halide Torch I.cak Detector

3-3



(2) Soap or oil bubble test, (Fig 3-2). The usc of soap or oil to detect a leak is u positive method.
In thia method you mix soap and water to make a thick golution, Let it sit until the
bubbles from mixing have disappeared, Then apply the solution to the suspected leak
with & soft brush, Ifa leak is present, bubbles wi]l appear in the solution (fig 3-2).
This 18 the best method of leak detection when.testing under hazardous conditions,
Oil can also be used in the same manner, Spread a film of oil around the joint or
suspected leak and bubbles will appear, ‘ .

Fig 3-2, Soap bubble test

(3) Pressure and vacuum tests, These tests are nonpositive methods of detecting leaks,
Al that they will determine is that there is a leak somewhere in the system, In the
pressure test, a positive pressure is built up inside the system and a reading is taken,
After 24 hours another reading is taken. Any drop in pressure from the first reading
indicates a leak, In the vacuum test, you would draw a vacuum on the system- any rise
in pressure over a 24-hour period indicates a leak.

(4) Ilectronic tester, (Fig 3-3), Another tester that could be used by the air-corditioning mechanic
ig the electronic tester, This is the most sensitive of the testers. On sensing the
refrigerant leak, there will be a change in current flow that will show on the meter.

%

\ v § ’ 3
POWER & -
CORD

Fig 3-3. Electronic tester

b. Electrical testing. Since most of the air-conditioning units in use within the Corps today
have electric motors and controls, it is necessary to be able to use the various items of eloe-
trical test equipment available to determine the condition of a motor/compressor unit. Through
proper use of this equipment (wattmeter, ammeter, voltmeter, and multimeter) you will be
able to determine proper load, open circuits, defective relays. and numerous other malfunc-

tiiasg,

(1)  Wattmeter (fig 3-4), Through use of a wattmeter you will be able to determine the
power consumption of a unit, You will also be able to determine whether or not the
starting winding i{s open, if relays are operating correctly, and if the load on the motor
is excessive or not, Wattmeters are available in many makes and models, Some read
wattage only, while others are combination types. Some combination types will read
voltage or amperage in addition to wattage, while others will read all three, These
meters will have from two to six leads, Spec’ ‘¢ instructions on the operation of an
individual meter will be included with cach meter as {t comes from the manufactu er.
When properly connected into the circuit, your meter will give you three successive
readings., As the power is turned on, the needle or pointér will swing up to a point
and pause momentarily: this will be the "overswing' or "start” reading. Then, almost
finmediately, the necedle will move back to the left (most waitmeters read from left
to right) and will give you the combined start and running running rcading. The nccdle
should pause for approximately 1 to 1 1/2 seconds apd then drop farther back to the
left and give vou the rnunning reading, If the starting winding or relay is had, the ncedle
will swing to the right and move all the way back to the running reading only, not pausing
at the starting and running reading, If the compressor has a shortage of refrigerant,
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(2)

causing the motor to work harder to provide
enough refrigerant to the evaporator, the
running reading will be higher than stated on
the <ata plate. However, in order to determine
an overloaded condition, observation is ncces-
sary for a period of time., (Time period can

be found in the appropriate TM or manufacturer's
manuai, ) If the motor is shorted internally,
causing the safety devices to kick out, then
the only reading will be the initial pull and

the needle will drop back to zero.

Muitimeter,
voltage, or current,
('orps. The following is an explanation of its use,

g 3-5.

3-5

X

&

Fig 3-4,

Simpson 260-6 Volt-Ohm-\Milliammeter

Wattmeter,

Tne multimeter is a multipurposev instrument that can measure resistance,
Figure 3-5 shows a multimeter that is widely used in the Marinc

5\
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a. Powor Source, There are two batteries in the ohmeter circuits; one is a D size cell that
farnishes 1.5 volts for the Rx1 and the Rx100 ranges (resistance), and a 9 volt battery
for the Rx10, 000 range (resistance),

b, Fuse Protection. A 1 ampere, 250 volt and a 2 ampere, 600 volt high capacity 1se are
provided to protect the Simpson 2€0's low impedance circuits from misus2 on the ohm
and current ranges, The 1 ampere fuse is used for normal overload conditions, and the
2 ampere fuse is connected in series with the 1 ampere fuse as a protection against ex-
cessive high energy overloads applied to current or ohm's ranges. :

Note: If the multimeter fails to indicate, the 1 amp or the 2 amp fuse
may be burned out,

P O R ST Al

I

T
.

W, PP \
P R R S

Fig 3-6. Battery and Fuse Compartment

(¢) Meter Face. Although the meter face has five graduated scales, we will concern our-
selves with only four of the five, The top graduated scale is for the resistance readings
(ohms) only. You'll notice that the ohm's scale numbers run backwards as compared
to the other three scales, The DC scale is to be used for D, C, voltage and current
readings only. There are 3 sets of numbers that are read left to right. The appropri-
ate rov. of numbers are determined by the range switch setting, The AC scale is to
be used for A.C,. voltage readings only. This meter does not measure A, C, current,
The first A. C. scale (in red on the actual meter) is to be used in conjunction with the
three sets of black numbers above it, for any range between 0-253VAC (Volts-Alter-
nating= Current), The second A, C, scale (in red on the actual meter) is to be used
for A, C. voltage ranges between 0-2,5 volts, The last Decibel (DB) scale is not used

by the Air Conditioning Mecharic,

BEST COPY AVAILABLE
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(d)

(e)

R . B A AR ‘
PR YUY OL1-OHM - MILLIMMETHY ,:::::31 R3] D

Front Panel:

Fig 3-7. 'Mcter scales

The 260-6 Volt-Ohm-Milliammeter is a large, easy-to-read 4,
inch indicating instrument,. Below the Instrument are four con-
trols and eight circuit jacks., Switch positions and circuit jacks

" ‘are marked in white characters for easy reading,

Range Switch:

(f) Function Switch:

(g8)

(h)

(i)

Has 12 bositions: May be turned in either direction, There are
5 voltage positions, 4 direct current positions, and 3 resistance
positions used to select desired ranges,

The function switch has three positions: -DC, +DC and AC, To
nieasure DC current or voltage, set the function switch at the -DC
or +DC position, depending on the polarity of the signal applied
across the test leads, To measure AC voltage sei the function

- gswitch to the AC position, For resistance measurement, the

Zero Ohms:

Circuit Jacks:

Pointer Adjust
Ifor Zero:

switch may be set in either the +DC or -DC position, The polarity
of the internal ohmmeter battery voltage at the (+) pos jack is
ideatical to the function switch polarity setting and opposite at the
(-) common jack, L

This control is used to compensate for variation in the voltage of
the internal batteries.

There are eight jacks on the front panel marked with the functi~as
they represent (Figure 3-1), These jacks provide the electrical
connections to the test leads, The COMMON /=) jack is used (in
conjunction with the black test lead) as the reference point for the
measurement of all the functions with the exception of the 10A
range, (Refur to the Operation Section for details, )

With the Volt=-Ohm-=Milliammeter in an operating position, check
that the pointer indicates vero at the left end of the scale when
there is no input.  if pointer is off zero, adjust the screw located
in the case helow the center of the dial. Use a small screwdriver
to turn the screw slowly clockwise or counterclockwise until the
pointer is exactly over the zero murk at the left end of the scale,

o7



- ) With the indicating pointer set on the zero mark, reverse the
' . direction of rotation of the zero adjuster. Rotate the zero adjuster
a sufficient amount to introduce mechanical freedo:n or 'play'' but
insufficient to disturb the pos tion of the indicating pointer, This
procedure will avoid disturbances to the zero setting by subsequent
changes in temperature, humidity, vibration, and other environ-
mental conditions, ' :

i
[
]x
!
!
I
i
!

Fig 3-8, Front PPanel Controls, Jacks and Indicators

Safetv.  Before we cover the procedures when making clectrical tests, we must first go over

sorne general safety precautions,

-

4. Inspect the test leads for cracks or breaks in the insulation, prods and connectors
hoefore cach use.  If any defects are noted, replace the test leads immediately,

b, \Voltages may appear unexpectably in defective equipment, Turn off power and dis-
charge all capacitors before connecting or disconnecting test leads to and from the
circuit being measured, '

¢, Iands, shoes, floor and workbench must be dry to avoid shock,

d.  For maximum safety, do not touch 1cads or instruments while power is applied to the
circuit under test,

¢. Do not make measurements using tests leads of lesser sufety than those originally
furnished with the instrument,




f. Do not touch any object which could provide a current path to the common side of the
circuit under test or power line ground. Always stand on a dry surface capable of
withatanding the voltage being measured, or that could be encountered.

g, When making voltage and current measurements, ALWAYS start with the highest range,
to avoid "pegging'' the meter's needle and or blowing the meter,

Note: Pegging' the needle or meter is when the Runge Switch setting (Voltage and Cur-
Tent) is set too low for the value being measured, Thisg causes the needle to swing off
gcale hitting the "stops'' located beneath the meter face, Many times it is done hard
enough and often enough that it will Lend the needle, causing all rcadings that follow

to become inaccurate. '

Operation, The following precautions and procedures are to be observed when making a voltage,
current and resistance measurement using the Simpson 260 multimeter.

Note: Most of the following procedures and precautions apply to most other
makes of multimeters as well, '

1, Voltage Measurement.

4

a. Ensure that the "bananna' plugs of the test probes are in the appropriate jacks;
Black probe in the ""common (-)" jack and the Red probe in the "+'" jack, (Most
of your measurements will be made using these jacks).

b. Set the "Function Knob" on "+DC" (set on AC when raaking AC voltage measure-
ments). Most of your measurements will be made using this setting,

c. Set the Range Switch on the highest voltage setting (vold fuce numbers-500V), if
the maximum voltage value is unknown for the circuit being no asured.

d. De-encrgize (turn off) the circuit to be tested.
e, Place the test probes across or in parallel position with the component o be

measured, observing polarity (Black to the negative (-) side and Red to the posi-
tive (+) side). _ '

f, Energize (turn on) the circuit and try to obtain the most accurate reading, a "full
scale deflection" (getting the meter's ncedle as far right as possible without
"pegging it'). This is accomplished by lowering the Range Switch setting,

A

-OO-—-—I

SWITCH — +

Ne
@ 7

COMPONENT

POWEFR SOURCLE
(BATTLERY) -

g 3-9. Voltage Check
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2,

Current Measurement,

il

b,

I asure that the bananna plugs of the test probes are in the appropriate jacks; Black

probe in the "common (+)'" juck and the Red probe in the "+" jack,

Fnsure that the function knob is set on "+DC" (This meter DOES NOT read At current),

Set the Range Switch setting on the highest current range (bold face number=-500)MA),
if the current value of the circuit under test is unknown, T :

De-energize the circuit,
Physically "break' into the circuit and place the test probes in sceries with the component
to be measured, OBSERVING POI.ARITY, This is done by placing the Black probe on the

negative (=) side and the Red probe on the positive (+) side of the component to be
measured, '

Fnergize the circuit,
Try to obtain the most accurate reading by trying to obtain a "full scale deflection" (the

needle as far to the right of the scale as possible, without "pegging" it), This is done
by lowering the range switch setting.

SWI'TCH
h
] B
COMPONENT

POWER SOURCE
(BATTERY)

L —

Wip 3-10, Current Meusurement,

Resistince Measuremont,

-

b,

d.

Ensure that the bunanna plugs of the test probes are in the appropriate jacks; Black

probe in the “"common (-)" jack and the Red probe in the "+'" jack.

Ensure *hat the function knob is set on the "+DC" setting,

Set the Range Switch on the approximate resistance range of the component to be
measurcd (if known). If unknown, set the Range Switch on Rx1 or Rx100 (especially
for "continuity'' checks, which will be explained),

De-cnergize the circuit und keep it de-energized (off),

1solute (disconnect the component to be measured, so there is no clectrical return path)
the component to be measured,

" Joro" the multimeter (always prior to measurement and each and every time you chaage
resistance range settings),  This is done by touching the ends of the test probes together,
which should cause the needle to deflect (move) to the right,  If the needle does not go

411 the way to zero (ohms seale), adjust it by using the '"zero ohms adjust knob'',



w :
ZERO OHMS

Fig 3-11, - '"Zero the Meter, "

#. v'l.ce the test probes across or in parallel with the component to be measu red. You do
not have to observe polarity (remember, the power is off),

b, "Try to obtain the most accurate or "mid scale" reading, This is done by chuirging the
resistance range settings. Remember to "zero" the meter each and every time vou
change range switch settings. '

SWITCH COMPONENT I

— POWER SOURCE
————— (BATTERY)

—_—{ 3}

IMig 3-12. Resistance Check.,

Continuity Checks. It means the same as resistance checks, so the procedure is the same,
Concinuity checks are normally associated with checks mn de in cornections or wires for breaks
(Opens) and shorts (grounded),
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Aruitoxt provided by Eic:

(4) Ammeter. Your shop should be equipped with an pmmeter capable of reading at least
100 ampse. It should be of the internal shunt type, Ammeters are connected in the cir-
cuit in series and indicate the amou..* of amperage being used or "pulled' by the circuit,
“mmeters will have a posi.ave {4} lead and a negative (=) 1 ad and are hooked into
the clrcuit 80 th~t the electron flow will be from negative to positive. When
inserting your ammeter into the circuit, make sure the power is off. Once you are
satisfied that your meter is hooked up correctly, turn on the power and obta in a reading,
To re'nove the meter from the circuit, turn off the power, unhook the meter, reconnect
the circuit, and turn the powwsy back on. If you are not sure of the direction of the
electron flow In the circuit, unce you have the meter hooked up, turn on ‘he power
momentarily and observe the pointer «r needle movement (most ammeter pointe. s move
from left to right), If the needle moves in the wrong direction, reverse the leads and
you will be able to get a proper reading, A commonly used ammeter in the Marine
CorXs is the hook=on-type voltammeter (fig 3-13), This rae ter simply hooke around the
conductor and the current can be ineasured safely withoat too much inconvenience,
Voltage can usually be read with this mcter; however, the switch would have to be set

~ to volts and the leads attached to voltage terminals across which voltage could be
- measured.

Fig 3-13. Hook=-on voltimmeter.

(5) Hourmeter. An hourm->ter can also be used as a means of testing a unit. It can be used
to check the cyc.isig or running *ime of a unit that is kept in continuous operation. By -
keeping a periodic check un a unit's hourmeter you can determine whether or not a unit
is short- or long~-cycling or if it is running continuously. An hourmeter is also very help-
ful in the performance of preventive maintenance. Since maintenance is scheduled and
based on unit running time, the hourmeter will give an accurate accounting of running
ti:ne, thus al'owing for the performance of maintenance at the proper intervals.

3-4, USE TOF THE BAR GAGE MANIFOLD

a. Installing the bar gage manifold . The purpose of the bar gage manifold is to allow you to
observe both low = and high-side operating preasures at the same time, It also permits charging,
evacuating, adding oil, and purging of noncondensible gas with comparative ease. It is most
importaunt that the bar gage manifold be installed carefully and correctly. If it isn’t, air may enter
the system and leaks may occur. The following is the proper procedure for installing the bar
gage manifold. (Refer to figure3-l4for picture of the bar gage manifold, )

(1) Backseat the suction and the discharge service valves,
(2} Remove the cang from the gage ports.

(3) Connect the pressure gage line from the bar gage mamfold to the tischarge service valve
gage port. Tighten the hose connections.

(4) Connect the compound gage line from the bar gage manifold to the suction serviee valve
gage port, Leave the hose connection loose, ‘

(5) Make sure that the center charge port on the har gage manifold is capped tightly.

(6) Open the compound and pressure gage valves on the bar gage manifold 2 complete turns
off their seats. (Turn the handles counterclockwise.)

(7) Crack the discharge service valve off its hackseat, allowing the refrigerant to push air

out through the loose hose connection on the suction service valve; then, tighten the hose
connection on the suction service valve.
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(8) Close the compound and pressure gage valves on the bar gage manifold.
(8) Crack the suction service valve off its backseat.
(10) Observe the pressures,

b. Removing bar gage manifold. It is also important to be equally careful when you remove
your bar gage manifold. The following is the proper procedure. -

(1) Bockseat the discharge service valve.

(2) Open ‘he compouna gage valve off its seat 2 complete turns,

-

 (3) Make sure that the unit is running (if possible),

(4) . Crack the pressure gage valve off its seat very slowly, allowing the discharge pressuré
in the gage lines to bleed into the low side of the compressor,

(5) Backseat the suction service valve.
(8) Remove the bar gage manifold and install the gage ports, caps, and valve covers.

c. Evacuating. Before dismantling any air-conditioning unit, it is first necessary to remove
the refrigerant. The only exception to this is when a pump-down operation (explained in para 3-4d)
is applicable, It is considered a good practice to discard the refrigerant from small units (if fresh

" refrigereni is available)., On large units, the refrigerant can be reused if it is free of contamina-
tion. There are two ways or methods of evacuating a refrigeration system: using the unit's com-
pressor (if it is operative) and using a vacuum pump. If the unit's compressor is hermetic, it
should not be used for evacuation,

(1) Evacuating by using the unit's compressor (fig 3-14). To evacuate by using the unit's
compressor, you should: -

(a) Stop the w.it.
(b) Backseat the discharge and suction service valve.
(c) Install the bar gage manifold,

(d) Place an evacuated (empty) refrigerant cylindar, of the right size to hold the system's
refrigerant charge, in a container of ice water.

" (e) Connect a flexible charging line between the center port of the bar gage manifold and
the service cylinder, Leave connection at the service cylinder loose,

(f) Crack the discharge service valve.
(g) Open the pressure gage valve on tne bar gage manifold.

(h) After the air bleeds out of the lines (3-5 seconds), tighten connection at the service
cylinder,

(i) Open the service vylinder valve.

(j) Start the unit,

(k) Crack the suction service valve to obtain suction pressure readings.

() Slowly froniseat the discharge service valve, observing the head pressure. If the head

pressure reaches 150 psig, stop the unit until head pressure drops to 100 psig. Con-
tinue the operation when the head pressure has dropped.
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(m) Complete the evacuation. When the compound gage reads 0 psig, evacuation is com-
plete, ) )

(n) Close the service cylinder valve,
(o) Close the preséure gage valve and stop the unit, Warning: If any part is to be re-

moved or opened for repair, make sure that'the unit is not in a vacuum (below O psig).
Figure3-14illustrates evacuation by using the compressor.
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Fig 3-14. Evacuation by using the unit's compz essor.




(2) Fivacuating by using a vacuum pump. You should:
(a) Stop the unit,
(b) .Backseat the discharge service valve and the suction service valve,
(¢) Install the bar gage manifold.

(d) Connect a flexible charging line between the center port of the bar gage manitold
and the guotidn port of a vacuum pump.

(¢) Connect a flexible charging line from the discharge port of the vacuum pump to a servic
cylinder, leaving service cylinder connectinn loose.

(f) Crack the compressor discharge service valve.

(g) - Open the pressure gage valve and turn the pump over, purging the lines between the
bar gage manifold and the service cylinder.

(h) Tighten the service cylinder connections,
(i) Close the pressure gage valve and open the compound gage valve.
()} Open the service cylinder.valve.

(k) Crack the suction service valve of the compressor to obtain a suction pressire reading.

“

(1) Start the pump. Evacuation is completéd when the compound gage reads 0 psig.
(m) Close the service cylinder valve, then stop the pump.
{(n) Close the compound gage valve,

(0) Backseat the suction service valve. Warning: If the system is to be opened for re-
pair, make sure that the unit is not in vacuum,

d. Pump-down (f.g 3-15). The purpose of pumping down a unit is to trap the refrigerant in the
receiver in order to repair or replace components without evacuating the system. The sequence
for pump=-down is: Install the bar gage manifold, close the king valve, set the low-pressure con-
trol at 2 psig, and then operate the unit until it stops. Turn off the power and check the compound
gage. If the pressure builds vp above 2 psig, start the unit again and run it until the gage remains
at 2 psig. Once the compound gage remains at 2 psig, frontseat the discharge service valve. Now
you can repair or replace any lines or parts from the king valve up through the evaporator, meter=
ing device, drier, and back to the discharge service valve; this includes the compressor itself.

Note: ‘T'o make sure that the discharge reeds in the valve plate are not leaking back to the low
side, you should frontseat the suction service valve and run the unit until 0 psig is reached,
‘I'hen qtop the unit. If the compound gage remains at 0 psig, the discharge valves are not
leaking.

Once pump-down has been completed and the parts have been repaired or replaced, you can
restore the unit to operation, To do this, you would tighten all connections and then loosen the
flare nut on the suction service valve with the valve frontseated. Next., open the king valve and
allow the refrigerant to push whatever air has entered the system out through the loose flare nut
at the guction service valve, Tighten the flare nut on the suction service valve and then open
all other valves to resume normal operation.

e, Charging. Refrigerant is added tothe unit by supplying it through the suction service valve
(low-side charging) or through the discharge service valve (high-side charging). In low-side
charging, the. refrigerant is always added in gaseous form, Low-=-side charging offers good con-
trot of the charging process and should he used whenever possible,  Although it takes leager,
it i much safer and you are in compleote control of the entire process, In high-side charging,
the refrigerant 1s always added in liquid form, High-side charging is very rapid. The amount
of refrigerant to be added must be weighed or measured, While the charging process is going
on the service cvlinder must be inverted (turnced upside down),
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Fig 3-15, Pump=-down
(1) L,g_\\i-_gi_de charging (fig 3-16), For low=-side charging, proceed as follows: ‘
(a)“ Backseat service valves,
(b) Install the bar gage manifold, leaving the connections loose at the service valves.
{(¢) Open both of the valves on the bar gage manifold.
(d) Attach a flexible line from the service cylinder to the center port on the bar gage

manifoled.
Note: Service cylinder will be in an upright pasition.

(¢) Momentarily open the service cylinder valve to purge the service lines.
(f) Tighten all the connections at the service valves.

(z) Close the compound and pressure gage valves.

(h) Crack the suction service valve. |

(i) Crack the discharge service valve and get the head pressure reading.
(i) Crack the commpound gage val -e.

(k) Start the unit,

(1) Keep suction pressure at approximately 30 psig by adjusting the compound gage valve.

(m) Cnarge the required amount of refrigerant into the system.

Note: If the exact charge is unknown, charge a small guaitity at a time and continually check

the operating pressures, sight glass, and frostline. To speed up the charging process
vou can place the service cylinder in a container of warm water.

(n) When enough refrigerant has been added to the system, close the service vylinder valve,
{0) Backseat the discharge service valve,

(1) Allow the compressor to draw the remaining refrigerant out of the lines,
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(q) Close the compound pressure \alve.

(r) Backseat the suction service valve.

{s) Check the unit for proper operation.
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“Fig 3-16. Low-side charging.

(2) High-side charging, In high-side charging, you must remember several things: first
that the refrigerant igs always added in liquid form and that the exact charge must be in
the rervice cylinder--no more and no less, Remember that the unit is not ranning, that
that the service cylinder must be inverted,. and that this is a rapid raethod e¢f charging
a unit, You should also be aware that high-side charging is dangerous and unless it is
done correctly, lines may be ruptured and the compressor ¢can be damaged beyond re-
pair. In order to charge liquid refrigerant into the high sid.: of a system, the pressure
in the service cylinder must be higher than that in the system. If the system you are

"charging is water-cooled, the pressure in the liquid receiver, with the water running,
will be low enough to force the refrigerant from the cylinder into the system. If the
unit to be charged is an air-cooled system, the pressure inthe refrigerant drum will
have » be increased. The high-side charging procedure is as follows:

(a) Backseut both of the service valves.

(1) Install the bar gage manifold and leave the connections loose at the service valves,
(¢) Open both of the valves on the bar gage manifold.

(d) Attach a flexible charging hose fromthe center port of the bar gage manifold to
the service cylinder.

t

(e} Open the service cylinder valve and purge the lines to the service valves.
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(f) Tighten the connections at the service valves.

() Close both valves on the bar gage;ﬁmanifold.

[
. ]

(h) dInve' rt the service cylin(l,er with the exact charge and support it securely.
(i) Open the pressure-gage valve, '

{(j} Crack both service valves.

(k) Liquid refrigerant will be forced into the condenser and receiver.

(1) Apply heat to the service cylinder by using rags soaked in hot water; when the cylmder
is empty, remove the rags.

(m) When the cylinder is empty, close the cylinder valve.

Note: When charging through the high side with liquid refrigerant, the refrigerant will make
a gur'gling sound. When this stops you will know that the cylinder is empty.

(n) ( lose the pressure gage valve.
(0) Remove the service cylinder.
(p) Start the unit and check its operation.
(3) Determining the charge, There are three methods of determining whether you have the

correct refrigerant charge in a system: sight glass, pressure determination, and
weighing the charge,

(a) Sight glass. In a system that is fully charged, the sight glass will show a clear flow
“of refrigerant; in fact, ¢ will appear empty. If the glass appears cloudy or bubbly,
it usually ineans that the system is undercharged and that more refrigerant is
necessary,

(b} Pressure determination. After charging a unit with an estimated charge, it may be
nvopssar:y to determine if the charge is correct by using the pressure determination
irechod.  This can be done in two ways, either by using the head or discharge pres-
sure, or by using the suction pressure. After the charge has been added to the sys-
tem, the unit must be run until the pressure stabilizes. Once the pressure stabilizas,
the ambient temperature must be determined. The ambient temperature will vary
depending on the type of condensing unit that the system uses. The actual ten:perature
of the condenser is taken and then a certain number of degrees Fahrenheit is added (see
fip 3-17 for the correct number of degrees). Then by checking the pressure/temper=-
ature chart you can determine whether the pressure is correct,

Fixample 1. To rletermine the head pressure of a

natural convection unit, first take the temperature { Type of Condenser Temperature

of the condenser. If the temperature {s 75° F, you ‘

add 35°F to it (fig 3-17). Thus: 75° + 35°0F = Natural convection Ambient temp

110° F. Now check tne pressure/termperature +35° F

chart. If the refrigerant is F=12, you find that

the pressure gage should read 136, 4 psig. If it Forced convection Ambient temp

reads less, more refrigerant is needed, If it +30° F

reads more, some refrigerant will have te be

evacuated, Water-cooled Ambient temp
+20° ¥

Fig 3-17, Temperature chart for
determining ambient

6 8 temperature.
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E xamplo 2, The normal suction pressure of a unit would be equal to the evaporator
temperature mihus 10° F regardless of the type of condensing un.t. Assume you find
that the evaporator temperature {s 30° F, You subtract 10° io give you an ambient
temperature of 20° F, The pressure/temperature chart shows that the gage should
read 21, 04 psig.

(¢) Weighing the charge. This is a simple method; howevei, the charge must be known
in advance. First an evacuated cylinder is weighed and then the necessary refrigerant
is put into the cylinder,

Example: If an evacuated cylinder weighs 15 1b and the 'l‘M“specifles th at the unit
needs 5 lb of F~12,. the filled cylinder should weigh 20 b, The cylinder is placed
on a scale.nd the system is charged (filled) until the scale again reads 15 1b.

f. Removing and adding refrigeration oils,

(1) Removing refrigeration nils. In case there is an overcharge of oil in a system, the
excess must be removed. If the oil has become contammated, it must be changed. To
remove oil from a system, follow this pro(,edure- :

(a) <Attach a compound gage to the low side of the system.

{b) Start the compressor and gradually frontseat the suction service valve until the
pressure in the crankcase drops to 1 psig.

(c) Stop the compressor and frontseat both the sdrvice valves.
() Drain the oil through any valve or plug below the service valves.
(e} Replace the plug and tighten or close the valve,
(f) Place the system hack in operation.
Note: Always purge air from a system, whenever it has been opened.
-4

(2) Adding refrigeration oil. There are 1two m_gf{hods of adding oil to a compressor: the low-
side vacuum method and the oil plug method.

(a) Oil plug method. To use this method, proceed as follows:

1. Attach a compound gage to the low side.

2. Start the comnpressor and slowly frontsea‘ t'.e suction service valve until a pres-
sure of approximately 2 psig is reached.

Stop the compressor and frontseat both of the service valves.

s

| &

Slowly remove the oil gage or the oil filler plug.

()

slowly add the required amount of oil through a clean, dry funnel. Do not add
more than 1/4 pint at a time :

fi. Replace and tighten oil plug or gage.
7. Return the service valves to their normal positions.

(b)Y  \Viacuum method (fig 3-18). To add oil to the compressor using the vacuum method,
proceed as follows:

Install the bar gage manifold.

—

F'rontseat the suction service valve,

loc
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3. Run the unit uniil the compound gage registers a 15-inch vacuum, .

. Stop the unit,

HECS

5. Install a flexible charging line from the center port of the bar gage manifold to
the oil container, .

Note: Always place the end of the charging line well below the surface of the oil in the oil
container. This will insure that only moisture-free oil is drawn into the compressor.

8. Crack the compound gage valve; atmospheric pressure will force the oil into
the compressor crankcase.

7. Add only about 1/4 pint of oil at a time.

SUCTION LINE

EVASOAATON

LIQUID LINE

LIQUID LINE SERVICE VALVE

SEPycl

veva \K 7 /)

J‘wrawgf //’—"\}

|
\

RECEIVER

COMARESSON Ol CONVTAINVER

Fig 3-18. Adding oil to the compressor, vacuum method,



A=5, METHODS OF MAKING A JOINT

a. General, As an alreccaditioning mechanic, you will have to be able to solder and braze joints,
These j-(_)”i.n-tg.n{ust be gastight to prevent leakage of refrigerant or loss of pressure, To make these
juints, you will be using the solder and brazing kit and associated materials found in the expend-
able supplies kit (solder, solder and brazing flux, and acetylene). There are two tvpes of ,
solder joints: soft solder joints and hard solder or brazed joints. The difference in the joints

is determined by the degree of temperature and the stress that the individual joint must with-
stand. Joints that are under little or no stress and are required to withstand temperatures not
exceeding 250° F can be soft-soldered, Other joints will be hard-soldered or brazed. When
making joints of any type, you must remember that they have to be strong anc leakproof. This

is especiaily important when working with solder because you can't take a wrench and tighten

a solder joint, There are six things to remember when making a solder connection: :

@® The joint must fit properly and have the right clearance.
The surfaces that are to be connected must be thoroughly cleaned.
Flux must be applied evenly over the connecting surfaces.

The joints must be nroperly assembled and supported.

The joint and connection mast be uniformly heated and the bonding material properly
applied,

@® Once the connection is completed, it must be cleaned.

b. Soldering. In most cases you will be dealing with joints that must withstand temperatures
of less than 250° F and that will be under little or no stress; therefore, you will be making soft
solder joints.  Also, you will be dealing with tubing of less than 1 inch in diameter. First, the
tubing must be squarely cut. To do this, you should use a tubing cutter. However, if a cutter is
not available, 'you can-use a hacksaw if a miter box is available to insure a square cut, Next,
thoroushly clean the ends of tubing, both inside and out. You can use 00 sand paper, CO stcel
wool, ¢rogus cloth, or emery paper for cleaning the tubing ends. Make sure that you wipe the
¢leane:d surfaces off with a lint-free cloth. Now apply a noncorrosive flux or soldering paste,
insuring that the surfaces are thoroughly covered. The flux or paste prevents oxidation which
would cause the joint to be weak or to leak, Then, assemble the joint, Now select one of the small
tips from vour brazing and soldering kit and prepare to h:at the joint, .leat must be applied
svenlv over the eatire join® area. When th» join' is hot enough, touch the solder to the metal
surface and allow it to run into the join'. Do not m~lt the solder with the flame from the torch.
Allow the joint to becom= hot enough to meclt the solder and run into the joini. Oaze the joint is
completely soldered (the joint is completed when a thin linz of solder appears at the top of the
joant), allow it to conl and barden. Do not cool a soldered connection by any means other than
natt al cooling. Then, clean the inint to remove excess solder and flux. [t is not necessary to
use a lot of solder: only use what s necessary to seal the joint and make it gastight,

. Hard soldering and brazing, The terms hard soldering an‘i brazing are often ised .nler-
changeably:; however, there is a difference. Brazing requires heating of the metal surfaces to a
te mperature above their melting point and allowing the metal to fuse together with the use of a
brazing rod. Brazing flux is used to prevent oxidation and weakening of the joint.

Note; C'ritical point and composition of the metal must be known, and an experienced
supervisor should be on hand whenever brazing is attempted,

Hard soldering requires the use of silver alloy solder which has a high melting point. Hard
solderimg techniques are much the same as those used for soft solder ng, however, hard solder-
ing requires more heat, To get more heat to the joint areas, you would use a medium tip or maybe
even the large tip, depending on the size of the joint and the amount of heat required. When making
a hard solder joint, vou still mugt cut it squarely, properly clean it, sroperly put it together, and
pply flux The joint is then evenly heated to the metal's melting po.nt and the silver solder
applicd as vou would when using soft solder. Once the joint is completed, it must also be

cleaned,  figure 3-148 shows the proper sequence for soldering and brazing,

71



(13

C'ut the tubing ends squarely, " Polish the tubing ends.

(<) (D)

Clean both the fitting and the tubing, Apply a noncorrosive flux.

® , _ 15

Position the fitting squarely on Uniformly heat both the fitting
the tubing. and the tubing. .

(G) [§30)

Allow the solder or hrazing Clean the completed joint and then
material to run into the joint until move on to the next connectton,
a fine line appears between the
joint and the tubing,

L

Fig 3-19. Scyuence for making u soldered or brazed joint.

3-6. TROUBLESHOOTING

Troubleshooting is being able to discover what is wrong with a unit or system and to determine
what to do to fix it. Tables 3-1 and 3-2 are troubleshooting charts which are goenerally applicable
to all tvpes of air conditioners. These charts will list a complaint followed by one or more causes
and the possible remedy. Although these charts apply to most air conditioners, manufacturers in-
clude more dotailed and specific information in publications (TMs, operating manuals, ete.) per=
taming to their nmts, '
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Table 3-1. Troubleshooting Chart tor Air Conditioners with Open~type Compressor

Complaint Cause Possible remedy
a. 1. Powcr failure. 1. Check circuit for power source,

Flectrie motor will not
start, :

2. Compressor 2. Locate cause and repair.
stuck.

. 3. Belt is too tight, 3. Adjust the belt tension,

4. Manual reset in 4. ind cause of the overloasdt and
starter is open, repair it. Reset overload cutout.

5. Thermostat is 5. Lowe - e setting,
set too high,

6. Low voltage. ti. Check out with voltmeter then
call base maintenance or an
electirician,

7. Burned-out motor., 7. Repair or replace motor,

8. Frozen compres- 8. Remove and repair the com-

sor caused by a pressor,
focked or damag-
ed mechanism.

b. Unit cycles on and off. 1. Intermittent 1. Tighten connections or replace
power inter- defective power supplv parts.
ruption,

2, High-pressure 2.  Replace high-pressure cutout,
cutout is de-
fective,

3. High-pressure 3. Raise the cutout pressure,
cutout is set Check the voltage and current
too low. Over- being drawn,

Inad opens once
it has been reset.

4, l.cuakyv liquid line 4, Repair or replace,

solenoid valve.
5. Dirty or iced 5. Clean or defrost the evaporator,
evaporator, Check the filters and fan drive,
6. Overcharge of i.  Remove any excess refrigerant
refrigerant or or purge system of nonconden=
noncondensible sible gas,
gas.

7. Leak of refrig- 7. Locate and repair leak then
erant, recharge the system,

8. Restricted 8. Clean or replace the strainer,

3-23
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Tuble 3-1, Troubleshooting Chart for Air Conditioners with Open-type Compressor--contd

Complaint

Cause

PPossible remedy

b, Unit cycles on and off, =-contd

9,

Faulty motor,

Repair or replace the motor,

. Coil frosts, 1. Dirty filters, 1. Clean or replace filters,

2, Not enough air 2, Clean out or remove any
circulating over restrictions from the supply
the coil, or return air ducfs or grilles,

3. Defective ex- 3. Replace the valve,
pansion valve,

i, The unit runs but 1, The unit is not 1. Recharge slightly, then locate
will not coolt, fully charged. aid repair any leaks, Then
recharge the unit,

2, Leaky suctionor 2. Remove the compressor
discharge valve, c¢ylinder head and clean or

replace the valve plate,

3. Kxpansion valve 3. Adjust the expansion valve,
is improperly set,

4. Strainer is clog- 4, Remove, cléan, and replace
ged, the strainer,

5. Air in the refrig- 5, Purge air from the unit,
erant,

6, Moisture in the 6. Clean the valve orifice and
expansion valve install silica<gel dryer,
orifice,

7. Flash gas in V. Add refrigerant,
liquid line,

. No air blowing from 1, Ive or dirt on the 1. Clean the coil or defrost,
the supply grille, evaporator,

2, The Llower belt is 2, Adjust tension or replace the
broken or loosce, belt,

3. Blower bearing is 3. Free or replace bearing,
frozen,

f. Discharge pressure 1. Condenser is not 1. Correct the airflow,
is ton high, operating properly,

2. Air in the system, 2, Purge,
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Table 3-1, Troubleshooting Chart for Air Conditioners with Open-type Compressor=-contd

S——

Complaint Cause Possible remedy
f. Discharge pressure 3. Overcharge of 3. Remove excess or purde the
i too high,=-=cont’'d refrigerant. system,
g, Dischuarge pressure 1. Lack of refrigerant, 1, Lovate and repair leak, Charge,
18 too low,

2. Broken or leeky 2, Remove the head, locate and re-
compressor dis= place any valves that are oper-
charge valves, ating improperly,

h. Suction pressure is 1. Overfeeding of the 1, Regulate the expangion valve's
too high, expansion valve, superheat setting, Check to
see thal the remote hulb is
properly attached to the suction
line,

2. Expansion valve 1s 2, Repa:r or replace the valve,
stuck open,

3. Broken suctica 3. Remove the head, locate and
valve .1 the com=- reploee any valves that are
pressor, operating improperly.

i, System pressure is 1. Lack of refrigerant, 1, Locate and repair leak. Charge,
too tow,

2,,Clogged liquid line 2, Clean or replace,
strainer,

3. Expansion valve 3. Replace the valve's }mw(-r
power element has element,
1ngt its charge,

4, Obstructed expan- 4, Clean valve, Replace if neces-
sion valve, sary.

5. Control thermostat 5, Repair thermostat, Replice

contacts are steck
in closed position,

if necessary,
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Tuble 3=2, Troubleshooting Chart

for Air Conditioners with Hermetic Compressor

Complain

Cause

Possible remedy

a. Compressor runs
continuously;
good refrigeration
effect,

1. Air over the

condenser is
restricted.

Remove the restriction or
increase the air circulation,

b, Compressor runs
continuously; unit
is too cold,

1, The mostatic

switch contaces
ar« badly burned,

2. Thermostatic

switch bulb has
become loose.

3. Thermostatic

switch is im-
properly ad-
justed,

Jeplace the thermostatic
switch,

Secure the bulb in place.

Readjust co: ectly,

¢, Compressor runs
cantinaously; little
roefrigeration effect,

1. Extremely dirty

condenser,

2, Mo air circula-

ting over the
condense .,

3. Ambient temper-

ature is too high,

4, [.oad is too great,

Clean the condenser,

Provide proper air circulation,

Provide ventilatizn or move unit
to a cooler location.

Analyze the load and make appro=
priate changes,

d. Compressor runs
contimmustiv: no
retfrigeration effect,

1. A restriction pre-

venting th refrig-
erant from enter-
ing the evaporator,
(A restriction is
usually indicated by
a slight refrigerant
effect at the point
of restriciion,)

2. Compressor not

pumping, This
would be indicated
bv a cool discharge
ine and a hot com-
pressor housing,
‘1he wattage is gens-
crally low,

Locate the possible points of
restriction, and try jarring
with a plastic hammer, or
heating to a temperature of
about 110° ¥, If the restriction
dues not open, replace the unit,

Replac e the unit,

3, Short of refrigerant, 3, Check manufacturer's instructions

and add refrigerant,

ERIC
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Table 5-2, T.oubleshooting Chart for Air Conditioners with Hermetic Compressor =--contd

Comnlaint

" Cause

Posgsible remedy

e. Compressor short
cycles; poor refrig-
erating effect

1,

2.

3.

Loose electrical
connections,

Defective ther-

mostatic switch.
Defective motor
starter,

Air restricted at
the evaporator.

Locate and tighten loose con-
nections.

Replace the thermostatic switch,
Replace the motor starter or

relay.

Remove the restriction,

f, Compressor short
cycles; no refrig-
erating cffect.

‘Dirty condenser,

. Ambient tem-

pérature is tno
high.

Defective wiring.

. Thermostatic

switch is operating
erratically.

Relay erratic.

Clean the condenser,

Provide ventilation or move the
unit to a cooler location.
Repair or replace the wiring.

Replace thermostatic switch.

Replace tﬁe relay.

g, Compressor runs
too frequently,

Poor air circu-
lation around the
condenser,

Ambient tem=
perature too high.

Load too great.
Worn compressor.
Generally accom-
panied by rattles
and knocks.

Lacrease ine air circulation.

If possible, increase ventilation
or move unit to a cooler location,

Analyze load. Replace unit.

h., Compressor does
not run.

Motor is not oper-
ating.

If trouble is outside sealed

unit, it should be corrected;
i.e.,wires, switches, and
relays repaired or replaced.

If the trouble is inside the seal-
ed unit, replace the unit.
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Table 32, Troubleghooting Chart for Air Conditione. - with Hermetic Compressor=-=contd

Cause

(Tompluhint Possible remedy

i. Compressor will 1. If the cabinet has 1. Wait about an hour and then

not run (assume
here that the
thermostatic switch
and relay, eclectric
wiring, and current
supply are in good
condition and oper-
ating properly),

been moved, some
oil may be on top
of the piston,

Compressor may
be st *k, or some
internal parts

‘broken.

Connections
hroken internally,
or motor windings
may be open,

Piston stuck in
cylinder due to
long period of
standing idle,

attempt to start the motor by turn-
ing the current on and off several
times., With some compressors,
it may be necessary to wait 6 to 8
hours,

Replace the unit.

Replace unit,

May be possible to start the
compressor by turning on cur-
rent and tapping the outer
housing with a rubber mallet.

effect when start-

ing after a long shut-

down or upon
delivery,

a long shutdown,
an amount of liquid
refrigerant will
get into the crank-
case of the com-
pressor, When
this oceurs, the
COMpPressor opers
ation will cause no
refrigerating cffect
until after all the
liquid refrigerant
has evaporated
from the crankcase,

j. Compressor is 1. Dirty condenser, 1, Clean the condenser.
unusually hot, '

2. Lack of air circu= 2, Increase air.circulation,

) lation,
3. Unusually heavy 3, If possible decrease the load,
service or load, Perhaps another unit is re-
quired,

4, Low voltage. 4, Check unit's wiring, Wires may
be too small, Hot wires indicate
they are too small for the load
and should be replaced with larger
ones, If wires are okay, call an
electrician and have power source
checked,

5.. A shortage of oil. 5. Add oil if possible; if not pussible,
replace the unit,

k. No refrigerating 1. Generally, during 1, Allow compressor to operate

until its internal heat drives

all the liquid from the crankcase,
Under some conditions this may
take as long as 24 hours,
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Table 3-2. Troubleshooting Chart for Air Conditioners with Hermetic Compressor--contd

Complaint

Cause

Possible remedy

a

the receiver or con-
denser and/or the
evaporator,

. 1. Noisy compressor, 1, Mountings have be- 1. Replace the rubber mountings,
come worn or de= ' ’
teriorated, |

2, Unit is placed near 2, Place sound-absofrbing material
a wall of an extreme= on wall, or move the unit to a
ly hard surface which different location,
greatly amplifies any
slightest noise,
3. Shortage of oil and/ 3. If possible, add oil and refrig-
‘or refrigerant, erant. If not possible, replace
the unit,
4, The sealed unit 4, Replace the unit,
mechanism has
become worn,
L]
After each defrost- 1, Slight shortage of 1. Replace refrigerant if possible;
ing there is a long refrigerant, if not, replace the unit,
on cycle before the
refrigerating effect 2. Dirty condenser. 2, Clean the condenser,
1s again normal, o
3, Thermostatic switch 3. Secure the bulb in place,
bulb is loose,
4, Restriction between 4, Attempt to remove the restriction

by jarring with a plastic hammer,
or by heating to about 110° ¥,

If this does not correct the
problem, unit will have to be
replaced or brought to the

shop for repairs,

3-29 79



Q

ERIC

Aruitoxt provided by Eic:

3-7, REPAIR AND REPLACEMENT OF MAJOR COMPONENTS

a, General, Vo msure long and satisfactory operation of air-conditioning units and systems,
there are additional tests and maintenance procedures necessary to determine whether to repair
or replace a major component of a unit or system,  These components are compressors, cons-
densers, motors, metering devices, evaporators, and controls, We will disceuss general pro-
cedures thal are necessary to determine proper operation of these components,

b, Motor service, Motors are usually quite rugged and reliable, Thercfore, motor main-
tenance is usually simple, Major motor repairs, such as rewinding, are not attempted at your
level of maintenance, As far as you are concerned, motor care will consist mainly »f lubrication,
eleaning, and seeing that the motor is not abused, You may experience problems with bearings,
dirt and grease, and, in the case of ope 1 motor fcompressors, belts,

(1) Bearings., The most common causes of bearing trouble are improper alinement during

installation and inadequate lubrication. If a bearing gives you trouble, it must be re-
placed, Bearings should not be removed unnecessarily because they are easily damaged.
Normally, to remove a bhall bearing, the end bells of the motor are removed and the
rotor, shaft, and bearing assembly are removed from the motor, If the bearing housing
has a removable outer cap, it is sometimes possible to remove the bearings without
removing the end bells, When removing a ball bearing from the shaft, you should exert
pressure only on the inner race (fig 3-20), If this is not possible, pressure on the outer
race must be evenly distributed over the entire race, Pressure should be applied
steadily and parallel to the shaft, Before removing a sleeve bearing, an air gap
measurement is normally made to determine the amount of wear and {o see {if the
bearing is out-of-round. Small sleeve bearings may be carefully tapped out, bhut
bearing pullers are usually required to remove the larger size sleeve-type bearings,
HBearings are replaced by applying steady, cven pressure or by tapping lightly.

13all bearings must not be forced onto a shaft that is too large or badly worn, (Grease
retainers and oil slingers must be in place, Dirt and for»ign matter must be kept

out of bearing recesses as they will scar the surfaces and cause the races of ball
bearings to become distorted, If a ruce is distorted, the balls will get out-of-round

and cause an excessive friction load on the motor. After installation, bearings

should be rotated by hand to see that they roll freely and without noise, Protective
covers must be in place and be tight to prevent dirt and moisture from entering

the bearing housing,

Fig 3-20. Single~-row radial ball bearings.

(2) Cleaning,  Fxcept for totally enclosed motors such as those in hermetic units, dirt,
dust, and grease will accurmulate inside a motor during long periods of use,  When-
cver a motor is dismantied, vou should clean v thoroughly,  Only Tluids of good
dielectric quality should be used,  There are several (luids approved for motor clean-

1y,

(3) belts, Belts will be found on units that employ an open=type motor/compressor,  In’
order 1o obtain long and satisfactory use from V-belts, the motor pulley and flywheel
must be in exact alinement and the belts under proper tension,  Both the motor and the
compressor must be securciy mounted on the base,  An improperly adjusted belt will
canse sHppage, excessive wear, and deterioration=-often to the point of burning, A
correcth adjusted belt can be depressed 1/2 1o 3/4 mch by the pressure of one Ginger
at o point ndway between the motor pulley and the flvwheel,  You can adjust the 1o Its
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by moving the adjustable motor rails or by adjusting the belt-tightening a('»-it:v-. When
replacement of Gne belt of a multiple V-belt drive is necessary, a complete new se?

of matched belts should be installed,  Belts streteh considerably during the first few
hours of operation, If you were to replace a single belt, the load balance would become
npset between the old and new belts causing the load to be unbalanced,  Belts, motor
pulleys, and flywheels should be kept free of oil and grease and kept dry at all times.

¢. Compressor testing and servicing, Common troubles with compressors are: leaks at the
suction or discharge valves, leaks at the gaskets, and leaks past the piston and piston rings,
These leaks may cause such malfunctions as: (1) A sudden decrease of refrigerating uhilit);,
(2) a gradual decrease of refrigerating ability, or (2) an inability to produce or maintain the
necessary low=side pressures or vacuums which would cause the compressor to either run
continuously or too long during ecach cycle, .

(1) Compressor tests, Before you tear into » compressor you mist be sure that the trouble
15 in the compressor and not in another part of the system. Below are the procedures
for testing for compressor leaks at valves, pistons, or gaskets, -

Step 1. Connect a campound gage to the suction service valve and 4 pressure gage to
the discharge service valve, :

step 4, (preliminary pump=-down), Start the "i'()mpr('ssur‘ and partly close the suction
service valve, This must bhe done carefully so that the vacuum is reduced to 20 to 25
inches of mercury in not less than 10 minutes, (You will have to constantly adjust the
suction service valve and Keep your eye on the compound gage and the clock.) By slowly
reducing the low-side pressure, you prevent rapid separation of the refrigerant from
the crankease oil and excess 6il from getting on the compressor valves which may make
them temporarily free of leaks, [If vou cannot obtain a vacuum of more than 10 or 15
inches of mercury, or if it takes a long time (15 min or longer) to get the vacuum down
to 20 or more inches of mercury, indications are that the suction service valve or com-
pressor valves are leaky, 7

Step 3. Stop the compressor, open the suction service valve all the way, and wait for
0 psig low=side pressure to build up, To speed up the pressure buildup, you can open
the cabinet doors or warm the evaporators with warm rags or water,

Step 4. Start the compressor again, Close the suction service valve and wait for a max-
imum vacuum to build up. A#tsoon as maximum vacuum is obtained, stop the compressor
Maximum vacuum should be reached in 30 seconds or less, This vacuum should remain
almost without change for as long as 5 minutes, If the vacuum does not hold, it indicates
cither leaky valves or leaks past the pistont or piston rings. This could also indicate a
leaky head gasket,

Note: You should not attempt the test for maintaining 'a vacuum until after preliminary
pun:p=down (step 2) because so much refrigerant may be released frron. the
crankcase oil that the gage pressure could be raised even with the suctien
service valve closed,

Step 5. Open the suction service valve, Wait for the vacuum to decrease. Then close

the discharge service valve,

Step 6, Using the flywheel, turn the compressor over slowly by hand until the pressurc
dage reaches 125 10 150 psig, I the pressure rises slowly, or rises and falls, op does
not rise hiph enough, it would indicate that: the discharge velve is leaking, there are

leaks part thee piston or piston rings, or the head gasket is leaking.,

If the pressure drops rapidly after the compressor has been stopped, the same faults listed
dahove are osndicated, I there are no leaks, the head pressure will inerease fo a certain point
(hetween 125 to 150 psig) anu remaimn constant,  After observations hawe been made and you are
Catialied as to what is or is not weong, the high pressure should be relieveda,

Q
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(2) Scrvicing, When servicing the compressor, you should remove only the parts necessary
to make repairs, Before reassembling the compressor, inspect any other parts which
have become ace. dible,  All parts should be carefully cleaned with an approved clean-
ing fluid and allc .ed to dry in air, When you disassemble a compressor, be very care-
ful not to scratch or mar gasket sealing surfaces, New gaskets of the correct material
and thickness must be installed when you reassemble a compressor, When you 2re dis-
assembling a compressor, all parts should be clearly marked so that they may be replaced
in their original positions, Clean lubricant should be applied to all bearing and rubbing
surfaces of parts that are being installed, The compressor crankcase should be drained,
cleaned, and filled with fresh oil,

{
(3) Servicing compressor valves, Once tests have shown a decided possibility of valve trouble,
the valve plate will become accessible by removing the cylinder head, Check the staling
surfaces to insure that there are no dirt particles or foreign matter on them that would
cause the valves to leak, Also check to see that the sealing surfaces are not scarred or
marrcd as this will also cause leaking, If the valves are defective in any way, it is ad-
visable to replace the entire assembly, Usually, if valve operation ig faulty, the valve
seats as well as the valves are damaged., Broken valves will usually cause scratches in
the valve plate seat. If a broken valve is discovered, every piece must be accounted for,

It any piece is left in the coinpressor, damage to the piston, piston rings, cylinders, or

bearings may result., New valves should not be used in olu or damaged seats unless seats

arc pu! in perfeci condition, This is done by lapping which should not be used unless you
have the proper tools and are qualifigd to do the job, A machinist or an experienced

- automotive mechanijc will usually do the job for you. However, in case of emergency you

may do it if you have the proper tools and lapping compound of the right grit (lapping
compound {4 found in your expendable supplies toolkit), After lapping, the parts should

be washed in an approved cleaning solvent and dried, They then should be coated with -

0il to protect them against fingerprints and moisture until they are to be put back into the
compressor.  Once you have the valve plate reassembled and put back into the compressor,
all sealing surfaces cleaned, and new gaskets installed, put the head back on,  All head
bolts should be turned down snugly, but not tightly. Then tighten all head bolts to the
proper torque, starting with the center bolt and working outward. Clean the gseating
surfaces for service valves and install new gaskets, Then bolt both service valves in
place, ' ‘

(4) Servicing the crankshaft seal, As a rule, you will encounter only a couple of troubles
with the crankshaft seals: a-;quvaky noise caused by a dry seal, and a leaky seal caused
by a scored seal surface. A noisy seal left uncorrected will soon become leaky, Air
that enters a system because of a leaky seal is indicated by high condensing pressures.
Testing with a halide torch for shaft seal leaks can often be misleading because the nor-
mallv small amount of oil that leaks through the seal will have traces of refrigerant in it
and the halide torch will pick them up. The best method for testing for shaft seal leaks
is to use a sogp solution. To use this method, you first must raise the low=side pressure,
then apply the soap solution as you would when testing for refrigerant leaks. These seals
should be capable of holding the highest va. um possible (approximately 30 inches of
mereury) for many hours, JIf a shaft seal is found to be defective it should be replaced,
The tolerances and surface finish of these seals are very critical, To remove the seal,
the compressor is pumped down and the low=side pressure balanced, The drive belts are
removed and then the flvwheel is removed,  If the seal cover does not extend below the oil
level in the crankease, vou can remove the seal without draining the oil; if it does, you
must drain the erankcuse,  The seal parts are taken out'next (you must mark vaal parts
su that they can be correctly replaced).  Frequently, seal parts are attached to a flange
that must be carefully pried out, N

Note: It you have a bad leal aind suspoet the seal is broken, do not pump down the compressor
because air and moisture will be drawn into the system, In this case, close the
service valves, relieve the internal pressure, drain the oil, and leave the drain open,
Then procecd as before, All parts are cleaned and the sealing surfaces lapped to each
other,  sone seals use a molded svathetic rubber gasket instead of metal-to=mietal
contact., When a new seal is installed, all parts are coated with clean oil and special.
care is exercised in alining and replacing the unit, If the seal is to function efficiently,
A ceritical spring tension noust be maintained on the sealing surfaces, Always cons..it
vour TA's and manufacturer’s instructions before you start to repair a compressor,
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(5) Servicing other compressor components, Pistons, pins, rods, bearings, crankshafts,
cylinders, block, eted in compressors will seldom become damaged or give you trouble
unless they are abused. A refrigerating compressor is seldom subject to a wide vari-
atlon of loads and pressures, It is used to pump gdean, cool refrigerant gas at a con-
stant head pressure, Therefore, the component parts of a refrigerating compressor
will usually give long and trouble-free service. Any work that must be done on component
parts (other than valves and shaft seals) is done by methods similar to those nsed in worke-
ing on an automotive engine. If you have to work on a compressor, remember to keep all
parts perfectly clean and free from moisture, Also, carefully mark zll parts so that they
can be properly reassembled. After repairs are complete, the comproessor should be
tested, Air must be purged from the compressor and oil replaced in the ¢rankease, Run
lite compiessui’ forr about an hour to make sure that pistoens and bearings are free, You
ca test the compressor for .eaks by vsing a couple of spare service valves. Admit com-
, ~essed air (about 40 psi) through the valve ports with the valves closed. Air admitted
through the discharge valve will 1. ak past d-fective discharge valves, Air admitted throveh
the suction valve will leak through a bad shaft seal, A soap solution should be used when
you perform these tests,

. Hermetic compressor test ana replacement, Alihough a hermetic compressor is relatively
trouble free, there will be 1. - when testing and possible replacement will be ecessary.
Pistons will hang up or becuaw Jrozen, valves will erack or break, and internal motor circuits
will develop sho' ' or opens, Because these internal problems will necesgitate the replace ment
of the unit, it i, i+ perative that you are sure that the problems are internal and are not caused by
external failur 's such as probleme with the control circuits, switches, and external wiring.

(1) Compr 'ssor-motor test, A rather simple test hookup that can be put together in your

shop and used to checic a compressor motor (.apacitor start/induction run or capacitor
start/capacitor run) is shown in figure 3-21, It consists of a starting capacitc  a rur-
ning capacitor and a simple switch, To use this test hookup, you must first rc..iove all
wires from the compressor terminals. (Be sure thet you tag each wire to insure that they
can be correctly reconnected, ) Then connect the hookup to the starting, running, and com-
mon terminals as shown in the figure, Now pl . the test circuit into the power supply and
immediately close the switeh for 1 to 2 seconds (holding the switch closed for a long period
of time may result in the starting winding being burned out) then opeu the switch. The com-
nresscr motor should continue to run if it is not defective, If the compressor motor does not
run then the compressor unit must be renlaced. '

STARTING CAPACITOR (LIPS

|
b PUSHBUTTON
TQ "S- COMPRESSOK =,
o -

TO VRY - (OMPRESSOR

T -

M2 ARG INSULATED WIRE S i~
O "0 - COMPRESS R ) T
> —— {

ALVIGATOR GLIPS

L J SOCAET
L"%

FUSETRON (20 AMP)

Big 3-21,  Hermetic motor running test,
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(2)

(1)

(4)

Symptoms of defective valves, If the comoressor valves of a hermetic compressor are
broken or eraeked, little or no cooling will occur in the evaporator and little or no heat-
ing of the condenser. Once the unit is started the wattage will drop to an abnormally low
reading, The pump will need no balance time after it is stopped. Little or no capillary
feed noise will be heard,

Symptoms of an overcharge of oil, Noticeable signs of an oil overcharge are: excessive
compressor noige and vibration, low capacity, and continuous nigh wattage. To remedy
this situation, the compressor will have to be changed.

Replacing hermetic compressor, Defective hermetic units should be replaced with: new

o factory rebuilt ones. When replacing hermetic units, it should be remembered that
electric wiring, thermostatic switches, relays, and motor starter are not considered

parts of the sealed unit and therefore must be removed from the old unit and remounted

on the new one, Because a sealed compressor operates at higher speeds than an open type,
the valves, pistons, and valve orifices are much smaller than in an open type. Consequently,
great care must be exercised when installing a sealed unit to insure that any foreign matter
is_kept from entering the sealed unit when it is open during installation. The following
procedure is used tc remove and replace a sealed unit,

12

(a) Using a pair of side-cutting pliers, cut the discharge line in two, allo.ving the unit
charge to escape into the air. A cloth should be placed over this cut section to prevent
the possibility »f oil being blown around,

Note: If the escaping refrigerant has a burned odor, it indicates a shorted stator
}ﬁd the condenser and evaporator should also be replaced.

(b) While the gac 1s escaping, emove the compressor terminal cover and the relay bracket
mounting screw.,

(¢) Remove the electrical leads from the compressor terminals (if not previously removed
during diagnesis), Lift away this electrical assembly, Tag the electrical leads for
reference w' »n reconnecting them, :

() Remove the compressor holddown bolts,

(¢) Cut the suction line near the compressor with your side=-cutting pliers. Again, place a
rag over the cut to catch any oil that may escape,

{f) Lift the old unit off the base. Pinch the discharge and suction tube several times with
your side=-cutters and then bend the tube ends over, This will prevent any cil loss anil
keep foreign matter out of the compressor,

1) Check the *abing on the new compressor and on the unit to determine where it shonld be
cut, Thes  witha tubing catter, cut all tube ends, Leave about two inches of straight

tubing so wnat fitling s can be installed,

(1) Transfer the rubber mount grommets or vibration isolators from the old compressor
to the new one and lift the new compressor into place on the unit's base,

Notle: T robber gromumets or vibration isolators are defective in any way theyv must

be replaced,
(1) Assemble the proper fittings on the tube ends.,

(1)) Install a tee assembly in the suction line. Insure that the leg of the tee is pointing in
such a direction that a flare nut can be connected later for recharging.

(k) Install a tee assembly i the discharge line.  Insure that the cap seal and bonnet are tight
(1) Reassemble the electrical connections and the compressor mounting washers and nuts,

{m) Atter insuring that all cornections are properly made and are tight, check the unit for
leaks.
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Condensger repair and service,  In an air-conditioning system, the job of a condenser 1s to

remove the heut that is absorbed by the refrigerant, The refrigerant absorbs heat from the evip=
orator and absorbs more heat that 1s caused by friction in the suction line and the compressor, The
condenser must he able to efficiently and cont ually remove all this heat, In order for the condenser
to perform properly, it must be kepu clean betk nside and out, and repairs made when necessary

There are two general types of condensers: air -cooled and water-cooled,

Q
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(1) Cleaning and repairing air-cooled condensers, Dirt and dust either in or passing through

an air-cooled condenser will stick o the outside surfaces, The accumulation of this dirt
and dust cuts down the condenser's efficiency by reducing the rate of heat transfer.  This,
in turn, atlows temperatures within the condenser to become too high, causing the oil to
carbonize,  This carbonized il sticks o the internal surface of the condenser and cuuses

a further reduction in efficiency. If a condenser is very dirty on the outside, it will be al-
most as bad on the inside. To return a condenser to its proper efficiency, it must be c¢lean-
ed both inside and out,  Dirty outside surfaces may be cleaned with ordinary brushes and
mild soap solutions. However, in such places as bakery shops and meat ppecessing

rooms, particles of grease, sugar, and flour along with dirt and dust will build up on the
condenser.  An alkaline solution will have to be used to dissolve and remove these deposits.,
(A good remover may be made by mixing 1/2 1b of trisodium phosphate in-1 gallon of water. )
It the condenser has carbon deposits on the inside, you should replace the condenser and
possibly the metering device,

(a) Leaks, When a condenser develops a leak it is usually better to replace it rather than
to repair it, Soldering a leak in a condenser will usually cause another leak because
of the expanding ard coniracting of the metals due to heating and cooling., However, if
you do decide to attempt repair, you must remove the condenser fr- ». the system. You
will have to pump down the unit and drain the refrigerant.

(b) Brackets, holders, hangers, and frames., These items should be permanently soldered,
friction=fitted, or bolted in place, Loose frames or brackets could rub holes in a con-
denser, If the condenser is allowed to vibrate, the vibration could cause discharge lines
to break, Always check these items and insure that they are properly and securely in
place, .

(¢) Discharge lines. Discharge lines murt be large enough to carry the heat-laden gases
from the head of the compressor to the condenser, They must be arranged so that any
liquid that might condense in them cannot flow back into the compressor head, To do
this, form the tubing into a U-shape right after it leaves the compressor with the bottom
of the U extending below the level of the compressor head, Because the hottest gas in a
refrigeration: system is carried in the dischasge line, these lines are subject to greater
carbonization than the condenser. Also the gas is at its highest velocity in the (lischarge
line. This high velocity tends to wear out the tubing, It is good practice to replace the
discharge line whenever you overhaul the condenser,

(d) Condenser-to-receiver line, This line carries liquid refrigerant under high vressure
from the condens. r to the receiver, Since this line carries the same amount of liouid
as the liquid line, it should be the same size., Only in extreme cases will the e o ver
line become coated with carbon -leposits,  This line still should be cleaned ot ke q=
ever you clean the condenser, If you have any doubt as to its capacity or struc tural
strength, you can replace it easily when the condenser is being overhauled,

(2) Servicing and repairing water=cooled condensers.  Water=cooled condensers consist of

the shell=tube, the double-pipe. and the 'é;-)i—r-"al?ypvs. These condensers can be made of
iron pipe, steel pipe, or coppe r tubing, There are two methods of cles.aing shell-and-
tube=type and double ~pipe=type condensers., The best way is with special brushes and
rods (similar to ones you use for cleaning your rifle, only larger) previded by the manu-
facturer. These brushes are graduated in size, You should start with the smaller sizes
and work up until you reach the size of the inside diameter of the pipe or tube that you are
cleaning.  You should not use excessive foree to push the brush through the nipe o- tube,
The casiest way is to put the brush and rod into a large, low speed drill and let it go
slowly through the pipe or tubing. If vou force the brushes you may scar or seriously
weaken the walls of the pipe or tube, The other metbod of ¢leamng 1s with a strong
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caustic. soda or a mild muriatic solution, However, when you use this method, you must
run tests of the solution to be used on another tube of the same material to insure that

the solution 18 not too strong, 1f the solution is too strong, it will attack and weaken e
material used in the construction of the condenser. Just about the only way to clean the
spiral-type condensers is with caustic soda or muriatic acid solutions, If the tubes of
these condensers become weak or develop leaks, it is best to replace ‘them or, in the case
of a double=pipe type, the entire condenser, Sometimes it is possible to blow out condenser
tubes that have scale deposit built up around connections and fittings. Compressed air

or carbon dioxide of less than 100 psi can be used to do this, Probably the biggest problem
you will have with water-cooled condensers is with the water system controls, The most
common trouble is incorrect water flow, This can be caused by faulty water valves,
clogged scereens, improper adjustment, broken components, leakage, or stoppages. If
you ‘have problems with the water valve you can cither replace it, fix it, or adjust it.
Water system controls can usually be removed from the system without pumping down the
system., However, to clean or veplace condensers and condenser tubes, the condenser will
have to be pumped down and opened. ’

f. Wvaporator servicing and r(»p;ir. The evaporator itself very seldom causes any trouble,
Problemns with the evaporator can usually be corrected by adjusting, repairing, or replacing system
components and controls that directly atfect the refrigerant's action in the evaporator or those that
keep the evaporator free from excessive frost buildup, Those components and controls are the
metering device, defrost controls, and fans or blowers (if it is a forced convection=-type evaporator)..

‘Problems with the evaporator itself are usually caused by leaks due to corrosion or a puncture

because of abuse. If an evaporator becomes corroded, it is best to replace it. If a leak develops
throngh abuse, it can be soldered in all cases except when the evaporator is made of aluminum, If
an cvaporator is made of aluminum it can be repaired by using epoxy cement (follow directions for
individual brand used), If problems with evaporators do not result from leaks or corrosion and da
not result from inoperative syvstem components and controls, then it is stopped up from oil car-
bonization and should be replaced.

g. Service and adjustment of automatic controls, Exact procedures in adjusting the various
automatic coatrols used in differcent systems will va: , with each switch design. All we can do
here is give you some general rules for adjusting and servicing typical controls. (Always consult
TM's for the particular system before attempting service or adjusiment,) Cycling or motor
control switches start the compressor when temperature and low-side pressure rise to a pre-
determined lewve! and stop the compressor when tem erature and pressure fall to another level that
is determined by a range setting, It is a general rule that operating pressures or temperatures
are lowered by decreasing the spring tension of a control unit and raised by increasing the spring
tension, Some cycling control devices are provided with a differential adjustment that is used to
set the difference between the cut=in and cutout points.

(1) Typical pressure-type control adjustment. "The range and differential of a low-side
pressure control may be adjusted as follows:

(a) Attach a compound gage to the suction service valve.

(b) Set the range adjustment for the lowest pressuce 4 .he differential wdjistment for the
largest difference.

(¢) Start the con pressor and operate it until the compound gage shows the desired pressure
or vacuum for cut=in or star.ng the compressor in normal operation.

(1) Change the range adjustmoent until the control cuts out the :ompressor,

(¢) Move the range adjustment slowly in the opposite direction until the control cuts in the
compressor. This sets the cut=in point,

(f) Let the compressor run until the gage shows the pressure at which cutout is desired.
() Adiust the Gifferentizl - lowly until the control cuts out, This sets the cutout point,
(h) Let the system cpesate normally through at least otie complete cyciw. and on the next

cvele note the gage readings at which cutout and cut-in occur. It is possible that slight
adjust ments will have to be made.
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(2) Temperature control adjustment, ‘The procedure used to adjust a temperature or
thermaostatic type of cyeling control is very similar to that used to adjust a pressure
control, However, instead of using a compound gage, vou would-use a thermometer at
the plice where the temperature control sensing bulb is located, Remember that a
temperature control should always start the compresdsor when the sensing bulb is warmed
by hand, 1f it doesn't, the bulb and bellows have lost their gharge, Before attempting
any repairs or adjustments of a temperature-type cycling control, make sure that the
sensing bulh is properly mounted, Normally, with this type of control, the range is
adjusted before the differential is changed, Only in unusual cases will the differential
have to be changed on domestic units; however, on larger commercial units, the differ-
ential will sometimes have to be changed to accommodate different types of service,
Yeu should alno remicmber that when you adjusi this type of control, range adjustment
will affect the differential and vi~e versa, Once yvou have completed adjustments, and
huave observed temperatures and pressares and found them to be right, check that all
locking nuts or screws are tight, '

(3) Control switches,  Since the exact methords, pressures, and temperatures used in setting
automatic control devices differ depending on the characteristics and type of £~rvice of an
individnal em, only some general examples can ve given here, Consult TM's and
manutacturer's directions for detailed operation and repair of individual sysi m controls,

(a) High-pressure cutout swite. .. This type of switch is usually installed as a safety
deviece, The cutout is determin-d by the manufacturer and is stated in the ope rating
ingtructions, These switches will cut out at a certain pressure (when the noirmal operating
pressure 18 exceeded); when the pressure :lrops, they cut in aatomatically, »ut are
equipped with a reset button t' .t must be pushed manually, Sometimes this type of switch
is mounted in the same housuy as the suction=-pressure control switch,

(b) Suction-pressure control switches, These switches stop and start the compressor
according to the demand for refrigerant in the evaporator coil. The suction-pressure
¢ mntrol should be set at a suction pressure that correspond. to a terrnerature that is

_ a few degrees lower than the temperature to be maintaine? in the evaporator.

bl ) ¢
Fxample: If the evaporator was to maintain a temperatiire of 54° F and the refrigerant
is =12, the suction=-pressure control should be set betweer 31, 7 and 26, 8 psig, (The
pressure is found by consulting your refrigerant charts,)

() Thermostatic switches, Thermostatic switches contrnl solenoidd valves that feed the
liquid refrigerant to the evaporator, These controls open the soleroids at a predetermined
temperature and close them at a lower predetermined temperature, It is a good practice
to set che cut=in puint 2 Pahrenheit degrees higuer than what is requ«c=d,

SUMMARY

In this chapter you have learned the proper procedures for insalling an air-conditioning
svstem, You learned that before doing anything you must first visually inspect the unit for any
apparent damage or malfunction. Then you must insure that the unit is properly leveled, that the
unit has sufficient air circulation to enable it to function at its proper capaci y, that all electrical
connections Lre properly made, and that the retrigerant is released before tie unit ic ever start-
e, Then, once the unit is installed and operating, you nave secn what shou'd be done in the way
of preventive mainienance to keep the unit ¢ perating efficiently, Filters an: condenger fins must
he kept clean, periodhic lubrication must be accomplist.ed on schedule, and the evaporator must
he kept free of dirt and any excessive frost buildup.,

Voo have also covered he various methods of testing an air-conditioning system. When
testing for leaks it is possible to use one of several methods or a combination of methods, In
review, the methods are: pressure and vacuum test, secap or oil bubble test, and the halide
1« «<h, You mu 't remnember that the pressure and vacuum tests are nonpositive tests and will .
mcicate a leak but not where the teat is; whereas the halide torch, soap, and oil bubble test will
positively identify the exact location of ¢ leak, We also covered the various electrical instruments
used to wst units and *he proper methods of cornecting dhe instruments to the circuits and what
would be mndicated by readiags obtained from these tnsi~uments,
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Also covered-in this chapter were the installation and use of the bar gage manifold. We
have shown how they are used when performing tests, evacuation, pump-down, charging, and
removing or adding refrigeration oils, '

We algo covered the methods of making a joint and stressed the importance of making it
properly,  An improperly made joint in an air-conditior.ng system will seriously affect the proper
uperation of that system, ‘

Troubleshooting was covered to enable vou to properly identifv problems that commonly
oceur in most air-conditioning svstems, and to identify the proper remedies for these prublems,
Tronblochaating i« mast impartant, for without proper diagnosis it is nnlikelv that the proper
repalrs can be made,

Repair and replacement of the major components of an air-conditioning system were also
coversd,  We have discussed the proper methods of repairing or replacing all the components
of a system, from the compressor, condenser, and evaporator right through the service, adjust-
ment, or replacement of any of a system's automatic controls,

It is important to remember that whene ser you, as a mechanic, are working o any system
or unit, vou should consult the proper TM or manufacturer's repair manual tor that particular
unit or system,  Also when servicing a unit or system, take into consideraiion the job that must
be accomplishel by that system or unit, Insure that it is capable of the designated job before
attempting repars that may not help the unit or system to accomplish that job,
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_Chapter 4
COMMERCIAL AND TACTICAL AIR=CONDITIONING UNITS
Section I, COMMERCIAIL UNITS
4~l, WINDOW OR THROUGH=-THE-WALL, UNITS

a4, Description, These units mount in a window and are relatively easy to install, They
will fit into cither double=hung or cusement windows or they can be ingtalled in a hole cut in
the wall of the building, They usually operate with two separate airflows and the vetrigerant
is controlled by either a capillary tube or a bypass-type, automatic-expansion valve, The con-
trol switches are usually an integral part of the unit and are mounted on either the top, face,
or gides of the unit, Window units are air-cooled and operate on 120«v or 220-v single~-phase
circuits, They will vary in capacity from 4,000 to 40,000 Btu's per hour,

b, Installation, When a unit is installed in a window, metal plates, gaskets, sealing com-
pound, weather stripping, brackets, and braces will be necessary for proper installation, The
firat step’is to remove the unit from its housing or cabinet, It will slide out easily, Be careful
whan handling the unit and do not lift or carry it by any of its components other than the base,
Do not use tubing or coils as a handhold, Next, place the housing in the window opening and
secure it in place, Be sure that all braces and brackets are securely fastened, Next, the filler
board or metil plates must be put in position, Mak« sure the filler boards do not extend above
the top of the cabhinet, but are level with it so that the window will close flush on the cabinet
and filler boards, Check and make sure that the cabinet t''*s approximately 1/4' to the rear
so that the unit will drain properly., Make any adjustments before the unit is placed in the cab~
inet, Once the cabinet is securely in place, close the window flush with the top of the cabinet
and make any further necessary adjustment, Siide the unit into the cabinct and install control
knobs and front cover, The unit should slide into the cabinet freely, If it doesn't, do not forc.
it, because the cabinet has not been installed properly and it is not placed squarely in the win=
dow, ‘Ise a level to square up the cabinet installation, Once the entire unit is in the window,
check for any air gaps around the installation, They must be sealed with caulking or sealing
compound, If the unit is installed in a double~hung window, there will be an air gap between
the npper and lower sash, This space should be filled with a sponge-rubler strip, Whea in-
stalling a unit in a casement window, ''au use basically the same procedure, However, the
glags wi!l have to be removed from the window and the braces and fillers will have to be in-
stalled a tittle differently, Window units should be hooked up electrically on a separate circuit,
if possible, Once the unit is in the window and plugged in, it is ready for operation, I'igure
4-1 ghows a unit installed in a double=hung window; figure 4-2 sh. vs a unit installed in a case=~
ment window, Each manufacturer includes instructions for inst: 1ling his particular units,
F'ollow these instructions carefully as each manufacturer has diffrrent procedures for instal-
lation, although the basic principles arve the same,
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FILLER BOARD

INSIDE MOUNTING BRACE

MOUNT
ING BRACE WEATHER STRIPPING

AND SEALING COMPOUND,

Fig 4-1, Unit installed in dodble-hung window,

—

—= FILLER BOARD OR PLATE,

MOUNTING
SCREWS

lig 4-2. A‘r conditioner installed ir a casement window,

c. Operation, A window unit contains the basic refrigeration components, such as conden-
ser, evaporator, compressor, refrigerant metering device, liquid receiver, and fan, The
condenser is air-cooled, and che air is forced over it by a fan, The air is circuiated withia
the room by anather fan that blows the air over the evaporator coils and into the room, Mois *
ture that will condeuse on the evaporator coils from the humid air that is circulated over the
evaporator ¢oils, will be collected a' the base of the un.. and drain toward the back., Tne cou-
Aenser fan *rill pick up some of this moisture and use it .n light spray or mist to help ccal the
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condensger coils, The remaining moisture will drain out the rear of the unit, Window units use two
separate airflows, The air to cool the condenser is pulled in through the sides of the unit and

is blown over the condenser to digsipate the heat, Room r is pulled in over the evaporator

coils, cooled, and blown back into the room. Figure 4-3 is a schematic of these two separate
airflows

EVAPORATOR FAN MOTOR

wes )
A8

- /
nuTene o e
—_— |-~
ne
:"l I ‘l .
.
- g |
P | e J
YENTHATION AIR w=""1 O~
f Ve g .
ROOM AIR

1
VENTILATING DAMPER

Fig 4-3., Schematic of condenser and conditioned airf'ow,

d. Maintenance, Refrigerating components of a window unit are serviced and maintained
ag previously discussed in chapter 3, Filters should be checked on a monthly basis and should
be cleaned or replaced, depending on the type of filter, as necessary, Evaporator coil, con-
denser coil, fan blades and motors, and the cabinet should be cleaned and serviced just prior
to putting a unit into service for the geason and just after removing it for the winter imonths,
All motor bearings should be lubricated at these times unless they are the permanently sealed
type, Electrical wiring should be checked over and repaired if necessary prior to placing a
unit into operation, Any troubles with the wiring system can be checked out as discussed in
chapter 3, Fan motors are usually 2~ or 3=speed and wiring diagrams should be consulted
whenever you are checking the circuits, Whenever you are servicing a window unit, have the
manufacturer’'s operating and servicing instructions handy,

4-2, CONSOLE UNITS

a, Description, A console-type air-conditioning unit i{s a complete system mounted in a
single cabinet, These systems are usually water~cooled and vary in size from 2 to 10 hp. Con-~
sole units can be found in small clubs, PX'’s, messli..lls, restaurants, etc, If a console unit is
air-eooled, it will need ducts to the outside, both for bringing in air foi' condenser cooling and
discharging the heat-laden air back outside again, Console units are usually constructed with
the condensing unit in the lower section, the blower in the iniddle section, and the evaporaior
in the top section, Air enters a console through the lower grille ¢ 1d cool a‘vr is discharged
through the upper grilles, Ducté can be attached to sections of the air di.charge grilles to dis~
tribute air to arcac that are partitioned off from the rest of the air-conditioned space, Console
units are equipped with filters at the air intake., Some of these units also contain filters at the
air disgharge,

b, Installation, Because console units are assembled at the factory, installation is limited
to physically moving the unit into place and making any necessary external connections, such
as plumbing, electrical, and duct work. Once the unit is in place it should be leveled, Any
necessary duct work should be installed according to the volume of air needed and the manu-~
facturer’s inetructions, All refrigerant components ¢nd controls should be checked prior to
putting the unit into operation, A console unit must be hooked up on a circuit of its own and
should have a quick=-disconnect switch mounted close by,

¢, Maintenance, Filters in a console unit must be checked monthly and cieaned or replaced
as roquired, The evaporator coil, fins, and the fan motor should be cleaned periodically, If
the fan motor is not constructed with permanently sealed bearings, it should be lubricated in
accordance with manufacturer’s instructions, If the uuit is water-cooled, the drain pan and
drain tube should be cleaned at least every 2 months, Sometimes iiut and dust will build up on
the int.er lining of a console unit, The lint should be removed either with a vacuum cleaner or
by brushing it away, Maintenance of the refrigerant components and the water system is ac-
complished in accordance with the methods outlined in chapter 3,
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4-3, REMOTE UNii»

Remote air=conditioning units have the refrigerating equipment located away from the
space that is to be air conditioned, These units range in capacity from 2 tons to thousands of
tons, Some of these units condition the air then distribute it to the conditioned spaces through
a duct system, Other systems use chilled water o condition the spaces, In chilled water sys-
tems the water is chilled and then circulated to wall or baseboard coolers within the areas to
be cooled, Most remote units are complete comfort units and Provide cooling in the summer
and heating in the winter, The chilled water systems usually use an absorption system to pro-
vide refrigeration, whereas most of the chilled air systems use a mechanical refrigeration
system, The newer chilled water systems use water as the refrigerant and lithium bromide
(salt solution) as the absorber, The older units use the ammonia and water systems, Systems
using water aad lithium bromide are large industrial units running into hundreds of tons' capac-
ity and presenting special installation and maintenance problems. These systems are built to
fit a particular set of cooling circumstances and will often completely baffle experienced per=
sonnel when it comes to servicing or repairing one of them unless they are familiar with the
particular installation, Because of this and the fact that ycu, as a refrigeration mechanic in
the Corps, will probably never be called upon to service ¢r repair a remote unit of this type,
the installation and maintenance will not be covered.

)

4-4, TROUBLESHOOTING

Troubleshooting commercial units is accomplished in the same manner as discussed in
chapter 3, The charts in chapter 3 cover most problems that you might encounter with any
commercial type air conditioner that you may encounter in the Corps, Always remember to
consult the manufarturer’s instructions when troubleshooting, If they are not available, check
with someone who has worked on that particular unit, Remember that each unit is used for a
specific purpose and a specific set of cooling circumstances,

Section II. TACTICAL UNITS, MARINE CORPS MILITARY STANDARD AIR CONDITIONERS

4-5, GENERAL DESCRIPTION

The Marine Corps military standard air conditioners consist of self-contained vertical
and horizontal units. They are normally rated from 7, 000 to 54, 000 Btu, Various models are
designed to operate on 115-, 208-, or 230-volt. 60-Hertz or 100-Hertz power sources, When
installed within an area to be conditioned, one of these units will provide for cooling or heating
the air to maintain temperatures within a desired, predetermined range for both equipment and
personnel. These units are factory tested and shipped completely assembled and charged with
refrigerant, They are manufactured by either Trane Co., American Alr Filter Co,, or Keco
Co. and are used as a principal means to control the environment of an area, Each of these
units contains three systems: a refrigeration system, an ¢ir-handling system, and an elec-
trical system. We will discuss the vertical units first. Horizontal type units will be discussed
sturting ln paragraph 4-10, : . N

a., Refrig: ration sysiem, The relrigeration system includes a hermetically sealed motor
cumpressor, condenser, evaporator, thermal expansion vaives, solenoid valve, filter-drier,
charging valves, regulating valve, pressuse reliet valve, and a high-pressure cutout control.
Fig 4-4 shows the refrigeration schematic for the A/J/E 32C=-17 air conditioner, This refrig-
eration schematic is the same in each Trane military air conditioner,

44



|
ie
v

COMPRESSOR y v

=

- T 71

T

FLANGE A T ] é
N SUCTION PRESSURE »
=3 REGUILATOR Z5
z HOT GAS S
SOLENOID VALVE N, O,

_J éc-gt,r}-:.rs;('n EN PANSIO!

VATNVE

PRESSURE
RELILF VALVE

EXPANSION VALVE
. QUENCH SOLENOID
LIQUID VALVEN, €, FILTER DRIER

SOLENOID "
VALVE N, O, E‘h_—]
CHECK VALVE

~—— — -1

Fig 4-4, Refrigeration schematic A/E 32C-17,

b, Air-handling system, The air-handling systera includes a return-air register; supply-
air register; evaporator fan: condenser fan; evaporator and condenser fan motors; mist elim-

inator; fresh air duct; nuclear, biological, chemical(NBC) duct; and a fresh air damper,

c, Electrical system, The electrical system consists of main powerline voltage to the
fan motors, compressor, and strip heaters through relays or contactors. Control voltage i=
routed through a 187-v d, ¢, rectifier to fuses, solenoids, outside thermostat, conditioned space
thermnstat, circuit breakers, and heater thermostat, All internal wiring is completed at the
factory, Refer to foldout figure 4-32 at end of chapter for wiring diagram of A /E 32C-17&18,

Model differences. The following figures and tables explain the design differences in

d,
of three companies: Trane, Air Filter, or

the models. The units may have been made by o~
Keco. The major assemblies may have some minor differences but the description will remain

the same, The performance characteristics and specifications will be the same no matter what
companv makes the unit, Table 4-1 gives you the operation and technical characteristics of

the units. Tdbles 4-2, 4-3, 4-4, and 4-5 describe the major assemblies of the units. Figures
4-5, 4-6, and 4-7 show the various units. The major difference in the units is as follows: A/E-
32C-117, A/E32C-24, A/E32C-26, ‘A/E32C-29, and A/E32C~39 - jerate on 60 Hz current and
the A/E32C-18, A/E32C-25, and A/E32C~-27 operate on 400 Hz current, Flgure 4-8 shows a
line drawing of the A/E32C-29 air-conditioning unit with its dimensions. Figure 4-9 shows a
line drawing, with dimensions, of the A/E32C-39, The major difierence with this model is that
it was designed so that the components are protected in a ruggedized frame and cabinet to allow

shipping without crating,
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Table 4-1. Operational And Technical Characterisiics

Model Btu/iir Electrical Characteristics Afrflow Physical Data

% . F —

. . ) 2 cfm @ Wi , Dimensions? 5

Cool teat v Hz pa kw Ducts § 0"'H,O (lb) w X D 'x H Cube

ad - it

AJE 32C-117 18, 000 12, 300 20¢ 60 3 6.0 a8 655 260 17-1/16 x 19-1/16 x 45-1/2 8.58

A/E 32C-18 18, 000 - 12, 300 208 400 3 7.1 8" 670 230 17-1/-16 %x 19-1/16 x 45-1/2 8.56

AJE 32C-24 36, 000 28, 600 208 60 4 10. 3 12 1290 445 30-1/16 x 18-3/16 x 55-3/32 ] 17.31

AlE 32C-25 36, 000 28, 609 208 400 3 12, 4 12" 1375 435 30-1/16 x 18-1/16 x 55-3/32 17,31

A/E 32C-26 54, 000 47,100 208 60 3 16. 3 16" 2010 580 34-1/16 x 20-1/16 x 65-1/8 25,76
] A s

A/E 82C-217 54, 000 417, 000 208 400 3 20.0 16* 2100 570 34-1/18 x 20-1/18 x 65-1/8 25,76

Alk 32C-29 a 000 6,100 115 60 1 3.25 8" 315 175 17-1/16 x 17-1/16 x 32-3/32 5. 41

] P ——

A/E 32C-39 54, 000 32, 500 208 60 3 10.0 18" 2200 885 48 x 71 x 32 63,00
-

MCOHALG6-208 ‘D, 000 7, 000 208 60 3 3.0 None 370 200 23-7/8 x 26-1/2 x 16-1/8 5,90
3 S

MCI8HALG-208 18,000 14, 300 208 60 3 6.5 None 640 265 30 x 28 x 20 9.72

1

Notes:

Ot GO
« o . -

Cubic feet

37

Nominal capacities per verified test results
Maximum capacities
CKM @ 0,25 HyO

Width, depth, height dimensions in inches

c
&



Tahle 4-2, Major Assemblies, _A/E 32C-17 And A/E 32C=-18

Val

. No,
Item Description _ Manufacturer - Req,

Evaporator Direct motor drive (fans mounted on oppo-= Welco 1
Condenser site ends of double extended shaft); power

input-208 volts, 60 Hertz or 400 Hertz,

3 phase; built-in thermal overload and

over-current protector, 1,42 hp for 60- ’

Hertz motor, 1,62 hp for 400-Hertz motor,
Compressor Hermetically sealed rotary type, Whirlpool 1
Condenser FFan Cast aluminur:. propeller type; counter=- Trane 1

clockwise rotation, facing room ajr inlet,
Evaporator Fan Centrifugal type with airfoil blade, (BI- Trane 1

single width), counterclockwise rotation,

facing room air inlet, '
Condenser Coil Finned tube Trane 1
Liqui Line Pilot-operated expansion valve Alco 1
Exps 10on Valve - '
Evaporator Coil Finned tube ' Trane o1
I.iquid Line Pllot-operated solenoid valve Asco 1
Solenoid Valve
Liquid Bypass Direct-acting solenoid valve Asco 1
Solenoid Valve
Hot Gas Bypass Direct=acting solenoid valve . Asco 1
Solenoid Valve
System Access Packless charging valves Hoke 2
Valves
Filter=Drier Desiccant Drier Sporian 1
Electric Heaters [tainless stect ghgath; 120 vouiis, 60 waus indeeco 6

4-10
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Table 4-2, Major Assemblies, A/E 32L~17 And A/E 32C-18==contd

0

No,
Item " Description Manufacturer Req,
High-Limit Open 184°F (90°C), closed 140°F (60°C) _Klixoxi 1 .
Thermostat : :

Control Switch

Manual, 5-position, rotary selector switch Cutler-Hammer 1

Conditioned Air
Theimostat

Range, +40° to +80°F Penn Controls 1

Table 4-3, Major Assemblies, A/E 32C=24 And A/E 32C=25

) No,
Item Description Manufacturer Req,
Evaporator Fan " Direct motor drive (fan3 mounted on oppo=’ Welco 1
Motor site ends of double extended shaft); power -
: input-208 volts, 60 Hertz or 400 Hertz,

3 phase; built=in ihermal nverload and over-

cnrrent protector; 0,7 hp for 60-Hertz motor,

0.5 hp for 400-Hertz motor,
Condenser Fan Direct motor drive; power input-208 volts, . Welco 1
Motor 60 or 400 Hertz, 3 phase; built-in thermal

overload and over-curront p.otector; 0,7

hp for 60-Hertz motor, 2.2 hp for 400-Hertz

motor,
Compressor Trane Military Model **J*’, Hermetically Trane 1

sealed reciprocating type; 2 cylinders; 2"

bore; 31/32" stroke; force-feed lubrication.

208 volts, 80 Hertz or 400 Hertz, 3 phase.
Condenser Fan Vane axial type. Trane 1
Evaporator Fan Centrifugal (airfoil, single width) Trane 2
Condenser Coil Finned tube Trane 1
I.iquid I.ine Multi=outlet thermal expansion valve Alco 1
Expansion Valve
Evaporator Coil Finned tube Trane 1

4-11
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Major Assemblies, A/E 32C~24 And A/E 32C~25--contd

4-12

101

Table 4-3,
No, .
Item Description Manufacturer Regq,
Liquid Line Pilot-operated solenoid valve Asco . 1
Solenoid Valve
L.iquid Bypass Pilot-operated solenoid valve Asco 1
Solenoid Valve
Hot Gas Bypass Pilot-operated solenoid valve Asco 1
Solenoid Valve : 7
System Access Packless chargixig valves Hoke 2
Valves
Filter=-Drier Desiécant Drier Sporlan 1
Table 4-4. Major Assemblies, A/E 32C-26 And A/E 32C-27
' - No,
Item Description Manufacturer “Req,
Evaporator Fan Direct motor drive (fans mounted on oppo- Welco 1
Motor site ends of double extended shaft); power
input=-208 volts, 60 Hertz or 400 Hertz, 3
phase; built=in thermal overload and over-
current protector; 1,25 hp for 60-Hertz
motor, 1,60 hp for 400-Hertz motor,
Condenser Fan Direct motor drive; power input-208 volts, Welco 1
Motox 60 and 400 Hertz, 3 phase; built-in thermal
overload and over~current protector; 4,0
hp for 60~-Hertz motor, 5.0 for 400-Hertz
motor,
Compressor Trane Military Model **J*’, Hermetically Trane 1
sealed, reciprocating type; 3 cylinders; 2" '
bore; 31/32" gtroke; forced-feed lub ‘cation,
20§ volts, 60 Hertz or 400 Hertz, 3 puase,
Condenser fan Vane axiai Lyps, Trane 1
Evaporator Fan Centrifugal (airfoil, single width) Trane 2
Condenser Coil Finned tube Trane 1




-

48

Table 4-4, Major Assembues,' ;\IE 32C-26 And A/E 32C-27--contd

. No,
Item Description Manufacturer Req,
Liquid Line Multi-outlet thermal expansion valve Alco 1
Expansion Valve
Evaporator Coil Finned tube 4 ' Trane : 1
Liquid Line Pilot-operated solenoid valve Asco 1
Solenoid Valve
1.iquid Bypass Pilot~operated solenoid valve Asco . 1
Solenoid Valve '
Hot Gas Bypass " Pilot=operated solenoid valve Asro 1
Solenoid Valve
System Access Packless charging valves Hoke 2
Valves
Filter=-Drier Desicnrant Drier Spurian 1
Table 4-5. Major Assemblies A/E 32C-29.
Item Desc 'iption Manufacturer No.
p
Req.
High-Limit Open 194° F(90° C), Closed 140" T (80° C)  Klixon 1
Therm.ostat
Control Switch Manual, 5-position, rotary selection Cutter~Hammer 1
switch
Conditioned Air  Range, +40° to 90° F ‘ Penn Controls 1
Thermostat
Evaporator Direct motor drive (fans mounted on oppo- Welco 1
Condenser Motor site ends of double extended shaft); power
input--115 or 230 volts, 80 Hertz, single
phase or 208 volts, 400 Hertz,
3 phase; built=-in thermal overload and
over-current protector; 1,15 hp for 60-Hertz
motor, 1,40 hp for 400-Hertz motor,
Compressor Hermetically sealed 1otary type, Whiripooi i
Condenser Fan Vane axial type; counterclockwise rotation, Trane 1

facing room air inlet, Cast aluminum,

192
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Table 4-5. Major Assemblies, A/E 32C-29- -contd

Ne.
Item Description Manufacturer Req,
Evaporator Fan Centrifugal, airfoll blades, single width, Trane 1
counterclockwise rotation, facing room
air inlet, .
Condenser Coil Finned tube Trane 1
I.iquid Line Multi=outlet thermostatic expansion valve, Ajco 1
Expansioh Vaive A
Liquid Bypass Thermostatic expansion valve, » Trane 1
Expansion Valve ’
Liquid Line and Direct-acting solenoid valve, A three-way Asco
Liquid Bypass solenoid valve is used for the liquid line
. , solenoid valve and the liquid bypass sole=
" B} noid valve,
Hot Gas Bypass Direct=-acting solenoid valve. Asco
Solenoid Valve
System Access Packless charging valves, Hoke 2
Valves
Filter=Drier Degiccant Drier Sporlan
Electric Heaters Stainless steel sheath; 115 volts, 300 Indeeco
watts each,

4-6, OFERATIONAL THEORY

a, General, Al of these units are equipped with three ope
and ventilating, The particular operational cycle is determine
and thermostat located on the control panel to the desired environmental conditions,

b, Cooling. When the selactor switch is set to
fan motors are energized and tl: compressor operates on the cooling cycle until the conditioned
air thermostat is satisfied, The system then transfers to by
ature in the conditioned space rises above the setting of the conditione

time the system automatically transfers back to the cooling cycle.

(1) Cooling cycle (f‘ig 4-10),

under condensing pressure,
controlled expansion valve,
ressure evaporator, a certain portion o
This flashing draws heat from the remaining tiquid in thr evaporator,
Heat is then transferred from the warm indoor air passing -
causing the refrigerant to vaporize,
through the suc-

tively low-p
(vaporizes),
lowering its temperature,
over the evaporsution coil to the chilled refcigerant,
Then the heat=laden refrigerant vapor is drawn from the evaporator,
Upon entering the compressor, the refrigerant vapor is

s
onden-

tion line, to the compressor,
compressed to condensing pressure and passed through thz ol Bas Wue o the ©
t vapor substantially raises its condensing temper=
condenser coil surfaces is
The liquid then leaves the
through the liquia line,

ser, Since compressing refrigeran
ature, the relatively warm outdoor air passing over the
sufficient to cnndense the refrigerant vapor to a liquid,
condenser and returns to the expansicn valve,
cycle, A backe-pressure regulating valve prevents frost from formin

rator.

4-14

123

rating cycles: cooling, heating,
d by setting the selector switch

the COOQOL position, the compressor and

pass operation urtil the air temper-
d air thermostat, at which

During the cooling cycle, the liquid re‘t‘rigerant, which {8
is metered into the evaporator through a thermostatically
As the refrigerant passes through the valve into the rela=-
f the liquid immediately flashes

to complete the
g on the ¢vapo=
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N

(2) Bypass cycle (fig 4-11), When the temperature of the conditioned air falls below the

thermostat setting, the circuit which controls the rafrigerant valves is energized,

This causes:

(a) The liquid line valve to close, stopping the flow of liquid refrigerant to the evaporator.

This completely halts the cooling function,

(b)

The hot gas bypass valve to open, cycling a major portion of the compressed refriger-

ant vapor directly back to the suctian side of the compressor,

(c)

The liquid bypass valve to open, which transfers a small amount of !iquid refriger-
ant through an expansion valve into the suction piping.

When the unit is operating

in this bypass coadition, the flow of refrigerant into the suction line places a small -

load on the system,
the compressor from overheating,

This reduces the temperature of the suction gas which prevents

8ACK PRESSURE HOT GAS
REGULATOR VALVE BYPASS VALVE
lo_J SUCTION
L.INE
CONDENSER EXPANSION, —
CoiL VALVE [3-11%
LIQUID
8YPASS
_J VALVE
bisckaRot COMPALSSON
LINE
CHECK .
VALVE
/ DRYER Liouid EXPANSION
VALVE VALVE
HEAD PRESIVAL
CONTROL TANK
Fig 4-11. Bypass cycle,

c., Heating, Two ranges of heatir.g are provided by a bank of electrical resistance heaters

which are mnunted in the conditioned air stream directly behind the evaporator coil.
the sclector switch in the LO-HEAT position energizes half of the heaters,

Placing
The remalining

heaters are energized when the switch is placed in the HI-HEAT position, thus providing max~

imum heating capacityv.

When the selector switch ig in the HI-HEAT position, the fan motor

is in operation and one bank of heaters is on continuousiy whiie \he secund bank is controiied
by the conditioned air thermostat, As the air temperature falls below the set point oi the

4-15
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conditioned air thern:ostat, the thormostat contacts will close, This energizes the heater con=
tactor which supplies power to the second bank of heaters through the normally closed contacts
of the high temperature contiol, Moving the selector switch to the LO-HEAT wnsition provides
the same control sequence, but reduces the heating capacity by supplying powel to the first bank
of heaters only as called for by the conditioned air thermostat,

d, Ventilating, With the gelector switch at VENT, the fan mo'or operates, the compressor
and heater circuits are off, and air is circulated as determined by the damper control,

Note: When the selector switch is set to OFF, power is supplied only to the compressor
crankcase heater, The unit must be disconnected from the power source to dise
connect all circuits,

4-7, INSTALLATION

The installation of an alir-conditioning system will be determined by the requirements and

space limitations, .
° 2
a., Through-the=wall, When this method ‘s used, the unit rests inside the area to be con-

ditioned while the condensing and fresh air inlet side are vented through an opening in the wall
to the outside, An cpening, 1/4 in. larger than the outside dimensions of the unit, is cut in the
wall, The clearance helps prevent transmission of vibration to the wall structure (fig 4-12).
The unit is centeredin the opening and bolted to the floor, All unite have 15/32-in. -diameter
holes with 7/16-14 nuts in the base for mounting, Aluminum or steel angles with rubber gas-
keting may be installed arcund the unit to seal the opening, A drain line is connected to one of
the 1/2 in, NPT drain connections located at the front, back, and sides of the unit, A trap or
loop is required in the drain line to achieve proper drainage, Electrical connection is general-
ly made at the back of the unit with an MS connector, Alternate conneciions are located on each

side of the unit, Shelter
Angl Wall
«—1/L" Clearance
Gaske -l/A-C Unit .
\/\ °

Fig 4-12, Through-the-wall installation,

b, Telescoping rail, The telescoping rail arrangement is particularly applicable when the
air-conditioning unit is ‘o be installed in a van or shelter, Mounted on a telescoping rail ar-
rangement, the unit is moved laterally through the wall hefore use, When not in use, the rails
are retracted, placing the unit inside the shelter (fig 4-13), An opening is cut in the side of
the shelter, The telescoping rail assembly is centered in the opening and bolted in place,

The unit is then bolted to the base, A flexible canvas or rubber boot is installed to close the
opening between the shelter and the unit, The electrical and drain connections are made as
described in the through-the-wall installation, Either flexille or removable duct connections
are used to Jaccommodate the movement of the unit. To complete the installation, the wall open=
ing is covered by a hinged or removable door,
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c. Skid mounted, Skid-mounted uniis are designed for mobility, They are used to provide
~.ir conditloning at a location remote from the area to be conditioned by a system of flexible
ducts, Remote location is desirahle vhen exceptionally low sonnd level is required, Installa=
tion consists of a ‘'retrofit'’ package with connecting flexible ductwork and cables to perma-
nent fixtures on the unit and shelter (area to be conditioned). Figure 4-14 shows the compo-
nents of the retrnfit package. The gkid-mountcd version {see fig 4-15) pormits eany uuuesy

for maintenance and facilitates rapid replacement of the complete unit. The tubular lifting
frame. wiich is Integral with the skiu base, provides support for the ducting storage canister.

Bl
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Fig 4-14, Retrofit . Fig 4-15. Skid-mounted air conditioner
package componentis, ' “using retrofit package.

d. Exterior mounted, This method is a variation of the through-the-wall method described
above, and 1s one that saves valuable working space in small areas such s ghelters, A per=
manent or temporary platform is attached to the outer wall of the shelter, Openings are cut
in the shelter wall for supply and return air connections, The unit is then bolted to th~ platform
and the air and other connections made as necessary,

¢, General installation instructions,

(1) Move the unit to the installatior. sitesbefore removing the shipping carton, Remove the
top, ends, and sides of the curton and the kimpac covering the unit, Retain both tae
carton and the kimpac covering for use in future moves,

Note: The unit must be set in the upright position for at least 12 hours prio: to
running refrigerant system,

(2) The unit is secured to the shipping base by four 7/16" =14 x 2 1/4" hexagon head screws,
- four 7/16" flat washers, and four 7/16'" Kant-l.ink washers, Remove these fasteners
and move unit off the shipping base, :

(3) inspect the entire unit for signs of in-transit. damage, P’ay particular attention to the
I’ evaporator and candenser eoils and the cuil grilles,

()} The unit should be set level to allow proper condensate drainage, llowever, operation
will be satisfac ory with the unit sitting at no more than an 8, 30 angle and using one of
the aliernate drain connections,

(3) Inorler for the unit to operate cificiently at rated capacity, you must consider acces=
sibil«ty and unobstructed airflow when locating the unit.

() The removable lower front panel and the conditioned air supply and return air grilles
_must be accessible for normal service and maintenance,

(») The eondenser air intake grille must be unobstructed to allow sufficient air condens~
ing purpos~s, For muaximum unit capacity, the conditionud air supply and return
openings at the front of the unit should be free of obstruction,

Mounting hole dimensions for fastening the unit to the floor are given in figures 4-16
and 4=17,

-
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(7) Connect a drain hose to the 1/2" NPT condensate outlet at the base of the unit, I.ead ~
the drain hose away from the unit, As shown in figure 4-18, include a 3" gooseneck
trap in the drain connection next to the unit, Alternate 1/2" NPT drain connections
are provided at both sides and the front of the unit, If one of the alternate drain con=
nections is used, inserta 1/2" square-head plug in the'rear drain connection,

- v

2" NPT FITTING

Fig 4-18. Condensate commection,

(8) All unit internal wiring is complete as shipped,

(a) |[Different units have different électrical characteristics. The correct power
source for cach unit is stenciled on the side of the unit and a wiring diagram is lo=
cated on the back of the lower frunt panel, i ' :

(b) An MS3100R receptacle is located on the back panel of the unit,” Connect the proper
electrical power source to this receptacle using an MS3106R plug or acceptable al=-
ternate, ’ : : ) ’ '

(c) Alternate power connections are located on both sides of the unit, A change to an
alternate power location can be easily accomplished in the field.

Caution: When you connect the power, energize the unit briefly in the ventilation
mode and check condenser fan rotation, Note rotation arrow on back of
_ unit, If rotation is backward, reverse any two of the power leads to-the

power connector, Recheck for rotation,

(9) The control panel, shown in figures 4~-19 through 4-23 and in figure 4-24, is located .
at the front of the unit. This panel may be mounted remotely by means of an inter-
connecting cable assembly. A blank cover panel may be installed in the front panel
opening when remote control is used.

Note; If the remote cable is not shielded, the radio frequency interference (RFI)
integrity of the unit will be destroyed,

4-21
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Fig 4-19, Component location, A/E32C-17 and A/¥32C-18,
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Fig 4-20, Component location, A/E32C-26 and A/E32C-27
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Fig 4-21, Component location, A/E32C-29,
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Fig 4-22, Component location, A/E 32C-24 and A/E 32C=25,

(10) Ductwork may be installe d from the outside to the fresh air inlet at the back of the
unit; from a nuclear, biological, and chemical (NBC) filter system to a second
inlet at the back of the unit; or from the front of the unit to the areas to be air condi=
tioned, Ductwork and the NBC filter system are furnished by other manufacturers,

(11) The air=-conditioning unit contains a full operating charge of refrigerant and compres=-
sor oll, Further service is not required, The evaporator and condenser fan motors
are permanently lubricated by the manufacturer and require no-additional lubrication,

4-8, OPERATION

a, Operator’s service requirements, To make sure that the air conditivner is ready for
operation at all times, the operatcr must inspect it systematically so that defects may be dis=-
covered and corrected before they result in serious damage or failure, The necessary pre-
ventive ma‘intenance services to be performed are outlined in paragraph 4-9a.

b, Controls and instruments, The various controls and instrumen.s which govern the oper-
ation of the air-conditioning unit are described below,

(1) Sclector switch, The selector switch, located on the control panel (fig 4-23), is a five-
position switch which controls the type operation the unit is to perform,

(a) HI HEAT. Energizes the evaporator fan motor. One bank of electrical heaters is on
continuously and the second bank is under control of the temperature control (condi-
tioned air thermostat),

(b) LLO HEAT, Energizes the evaporator fan motor. One bank of electrical heaters is
under the control of the temperature control (conditioned air thermostat) and the

second bank is inoperative,

(c) VENT, Energizes the evaporator fan motor but sll ocher systems are inactive,
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(d) COOL, .Energizes the fan and compressor motors, Whenever the air temperature
falls below the temperature control setting, the compressor, while continuing to
operate, transfers to a bypass (no load) condition.

(e) OFF, Thue power circuit is de-energized except for the crankcase heater,
Note: Wran the selector switch is set to OFF, power is supplied to the com-
. pressor ¢rankcase heater, The unit must be disconnected from the
power source to disconnect all circuits, .

(2) Temperature control (conditioned air thermostat). The temperature control is also
located on the control panel, It provides both heating and cooling control over a 5008
temperature ranges (40° to 90CF), Center position i{s approximately 850F, To de-
crease the temperature, turn the knob counterclockwise; to increase temperature,
turn the knob clockwise, : '

TEMPERATURE SELECTOR
CONT20L s\mrc‘u .
|
P °
Oe, CoOL
) % VENTILATE
' %
. Teme o
,.bé' LO HEAY
L \ HI HEAY
] 9

Fig 4-23, Control panel.

(3) Damper control, The fresh air inlet damper, located within the unit, is controlled by
a pull chain on the front of the smallest; units and by a kiob on the two biggest units
(this knob may be on the front or on the back of the unit), When the fresh air damper
is opened, the louvers on the conditioned air inlet on the front of the unit should be
closed if the maximum of fresh air is desired, These louvers are controlled by a lever
on the front of the unit, An air inlet is provided on the back of the unit for attaching
the NBC filtered air system to the unit, When the NBC system is in use, the fresh
air inlet damper must be closed. Figure 4-24 shcws how to operate the damper knob,

1
0,

¢
. ows fo)

FRESH AIR VENT

FRONT

FRESH AIR VENY

REAR

Fig 4-24. Damper control knobs,
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(4) Qutside air thermostat, The function of the outside air thermostat is to prevent com=
pressor start-up when the outside air temperature (ambient temperature) drops below a
specified point, This orevents operation at a time wher. low condeneging and suction pres-
sures will hamper sysiem operation, On the two smallest size units, the outside air ther-
mostat is set to cut out at S00F ambient, while on all others it ig set to cut at 0°F ambient.

(5) Sight glass (fig 4-25), The liquid line sight zlass,
. located on the back panel, indicates if there is JNDICATOR '
moiature in the refrigerant or if there is a shortage :
of refrigerant, Moisture i8 showr by the indicator
turning from green to yellow., A shortage of -
refrigerant is indicated by bubbles appearing con-
tinuously in the sight glass,

\ .
Y

AN

Fig 4-25, Sight glass, .

(6) High-temperature control, The high=temperature control switch functions to prévent
over=heating when the system is operating on the heating cycle, This device is de=
signed to cut out at 1949 F (909C) and automatically reset at 140°F (60°C),

Note: 194°F will be reached only if the evaporator fan becomes inoperative,

(7) High-pressurecutout switch, The high-pressure cutout switch.is a manual reset type,
Contacts open at 445 psig + 10 psig, and will close after being.reset manually at 385
psig or below (see fig 4-19),

(8) Back-pressure regulator, The back-pressure regulator is designed to regulate evap-
® orator pressure to a minimum of 58 psig to prevent evaporator coil freezeup,

- c. Operating instructions, There are a few things to check before you start the unit, For
instance, you should see if the unit is secure on its'mount and make sure there are no obstruc-
tions to the free flow of air to both front and rear intake grilles, Turn the selector switch to
OFF, Apply power to the unit, (This energizes the compressor crankcase heater to vaporize
any refrigerant present in the oil=~this may take 5 hours,)

(1) Starting the unit, The first step is to jog the fan motor by turning the selector switch
to COOL and then back to OFF, Check the condenser fan for proper rotation (refer-to
paragraph 4-Te (8) Caution),

(a) Cooling operation, Set the temperature control at the desired temperature setting,
then set the selector switch to the COOL position, thus starting the compressor,
Allow the system to operate until it is discharging cooled air, Raise or lower the
temperature control to maintain the desired temperature,

(b) Bypass, With the selector switch in the COOL position, raise the thermostat setting;
as the set point passes above the ambient temperature, the unit should go into bypass
operation, :

(c) Heating operation, Turn the selector switch LO HEAT, For additional heating
capacity, turn the selector switch to HI HEAT, Raise or lower the temperature cons
trol to maintain the desired temperature,

(d) Positioning of controls, Adjust the temperature con't.rol setting, fresh air inlet dam-
per, and select switch in accordance with the system operating information in figure
4-26.
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Recirculated Arr Temperature ' HI.HEAT
. }{caun{- -With Desired Partially* Open LO-HI'AT or
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Drawn Through
. NBC Filter
{Outdoor Air '
Contaminated ) :
- Ventila:on—--Maximum Any Closed Opsr. VENTILATIU .
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*The closing of the Indoor return air damper causes a greater portion of the total airflow to be drawn from the outside,

Fig 4-26. Operating information,

Note: The center of the temperature control scale corresponds to approxixhately
85°F,

(2) Stopping the unit, To shut down the unit, turn the selector switch to OFF, To shut
the £ystem down for an extended period of time, proceed as follows:

(a) Turn the selector switch to OFF,

(b) Disconnect the power supply,

(c) Close the fresh air inlet damper,

(d) Cover the condenser air intake and outlet openings,

(3) Operating precautions, The following precautions shall be observed at all times:

(a) Keep hands away from fans when unit is operating,

. (b) Do not remove any panels to perform work or tests on the air conditioner while con-
ditioner is connected to power source,

“

(c) If the motor or the compressor become overheated, stop the unit immediately and
check for the cause,

-~

- " (d) Should liquid refrigzerant come in contact with the skin, the injury should be
treated as for frostbite or frozen conditton,

(E) Do not usc water on a motor fire,
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1, Operation under unusual conditions, The unit is designed to operate ovar the range re-
quired for nir-condttionlng units, :

(1) Extreme heat, ™he unit is designed {o operate satlsfactorlly up to a temperature of
1259F ambient,

(2) Extreme cold, The outside air thermostat prevents the compressor from being started
when the outside air temperature is below a specified point (see paragraph 4-8b(4)).

(3) Dusty or sandy areas, Remove and clean the air filter as described in paragraph
4-9a(l){c) and (d)., Under extreme conditions or extended operating periods, clean
the evaporator condensate drain pan and the unit drain pan to remove accumulated
dust or sand.

»

4-8, MAINTENANCE

In this paragraph we will cover instructione for periodic inspection, servicing, and main-
tenance of the air-conditioning unit, Periodic inspection and proper maintenance will result in
better operation and minimum repair, Deficiencies may also be discovered before they cause
major damage., ' . : :

a. Preventive maintenance, Special tools are not required to perform routine organizational
maintenance, As far as lubrication is concerned, the evaporator and condenser fan motors are
permanently lubricated and the compressor and compressor motor are fully lubricated by the
manufacturer and require no additional lubrication,

(1) Peclodic inspection, Periodic inspection intervals are listed in chart form, (Refer to
table 4-86 for the periodic inspection intervals,) All deficiencies not?d during inspec-
tion should be corrected before further operatfon of the unit is attempted, Adjustment.
and repair procedures that are beyond the scope of operational maintenan.:e shall be
referred to maintenance personnel possessing the proper tools, equipment, and infor=-
mation to perform the needed repairs, The intervals appearing in the periodic inspec=
tion chart are for a normal 8-hour day operation, During abnormal conditions it may
be necessary to shorten intervals accordingly, In addition to the daily inspections,

the operator shall at all times be alert for any unusual noises or other indications of
malfunctions during operation of the air conditioner,

Table 4-6. Periodic Inspection Chart

Component - FREQUENCY
: Dailx Monthly 6 Months
GENERAL '
Check for visual dam_age. . ‘ X
Check legibility of decals and instruction plates, X
Check for obstructions to free movement of air X

at front and rear of unit,
Check for clogged or damaged grilles, X
COMPRESSOR AND PIPING

Chec« compressor for any unusual nojses X
duriag operation,

Check liquid sight indicator for bubbles or X
indication of moisture,
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Table 4-6, Periodic Ingpection Chart--contd
)

o .
: COMPONENT FREQUENCY
IL Daily Monthly 6 Months
COMBRIESSOR AND PIPING<~contd

Check cperating pressures, X
Check pi_ping for damaged tubes and fittings, X

Check piping for leaks with halide leak detector. X

DRAIN PAN

Inspect drain pan for presence of foreign matter X

and cloggad drains,

Inspect drain pan piping for damage or clogged X

conditipn, : :

Inspect check valve for prouper operation, X
. FiLTERS

Check filters and mist eliminator for dirt or X

other foreign matter, '

» COILS
Inspect coils for dirt or other forejgn matter, X
Inspect coils for loose mounting hardware, X
MOTORS AND FFANS .

Inspect motors and fans for loose rmounting screws, X

Inspect fan blades for damage and accumulation X

of dirt or other foreign matter,

ELYCTRICAL WIRING AND CONNECTIUNS
Inspect wiring for insulation damage and loose X
connections,

(2) Service,

(a) Grilles, Dust, insects, and other foreign matter on the grilles will restrict the
flow of air through the grilles, ’ Cleaning instructions which follow apply-to any of

the griiles,

1. Remove screws, wasaners, and lockwashers securing the grille to the casing.

Remove the grille,

2. Wash the grille thoroughly by flushing in hot water and allow the grille to dry

thoroughly,

3. After cleaning the evaporator intake or discharge grilie, inspect gasket for damage

or loose cement,

4, Install the grille and secure it with the screws, flat washers, and lockwashers
1

previously removed,

(b) Mist eliminator, Clean the mist eliminator as follows:

1. Remuve the screws, flat washers, and lockwashers securing top cover panel
assembly to the casing, L.ift the panel from the unit,
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. (¢) Alr-intake fitter, ~The air intake filter-is-permanent-and-requires.only periodic = ___

slide the mist eliminator up and out of the evaporator coil slides,
Flush the mist eliminator with hot water, Do not oil,
Install the mist eliminator in its slides,

Install the top cover panel and secure it with the screws, flat washers, and lock-
washes previously removed,

cleaning.,

L.

2,

{eo
L ]

>

jes
L ]

Remove the evaporator air intake grille,

Remove the five screws, flat washers, and lockwashers, and lockwashers secur-
ing filter support to bottom of drain pan, Remove the support from the air condi=
tioner, :

Slide the filter up and out of the air conditioner,

Wash the filter with hot water or steam, When dry, dip the filter in Standard Air
Maze Filterkote or its equivalent,

Install the filter in the air conditioner and install the support over the end of the
filter, Secure the support with screws, flat washers, and lockwashers,

(d) Fresh air filter, The fresh air filter is also a permanent type requiring only peri-

odic .leaning,

1,

LY

Remove the screws, flat washers, and lockwashers wnich secure the tilter cover
to the casing,

Remove the fi;tei‘ cover and filter,
Wash the filter with hot water or steam, When dry, dip the filter into Standard Air
Maze Filterkote or its equivalent, .

Install the filter and filter cover over the fresh air inlet and secure the cover with
screws, flat washers and lockwashers. i

(e) Evaporator coil, The evaporator coil is cleaned without removing the coil from the
air conditioner,

1,

2.

Remove top cover panel assembly anc. mist eliminator as instructed in subparagraph
(b) above,

Clean the surface of the coil and blow any dirt out from between the fins with com-
pressed air, Hold the nozzle of the air hose at least 6 to 8 inches away from coil

to avoid damaging the fins,

Warning; Dc un: use steam to clean coils. -
3. Install the mist eliminator and the top covex panel,
(f) Condenser coil, The condenser coil is cleaned without removing it from the air
conditioner, ‘
1, Remove the front panel by loosening the panel fastening screws at the top of the

panel,

Remove the condenser air intake grille by removing the screws flat washers.
and lockwashers.



3. Clean the surface of the coil and blow any accumulated dirt out from between the
fins with compressed air, Hold the nozzle >f air hose at least 6 to 8 inches away
from coil to avoid damaging the fins,

Warning: Do not use steam to clean coils.

4. Install the air intake grille and secure it with screws, flat washers, and lock-
washers,

5. Install tne front panel and tighten the panel fastening screws, .

>

(g) Refrifbrant s:ght indicator, The liquld sight indicator should be checked periodically
for indications of moisture or shortage of refrigerant, Indications of moisture or
shortage of refrigerant shall be reported to higher authority for correction,

1. Moisture in the refrigerant is nhown by the indicator turning from green to yellow,
2. A shertage of refrigerant is indicated by bubbles in the indicator,

(h) Drain piping, The drain pan and drain piping shall be kept clean to provide adequate
dramage of condensate, .

« Remove the top cover panel assembly and mist eliminator as instructed in para-
graph, 4-9a(2)(b),

ol

1o

Remove the front lower panel,

joo

l.oosen the loWer hose clamp and work the drain connection assembly from hose, .

Remove the cotter pin from the end of check valve housing and remove the check
valve ball aud spring,

foka

6‘

Clean both the ball and spring, (‘lean the inside of the tubing p'ooseneck and housing,
lush the drain pan and the piping,

o

6. Install the check valve ball and spring in their housing and secure them with the
cotter pin, . .

7. Install the drain connection assembly into hose and tighten the hose clamp,

- 8, Install the mist eliminator and top cover panel assembly, Install the front lower
panel, . e ’ .

h, Troubleshooting, Troubleshooting procedures and instructinns for the isolation of causes
of comnion problems that may arise during operation are listed in table 4-7,
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Table 4-7. Troubleshooting Guide
Trouble Probable Cause Remedy
a, Compressor will 1, No power to air conditioner, 1, Connect power,
not start,
] . 2, Selector switch improperly 2, Set selector switch to '‘COOL."’.
set, ’ '
' 3, Contacts of circuit breaker 3, Reset circuit breaker,
open, ’
4, Outside air temperature 4, Normal,
below 0° F, -

5. Open control circuit. 5. Make continuity check of cir-
cuit, Replace defective con-
trols or refer to higher au-
thority. .

6, Loos- electrical connections 6, Tighten loose connections,

' or faully wiring, Repair wiring if necessary,

7. Defective circuit breaker, 7. Check circuit breaker,

.8, Defective compress.r motor, 8, Check motor for open wind-

ings and grounds,

b. Compressor starts 1, Fan motor failure, 1, Check fan motor,
but gues out on
overload, 2, High head pressure, 2, Clean condenser coil and con-
denser air intake grille,
Check condenser fan for proper
operation, I this does not
‘correct the trouble, refer to
higher authority.
c, No heat or low 1, Selector switch improperly 1, Set selector switch to “LO
capacity heat, set, HEAT’* or *"HI HEAT''.
2". Insufficient air movement 2, Check evaporator coil, mist
- nver heating elements, eliminator, filters, and grilles
for dirt or other obstructions,
Clean if necessary.
3, Loose connections or defective 3, Tighten loose connections,
wiring in heater or fan circuits, Repair damaged wiring,
.4, Defective fan motor, 4, Test motor,
5, Defective high temperature 5. Replace thermostat,
thermostat,
d, System losing cool= 1, Malfunciion or combination 1, Run pressure test, Trouble=-

ing capacity ov
otherwise indicates
improper function=
ing,

of malfunctions resulting in
abnormal operating pressures,

shoot any abnormal pressure
readings.
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Table 4-7, Troubleshooting Guide-~contd

Trouble Probable Cause Remedy
e, Low suctisn 1, Insufficient volume of air 1, Clean any dirt or obstructions
" pressure. passing over evaporator. coil, from grilles, filters, or mist
: etiminator,
2, Excessively low air tempera- 2, Raise temperature couatrol
ture in the conditioned space, setting,
3. Defective expansion valve, 3. Check operation of expansion
valve,
4, Clogged filter drier, re- 4, Refer to higher authority,
stricting the flow of refrig-
erant in the liquid line,
f, l.ow discharge 1, Liquid bypass valve leaking 1. Check solenoid valves,
pressure, liquid refrigerant into the
suction line,
2, Defective compressor, 2, Refer to higher authonrity,
g. !igh suction 1, High temperature in the 1. Condition will remedy itself
pressure, conditioned area, as temperature is reduced.
2, Faulty expansion valve, 2, Check operation of expansion
valve,
3. Hot gas bypass valve leak=- 3. Reaplace valve,
ing discharge gas into suc=
tion line,
4, Defective valves in compres- 4, Refer to higher authority,
sor, Compressor pumping
refrigerant vapor into suc~-
tion line,
h, High head 1, Insufficlent volume of air 1. Clean condenser coil and con=
pressure, passing over condenser coil, denser air intake grille, '
Check condenser fan for
proper operation,
2. Overcharge of refrigerant. 2, Refer to higher authority,
i, High $uction 1. Defective compressor valves, 1, Refecr to higher authority,
with low dis-
charge pressure,
jo lL.ow suction and 1. Lack of refrigerant, 1, Check for bubbles in liquid

discharge pressures,

sight indicator, Check for
leaks,
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c. Teating procedures, The test procedures given herein should be used in conjunction with
the troubleshooting chart to isolate malfunctions and verify troubleshooting results, Remedles
that are bayond the scope of operational maintenance should be referred to maintenance person=
nel having the proper tools, equipment, and information needed to perform the repairs.

(1) Circuit breaker. The circuit breaker will trip instantaneously {f there is a short in
the compressor motor, It cannot be switched on again until the compressor has been
‘réplaced. If the cireuit breaker is suspected of being defective, it can be checked by
attaching two insulated jumper-wires, one to each of the two lower terminals on the
breaker, and then momentarily touching the other ends of the jumper wires to the two
upper terminals on the breaker; touch the jumper attached to the lower left terminal
to the upper left terminal and the jumper on the lower right terminal to the upper right
terminal. If the compressor motor starts when the jumpers are touched to the upper
terminals, the circuit breaker i8 defective and must be replaced,

(2). Control circuit, The cause for a system’s failure to operate can be greatly narrowed
if the control which caused the failure can be isolated, It is the function of safety de-
vices to open \he circuit under certain conditions; therefore, additional checking may
be required to determine whether the safety device is open because it is defective or
‘ is performing its designed function, The following steps contain instructions for check=
ing the control circuit and additional information on safety devices,

(a) Disconnect the power from the air conditioner,
(b) Test the continuity across each control in the affected circuit with an ohmmeter.

' (c) Replé.ce any defective parts or refer to higher authority, taking into consideration
that open safety devices may not be defective,

(d). The outdoor air thermostatic switch will open the circuit when the outdoor air is
below 00 F +3°, if the switch is cutting out above 0° F #2°, it must be replaced,

(e) The circuit breaker will break the circuit if the compress‘br is drawing high current
caused by high head pressure, defective compréssur motor, or low voltage, Refer
to (1) above for circuit breaker test, ‘

(f) The compressor winding thermal cutout will opén if compressor is not receiving ade=-

quate cooling, head pressure is high, or voltage is low, Refer to the compressor
wiring diagram (fig 4-27), oL L,

‘
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Fig 4-27, Compressor wiring diagram,

(3) Motors. There are three motors in the air conditionér:. the compressor motor, the
condenser fan motor, and the evaporator fan motor, The following test procedures
apply to all motors,

3

(a) Disconnect the power supply to the unit and test the continuity across each combina=
tion of the motor terminals, Lack of continuity indicates an open winding,

(b) Place one contact uf insulation tester or megger, if available, agaiust the motor
housing and the other against one of the terminals of the motor, If the reading is
substantially below 1 megohm, the motor is grounded,

(4) Refrigerant solenoid valves, Test the valves as follows:

(a) Energize the valve and note if the valve clicks, If it féils to click, check the coil
" connection and the coil wiring. Replace or repair the wiring as required,

4
(b) Place your hand on the downstream piping from the valve; if the piping warms,  the
valve is opening properly, If the piping cools, the valve is not opening tully, Attempt
to free the valve by tapping the valve body, If this fails, refer to higher authority for
replacement of the coil or valve,

(5) Hot pas bypass solenoid valve, Energize the valve and place your hand on the down-
stream piping, If the piping warms up immediately, the valve is operating properly,
If the piping warms up slowly or fails to warm, check the coil connection and coil
wiring, If this fails to correct the condition, refer to higher authority,

(6) Evaporator expansion valve, A faulty evaporator expansion valve will result in over=
feeding or underfeeding the evaporator, ’

(a) Overfeeding the evaporator coil results in an abnormally high suction pressure and,
extreme cases, the carryover of lijuid to the compressor, The condition is usually
caused by an {.nproper expansion valve superheat adjustment or the remote bulb of
the valve not making good contact with the suction linz, Tighten the remote bulb
clamp and make certain that the full leagth of the bulb is contacting the bare suction
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line, If this fails to correct the symptom, the superheat adjustment of the valve
should be checked, Refer to higher authority,

(b) . Underfeeding of the evaporator results in an abnormally low suction pressure, The
) operation of the power element is tested in the following manner, .

Stop the .syst_em and allow the ruction line to warm up to room temperature.

=
o

152

Remove the remote bulb from the suction line and place it in a container of ice,

G
oo

Start the system.

Remove the bulb from the container and warm it in your hand; at the same time

feel the suction line, If a temperature drop is noticed, the power element is oper=
ating, If there is little change in the suction line temperature, the power element

is faulty and must be replaced, ° .

L

>

5., Refer to higher authority for power element replacement and for checking the valve
' superheat adjustment, 3

Caution: Do not allow lfquld to enter the suction line for any longer than is.
‘ necessary to check the operation of the valve, Excessive flood-
back will damage the compressor,

(7) System pressure test, Install pressure gages on the gage ports of the suction and dis-
charge diaphragm valves, Turn valves two turns to open, exposing gages to the sys=- =
tem pressure, Compare the gage readings with the normal ranges of system , ressures
shown in table 4-8. -

Table 4-8. Normal Operating Pressures-PSIG

OUTDOOR AMBIENT -~ DEGREES F

o

50 75 100 125

90° F DB RETURN AIR TO UNIT

Suctton 58 - 65 58 - 70 60 =75 75 - 80
Discharge 125 -'160 175 = 210 255 = 205 370 - 410

P

80°F DB RETURN AIR TO UNIT

Suction
Discharge

58 - 65 -
120 ~ 155

58 - 70
170 - 205

60 - 75
250 - 290

65 - 175
370 - 410

(8) Leak test, Check al! piping and connections with a halide leak detector, The halide
leak detector consists mainly of a small bottle of propane gas (sometimes alcohol)
with a burner, valve, and exploring tube, With the flame lit and adjusted slightly
above the top of the burner, the exploring tube is placed at the point of in3pection, A
sampling of air from this point will be drawn to the burner through the exploring tube,
If refrigerant is present in the air sample, the color of the flame will change; green=
ish tinge for small leaks and purple for large leaks, If any leaks are present, the con«
dition shall be reported o higher authority for correction and:;‘echarglng.

d, Repairs, Repairs and replacements of defective parts are limited to those covered in

the following paragraphs of this section, Repair and replacement beyond the scope of opera=
tional maintenance should be referred to maintenance personnel having the proper tools, equip-

ment, and information to perform the needed operations,
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(1) Heater thermostat, The heater thermostat is designed to cut out at 194° and auto-
matically reset at 140° F, If the switch becomes lioperative proceed as follows:

(a)
®)

(c)
(d)
(e)
(f)
()

Disconnect the power from the unit,

Remove all screws, flat.washers, and lockwashers securing the top cover panel
assembly to the casing, Lift the panel off the air conditioner,

Disconnect the switch from the heaters,

Remove thé two mounth;g scraws and switch,

Install the new switch and mounting screws,

Connect the switch leads®to the heaters as shown in wiring diagram,

Install the top cover panel assembly aﬁd gecure the panel with screws, flat washers,
and lockwashers. . ’

(2) Outside air thermostatic switch, Replace the outside air thermostatic switch as fol-
lows: - ’

(a)
®)
(c)
(d)

(e)

Remove the evaporator air intake grille and filter,
Remove the switch mounting screws, nuts, and flat washers, Remove the gasket,
Disconnect the switch leads and remove the switch,

Connect the leads and install the new switch and gasket on the casing, Secure with
screws, nuts, and flat washers,

Install the filter and intake grille,

(3) Control panel, Replace the control panel as follows:

(a)
(b)
(c)

(d)
(e)

(f)

(g)
(h)
(i)
()

Remove the front panel,
Remove the evaporator air intake grille and filter,

[.oosen the clamp screw and pull the thermostatic bulb from the clamp and into
compressor’ compartmant,

Disconnect the harness connector at the control panel receptacle,

Remove the screws, flat washers, and lockwashers securing the control panel to
the mounting bracket, Lift the panel from the bracket,

Install the control panel on the bracket : - 1 secure it with screws, flat washers, ard
lockwashers.

Connect the wiring harness to the contro. panel,
Install the bulb and tighten the clamp,
Install the air intake filter and grille,

Install the front panel,

(4) Selector switch, (See figure 4-28), Replace the selector switch as follows:

(a)

Remove the control panel as instructed in (3)(a) through (e) above.

\
~
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(b)
(c)
(d)
(e)
(f)

)
@)

Remove the control knobs, »

Remove the screws and nuts securing the control panel case to the mounting plate,
Partially separave the plate from the case,

)

Disconnect the wiring from the switch and remove the switch,

Install the switch in the case and connect the wiring, Make sure the wiring connec=
tions are correct. .

Install the mounting plate on the case and secure them with screws and nuts,
Install the control knobs,

Install the control panel as 1nsfructed in (3)(f) through (j) above,

(5)- Temperature control, (See figure 4-28), Replace the temperature control on the
control panel as follows: ’

(a)
()
{c)

(d)
(e)
()

®)
{h)
()

G)

S

Remove the control panel ((3)(a) through (e) above),
Remove the control knobs,

Remove the screws and nuts securing the mounting plate to the case, Partially '
separate the panel from the case, :

Disconnect the wiring from the temperatuve control,
IRemove the switch mounting screws and self-locking nuts, and remove the switch,

Install the switch on the mounting plate and secure it with screws and self-locking
nuts,

Connect the wiring to the switch,
Install the panel on the case and secure it with screws and nuts,
Ins:all the control knobs,

Install the contrul panel as instructed in (3)(f) through (j) above,

’
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CONTROL
PANEL CASE
 MOUNTING i
PLATE .
. { TEMPERATURE
CONTROL
e CONTROL MOUNTING
. @) SCREW AND NUT
! O
¢
TO {(GND)
™~T0 (WHT)
~~T0 (BL)
™~ 70 (R)
_ o [6)
® SELECTOR SWITCH

Fig 4-28, Control panel with case removed,
4-10, HORIZONTAL UNITS,

a. General, The air conditioners being procured for FMF application also include two hori-
zontal models as shown below in table 4~9, Maximum use is being made of EUHz power to the
exclusion of 400Hz power, The Marine Corps will make use of the skid~mounted, remote version
wHherever possible, as it is the easlest to maintdin and has the greatest degree of flexibility of

application,
. Table 4-9, Horizontal Units
NOMENCLATURE POWER  NOMINAL COOLING
R Air Conditioner, Marine Corps Std, Horizontal, 80Hz 9, 000 Btu/hr
MCOHALG6-208
Alr Conditioner, Marine Corps Std, Horizontal, 60Hz 18,000 Btu/hr
MC9HALSB~-208 . . ‘

Both horizontal units are constructed of durable, lightweight materials and are designed
° to meet military specifications for use on shelters, vans, compartments, and trailers in mobile,
portable, and transportable applications, They provide complete envircnmental air conditioning
(including cooling, heating, ventilation, dehumidification, and filtering),

b. Technical description, Both the horizontal models and the vertical models are designed
for economy of space and ease of movement, and for minimum power requirements, without
sacrificing maximum efficiency, reliability, or maintainability, All components are manufar-
tured to tnsure complete interchangeability with air conditioners of the same capacities. The
units are self-contained, air-cooled, and motor-driven. The compressors are herme‘ically
sealed and have a force-fzed lubrication system. Both the evaporator and the condenser are
constructed as compact, fin/tube heat exchangers, with lightweight aluminum fans, directly
connected to squirrel-cage, induction-type motors. Condensate drain pans are protected from
corrosion by a coat of nonabsorbent latex material. In the vertical models, pipe nipples are '
flush-mounted on each side of the drain pan to allow condensate drainage when the unit is tilted
in any direction. In the horizontal models, ccndensate is allowed to drain when the air con-
ditioner is tilted up to 892 from horizontal, in any direction. The evaporator sections are
insulated with foam rubber for protection against moisture condensation and to reduce external
heat gain to the unit. The control panel is designed so that it can be removed from the unit to
allow remote mounting of the air conditioner, Thermostatic control provides automatic heating
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and cooling modes. Two-stage heating is obtained with tubular, resistance-type heating elements.
The cooling mode utilizes a hot gas bypass system which permits the compreasor to run con-
tinuously, thereby avoiding voltage fluctuations due to frequent starting and stopping. Each
unit has an opening covered with a removable plate for interfacing (connecting) with an NBC

Jfilter unit. Both condenser and fresh-air openings in all units have a fine mesh screen to
prevent entry of insects, The condenser fan inlet and discharge openings are protected by
heavy-duty guards, Provision for admission of fresh air is provided for all operation modes
of all units. The flow of fresh air is controlled by an adjustable damper. The unit i8 con-
structed of a heavy gage aluminum external casing-with removable panels. This affords easy
access to unit components for maintenance and repair. The air conditioners are designed to
operate in excess of 4, 000 hours without major overhaul.

d. Horizontal models. The MC9HAL6-208 and the MC18HAL®3-208 were selected for FMF
applications requiring the air conditioner to be mounted either inside, through the wa.ll or
hung on the exterior wall of the application.

(1) Technical characteristics, ‘The following tables give some of the technical character-
istics of the horizontal model air conditioners,

Table 4-10, Performance Data

Model Electrical Cooling7 Heatin
Volts ] Hz | ©® ] Kw Btuh Btuh

MCHYHAL6-208 208 50/60 3 3.0 9, 000 7,000
MC18HAI.6-208 208 50/60 3 6,5 | 18,000 | 14, 300

Table 4-11, Dimensions and Weights

Model Length Width Height Weight
MCOHALSB-208 26 in 23,8 in 16 in - 200 1b -
MC18HALB-208 27.8 in 30 in 20 in 250 1b

”

(2) Initial service and installation. When unloading the air conditioner, be sure to usea
forklii't or handtruck that has-at least & 300-1b capacity. Keep the air conditioner
right side up during the unloading. If possible, unload the unit near the place it is
going to be inatalled. Remove the crate, being careful not to damage the air conditioner,
Inspect the entire air conditioner for signs of damage and loose or missing hardware,
Make sure that all wiring, lines, and tuuing are secure. Pay particular attention to the
evaporator and condenser coils and main power receptacle connectors. Make sure
that visible wiring and insulation is not frayed or broken. Check the evaporator and
condenser fan motnrs. Report all damage and defects to organizational maintenance.
Perform the services as listed below in table 4-12, Be sure all hardware is
securely in place.

"Table 4-12, Initial Checks and Services

Item to be inspected Procedure
IEvaporator outlet louver, Remove obstructions. Clean louvers, Tighten mounting screws,
Evaporator inlet louver. Remove obstructions. Clean louvers. Check for ease ¢f op-

eration. Tighten mounting screws,

Condenser cover. With cover rolled up for operation, check securing ties for
’ damage,
t'resh air inlet screen. Inspect for obstructions and loose mounting, Remove ¢bstruc-

tions, clean and tighten loose mounting screws,

Drains, Inspect drains for obstructiors. Remove obstructions,
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Table 4-12, Initial Checks and Services--contd

Item to be inspected Procedure
Condenser louver. . Check for loose mounting and damaged louvers,
:Condenser guard. Remove obstructions and clean guard.

{1 Controls. : Check for visual damage, Chgck operation of damper control,
Main power x-ecep_tacle Check for s.ecure power counection. Tigl.ten if neceé'sax‘y. o
connector, : '

Remember, when the air conditioner is shipped from the factory, it is assembled and

ready for operation (to include a full charge of refrigerant and compressor oil).

Install the unit on a firm, level surface to allow proper condensate drainage. The unit
should he installed in such a way as to permit easy access to it by operator and main-

tenance personnel. Make sure that obstructions are removed 8o that the unit will have
sufficient air. Base mounting hole dimensions are shown below in figure 4-29,

|—— B———C
(1 | ]

S S

I |

g
L
!

o . .

MODEL © A 8 c b £ : N

MCOHALG6-208 | 3/4-24UNF |11 374" 6" J163n6n] 41740

MC18HAL6-208 [3/8-24 UNF 3B 24 1/2"7] 2 3741 {17 97161 | 4 7/32¢

Fig 4-29, Base mounting holes.

Caution: For safe operation, connect a No. 10AWG (min) ground wire to ground con-
nection, :
Connect the main power cable. If air ducts are required, connect them also, mounting
an air filter in the ductwork if an evaporator return air duct is required. Justa

little word of caution here---if you operate the unit without filtration, the coils will
become clogged.

(3) Operation. The following 1ist of steps is a brief explanation of things to do to'put the
horizontal model air conditioners into operation and to shut them down. Refer to figures
4-30 and 4-31 for location of .controls.
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. TEMPERATURE SELECTOR

. CONTROL CIRCUIT BREAKER

3 6
2. EVAPORATOR FAN SPEED . 7. ALTERNATE POMER:
3. MODE SELECTOR CONNECTION
4. MODEL NUMBER 8. VENT CONTROL ACTUATOR
§. COMPR CIRCUIT BKR
Fig 4-30, Horizontal air conditioner, front view,
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FRESH AIR INLET
CCONDENSATE DRAIN PLUG
CONDENSER AIR INLET
CONDENSER AIR DISCHARGE

Fig 4-31, Horizontal air conditioner, rear view.




[for Cdoling
Step 1. Be sure condenser cover {8 rolled up.
Step 2, Lift tabs and open intake louvers.
Step 3. Turn vent control actuator to close damper door.
Step 4. “Turn temperature selector switch to furthest clockwise position {warmer). '
Step 5, Turn on control circuit'bréal_(er.

Step 6, Turn mode selector switch to VENTILATE and allow fan to reach full speed, then
: turn to COOL., )

Step 7. Adjust temperature $elector switch to degree of cooling des_ired.
Sten 8, Set evaporator fan speed switch to desired postion.

Step 9. Adjust air outlet louvers to direct airflow as desired.

e - " For Heating

Steps 1-3. Same as above,

Step 4. Turn temperature selector Switch to furthest counterclockwi_se position (cooler),
Step 5, Same as above, -

Step 6. Turn mode selector switch to LOW HEAT. Turn to HIGH if more heat is desired.
Step 7. Turn vent control actuator to open damper door.

Step 8. Partially close intake louver blades.

Step 9. Adjust temperature selector switch to desired qnclosure' temperature.

Step 10, Adjust air ovutlet louvers to direct airflow as desired,

For Ventilating

Step 1. Be sure condenser cover i8 rolled up.
Step 2. Turn vent control actuator to open damper door.
Step 3. Partially close intake louvers.
Step 4, Turn mode selector switch to VENTILATE,
To Stop Unit
Step 1. Turn mode selector swi_tch to OFF,
Step 2. Close intake louvers,

3

Step 3. Turn actuator to close fresh air vent damper.

Note: If the ufit is going to be shut down for an extended period of time, cover the con-
denser and evaporator grilles and disconuect the power cable.

(4) Maintenance. The principles and procedures covered earlier in the course apply, in
most cases, to the horizontal model air conditioners also, So, we will cover here
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some charts and precautionary notes and refer you to the pertinent TM {(TM 5-4120-
239-14 for the 8, 000 Btu units and TM 5-4120-243~14 for the 18, 000 Btu units) for a
more deteiled explanation to follow in maintaining or repairing the unit. Also TM-
4120-15/1A will provide help with the technical characteristics of our air conditioners,

Note: The evaporator fan and condenser fan motors are permanently lubricated by the
manufacturers and require NO additionsl lubrication. The compressor and com-
pressor motor are fully lubricated by the manufacturers and require NO additional
lubrication, . '

Table 4-13. Operator's Preventive Maintenance

T
2 —

Interval and sequence
- number :
1*em to be
Before During After inspected Procedure
operation | operation | operation ]
1 ' -- . 12 Evaporator outlet Remove obstructions, Clean louvers, Tighten
louver, mounting screws, . B
R _ 2 L= I D ¥ Evaporator inlet Remove obstructions. Clean louvers. Check
louv-r, ’ for eage of operation, Tighten mounting
screws,
3 -- Condenser cover. With cover rolled up for operation, check
v securing ties for damage.
4 ' -- 14 Fresh air inlet Inspect for obstructions and insecure mounting;
screen, Remove obstructions clean and tighten loose
) mounting screws,
5 .- 15 Drains. Inspect drains for ohstructions, Remove
) ) obstructions.
6 Co-- 16 Condenser louver. | Check for insecure mnunting and damaged
louvers.,
7 -- 17 Condenser guard, Remove obstructions and clean guard.
8 .= Controls. Check for visual damage. Check operation of
damper control. :
9 -- Main power re- Check for secure power connection, Tighten
ceptable connector.| if necessary. .
10 Liquid sight indi- Check for moisture and low refrigerant
cator. charge, Yellow indicates moisture, bubbles
or milky appearance indicates low charge.
11 Air conditioner Check for abnormal operation, vibration,
operation, unusual noise, failure to respond to controls.
18 Condenser cover. Check for damaged fasteners,

Table 4-14, Operator's Troubleshooting Chart

n\alfunction Probable Cause Corrective Action

1. Air conditioner fails to | a, Main power cable disconnected. | a. Connect power cable to receptacle.

operate. , o b. Control or compressor circuit b, Reset circuit breaker,
breaker in "OFF'" position.
c. Mode selector switch in "OFF" | c. Turn selecior knob to desired
position. ' operation.
2. Insufficient cooling. a., Mode selector switch impro- a. Set switch to COOL.

perly positioned.
b, Temperature selector switch b, Adjust setting to COOLER.
set incorrectly,

c., Insufficient air passing over c. Open evaporator inlet louvers.
evapgrator coil. Remove any obstructions from
evaporator inlet and outlet
louvers,
d. Too much outside air enter- d. Close or adjust damper door.
ing unit,
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Table 4-14, Operator's Troubleshooting Chart--contd

Malfunction Probahle Cause Corrective Action

e, Insufficient refrigerant in system.]e. Check liquid sight indicator,

f. Evaporator fan speed switch set |{. Reeet switch to high speed.
at low speed. _ :

g. Insufficient air passing through +-|g. Remove any obstruction from

¢condenser coil, condenser fan inlet and outlet,
L : " Make sure louvers are open.
3. No heator low capacity | &. Mode selector switch impro- a, Setswitch to LOW HEAT or
heat. perly, HIGH HEAT,
b, Temperature selector switch 1b. Reset switch.
set incorrectly.
c, Insufficient air movement over c. Remove any obstructions from
heater. evaporator air intake and dis-

charge louvers. Make sure in-
take louvers are open,

Table 4-15. Organizational Preventive Maintenance-Monthly Schedule

RfRequence Item to be
number inspected Procedures
1 Evaporator inlet and discharge louvers| Clean, inspect for damage, Replace if necessary,
%2 Air filter . Inspect and service or replace as necessary,
3 Condenser guard - Inspect and clean, Replace if damaged,
%4 Fresh air screen . Inspect and clean or replace as necessary,
5 Evaporator coil Clean and inspect.
6 -] Condenser coil Clean and inspect,
7 Condenser cover Inspect, clean, and repair or replace if damaged,
8 Housing covers Repair or replace damaged covers.
9 Fans : Check fans for damage. Check motors for evidence
of overheating. Replace damaged fans and motors.

10 Heaters Check for breaks in wiring and ingsulation. Tighten
.loose connections, _ '

11 Controls and instruments Check for damage to any controls in control mo-
dule. Replace defective parts or control module,

12 Junction box tomponents Check for defective relays and circuit breaker.

13 Wiring and electrical components Check for damaged or frayed wiring, Check for
defective electrical components, Repair or replace
defective wiring, Replace defective electrical
components.

14 Liquid sight indicator -Check for damage, .

15 Refrigeration system Check compressor, valvea, aud piping for damage.
Report damage to 3d echelon maintenance.

*Weekly instead of monthly

Table 4-18, Organizational Troubleshooting Chart

Malfunction Probable Cause Corrective Action
1, Air conditioner fails to | a. Main power cable disconnected. a, Connect cable.
operate,
b. Main power receptable connec- b, Replace connector,
) tor defective,
c. Loose electrical connections, c, Tighten connections.
d. Rotary selector switch impro- d, Turn selector switch to COOL
perly adjusted or defective, or VENTILATE. Replace a de-
fective switch.
e. Control or compressor circuit e.. Reset circuit breaker(s) or
breaker in OFF position or de- replace.
fective,
f. Defective phase sensing relay. f. Replate defective phase sensing
relay,
4-45

134




Tabl_e 4-18,

/.

Organizational Trdubleshoottng Chart-~contd

Malfunction

Probable Cause

~

Cor:rective Action

2. Insufficient cooling.

3. Evaporator or conden-
ser fan fails to operate.

4, Compressor will not
start.

.g.

h,
a,

b.

g
h.

i,
Js
k.
a,
b,
C,
d.

Defective control circuit trans-
former. .
Defective control circuit recti-
fier.

Mode gelector switch impro-
perly positioned.

Insufficient refrigerant charge.

Condenser coil dirty.
Evaporator return air filter
dirty,

Temperature selector switch
get incorrectly or defective.
Fresh air damper control set
incorrectly or incorrectly ad-
justed. : :
Defective compressor,

Evaporator outlet louver bent or
stuck in closed position.
Evaporator fan motor worn or
defective.

Evapcrator fan loose or defec-
tive. )
Evaporator fan motor thermal
protector defective.

Main power cable disconnected,
Defective fan motor,
Evaporator or condenser {an
defective or binding,

Defective condenser motor
thermal protector.

Defective evaporator fan motor
thermal protector.

Defective receptacle or plug
connectors.

Defective high-low condenser

* fan thermostatic switch,

Defective condenser fan relay.
Defective evaporator fan speed
control switch. '

Mode selector switch impro-
.perly adjusted or defective,
Compressor or control circuit
breakers or selector switch im-
properly set.

Contacts of high- or low-
pressure cutout switch open.

Loose electrical connections or
faulty wiring.

Open control circuit,

Defective circuit breaker,

Defective control transformer,
Defective rectifier.

Defective time delay relay.
Defective compressor relay.
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g.

a.
b.

c.
d.

Replace aefective transformer.
Replace defective rectifier.
Set switch to COOL.

Report condition to 3d echelon
maintenance.

Clean coil.

Clean filter,

Adjust setting or replace switch,

Check setting of control.
fresh air damper control.

Adjust

Report condition to 4th echelon
maintenance,
Repair or replace louver,

Report deficiency to 3d echelon
maintenance or replace motor.
Tighten or replace fan.

Replace thermal protector.

Connect cable.
Replace motor,
Relieve binding or replace.

Replace thermal. protector.
Replace thermal protector.

Réplace connectors or recepta-
cles. .
Replace thermostatic switch.

Replace defective relay.
Replace defective switch.

Replace a defective switch.

Reset éontrols properly.

Reset pressure switches. Report
deficiency to 3d echelon
maintenance if condition contin-
ues,

Tighten loose connections,
pair wiring if necessary.
Make continuity check of circuit.
Replace defective control or com-
pressor circuit breaker.

Replace defective transformer,
Replace defective rectifier.
Replace defective relay.

Replace defective relay,

Re-




[
<

Table 4~16. Organizational T.roubleshooting Chart--coatd

Malfunction Probable Cause Corrective Action

Defective starting relay or capa-| j. Replace defective capacitor or
citor (8ingle-phase compressor). relay. ' ¥
k. Defective phase sequence relay | k. Replace defective relay.

(three ‘phase compressor),
1, Defective or tripped compressor | 1, Allow unit to cool, Report de-

internal ‘temperature overload ficiency to 3d echelon main-
. switch, tenance if condition continues,
m, Defective compressor motor, m._" Check and report deficiency to

- 4th echelon maintenance if
motor is defective,

5. Compressor starts but | a, Condenser fan motor failure, a. Replace defective motor,
goes out on overload.’ b, High head pressure, b, Clean condenser coil and louvers.
- ° : Check fan for proper operation,

c. Defective or "tripped” com- = | ¢, Allow tnit to cool. Report de-
pressor internal temperature ficiency to 3d echelon main-
overload switch, tenance if condition continues,

d. Improperly adjusted or defective| d. Report condition to 3d echelon
refrigerant control valves, maintenance.

e. Evaporator fan speed switch set | e, Reset switch to high speed,
at low speed, -
8, Evaporator air output a, Dirty or damaged filter or lou- a. Z}Clean or replace filter, Clean

volume low. > vers,. or replace louvers as required.
b, Iced or dirty evaporator coil, b, De-ice and clean coil.
.| c. Defective evaporator fan, c. Replace fan,
d, Defective fan motor, d. Replace motor,

e. Evaporator fan speed switch set | e, Reset switch to HIGH speed.
at low speed. '

7. Condenser air output a, Dirty condenser coil or guard, a. Clean coil and guard,
volume low, . b. Defective HIGH-LOW conden- b. Replace switch,
¢ ' ser fan thermostatic 8witch,
. c. Defective condenser fan, c. Replace fan, °
d, Defective fan motor, d. Replace motor.
e, Air outlet louvers stuck in e, Free louvers and control cable.
clofed position, Adjust control or refer to 3d

echelon maintenance if actuating
cylinder is not functioning pro-

perly.
8. Air conditioner fails a, Selector switch improperly ad- a. Reset selector switch to LLO HEAT)
to heat, | justed, or HI HEAT,
b, Temperature control switch set | b, Reset switch,
incorrectly,
c. Dirty evaporator return air fil- | c. Clean filter,
ter.

d. Defective evaporator fan motor, | d. Replace motar.
e, Defective temperature selector e. Replace defective switch,
switch or mode.selector switch,

: f, Defective heaters or wiring, f. Tighten connections and repair
N . damaged wiring. Replace defec-
tive heater.
g. Defective heater relay. g. Replace defective relay.
h, Defective heater high tempera- -| h. Replace defective thermostatic
" ture cutout thermostatic switch. switch,
9, kxcessive noige, a, Evaporator or coudenser fan, . a, Tighten fans on shafts, Tighten
all mounting screws,
b, Evaporator or condenser fan b. Replace worn or defective motor.

motor worn or defective,
c. Compressor knocks or chatters,| c. Stop air conditioner and report
condition to 3d echelon main-
tenance.
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Table 4-17, Field Maintenance Level Troubleshobting Chart

Malfunction

Probable Cause

Corrective Action

Ca>

Compressor will not
start, . c

El -~
-

Compressor_starts but
goes out on overload,

Little or no heating
capacity.

Insufficient cooling.

Low suction pressure.

Low discharge.

[.ow suction and dis-
charge pressure.

High suction pressure,

e,
£
a,
b,
c.

f.
g.

a.

s

Open control circuit.

Defective circuit breaker.
Defective starting relay or ca-
pacitor (single-phase compres-
sor), '

Defective phase sequence relay
(three-phase compressor).
Defective high- or low-pres-
sure cutout switch, .
Defective compressor motor or
"thermal protector,

Defective compressor run capa-

citor (single-phase compressor), |’

Defective compressor,

L.oose electrical connections or
faulty wiring, ’
Defective temperature selector
switch or mode selector switch,
Defective heaters.

Defective heater high tempera-
ture cutout switch,

Defective heater relay.
Defective evaporator fan motor,
Low refrigerant charge,
Dehydrator clogged,

Pressure regulator valve de-
fective,

Air in refrigerant system,,
Thermal expansion valve de-
fective,

Defective solenoid valve,
Defective,quench thermal ex-
pansion valve,

Defective thermal expansion:
valve,

"Dehydrator clogged or defective,

Pressure regulating valve de-
fective.

Compressor not pumping due to
defective compressor, .o
Defective high-low condenser fan
thermaqstatic switeh.

L.ack of refrigerant.

Defective thermal expansion
valve.
Defective quench thermal expan-

» gsion valve,

Defective therinal expansion

valve.

Defective pressure regulator
" valve,

e,

-

a,

b,
a,

e,
f.
a.

b.,

C,

Make continuity check of control
circuit,

Replace circuit breaker,
Replace defective capacitor or
relav, :

Replace. defective relay,

Replace detective switch.
[}

Replace compressor.

Replane capacitor,

Replace compressor,
Check wiring and repair if
necessary.

Replace defective switch.

Replace defective heaters,
Replace defective thermostatic
switcy ¥

Replace defective heater relay,
Repair mgqtor.

Charge. refrigerant system,
Replace clogged dehydrator,

R :place defective valve,

Purge and charge system,
Replace defective valve,

Replace defective solenoid valve,
Replace defective valve,

Replace defective valve,
Rembve restriction or replace
dehydrator.

Replace defective valve,
Replace defective compressor,
Replace defective switch,

Check sight glass for bubbles or
milky appearance and check sys-
tem for leaks. Repair leaks and
add refrigerant as necegsary.
Replace valve. '

Replace valve,

Replace valve,

Repiace valve,




Table 4-17, Field Maintenance Level Troubleshooting Chart--contd

Malfunction Probable Cause Corrective Action -
3, High head pressure, a. Overcharge of refrigerant. . a, Discharge refrigerant as neces-
_ ) sary.
b, Condenser coil dirty. b, Clean coil,

c, Defective condenser fan motor, c. Repair motor.
d. Inoperative or itnproper adjust- | d. Adjust and clean as necessary.

ment of condenser louvers or Replace inoperative components,
actuating mechanism, '
e, Compressor defective. e. Replace defective compressor,
; f, Quench thermal expansion valve f. Replace defentive valve,
defective.
- Note: The cause for a system's failure to operate can be determined much easier if the

control which caused the failure can be isolated. It is the function of safety devices
io opén the circult under certain conditians; therefore, additional checking may be
requir'ed to determine whether the device is open because it i8 detfective or because
it is performing its designed function. The following steps contain instructions for
checking th? control circuit.

Step 1, Disconnect power from air conditioner.

Step 2. Test the continuity across each control in the affected circuit with a ohmmeter,
using the schematic as a guide, Check the wiring diagrams for connections,

Step 3., Replace defective parts,
Warning: Avoid bodily contact with liquid refrigerant and avoid irhaling refrigeirant gas.
Be especially careful that refrigerant does not come in contact with tke eyes,
In case of refrigerant leaks, ventilate area immediately.
As stated earlier, detailed explanations for maintenance and repair of the horizontal
N model air conditioners are found in TM 5-4120-239-14 (9, 000 Btu) and TM 5-4120-243-14
(18, 000 Btu). Be sure and follow the instructions therein carefully.
4-11, GENERAL SAFETY

A, General, In chapter two we discussed safety and first aid when working with refrigerants,
But safety 1s something that an air-conditioning mechanic must never forget,

b, Electrical equipment, The Marine air-conditioning mechanic works with electrical
equipment that has high voltage, Disconnect the power source when servicing .r maintaining
your eqiapinent, Insure that your equipment is grounded. Do not wear metal bracelets, etc.
when working around electrical gear,

c, Operating equipment. When you are working around equipment that is operating, you
should make sure that all guards have been installed on the machine, Do not wear locue cloth-
ing around operating machinery, Do not tolerate any horseplay in the workshop,

d. Cleaning, Use only approved solvents and methods for cleaning cordensers, etc, Do
not use steam on condenser coils, If any solvent gets on skin, wash immediately with a mild
soap and flush with plenty of water, Seek immediate medical attention if solvent gets in your
eyes or if you should happen to swallow snme, :

e, Cleanliness. Remember to keep your tools clean and your work area uncluttered. A
greasy tool can slip and cause an injury to yourself or fellow workers, Keep oily rags in a
covered metal container that is used for this purpose only. Cigarette smoking is a bad practice
anywhere but especially in the workshop, Smoking should not be permitted in the workshop,
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f. First Aid. Immediate medical attention is the best first aid that caa be administered,
but most of the time this is not possible. Prompt {28t aid by a fellow worker or yourself might
be the difference in saving the life of a Marine,
(1) Artificial respiration, If electrical shock should occur, the victim’s breathing will
~ sometimes stop. Artificial respiration using the mouth to nose method, or the chest-
pressure arm lift method must be given, If the victims heart stops, then closed-chest
massage must accompany the artificial respiration, Your Marine Essential Subjects
handbook gives detailed instructions on artificial respiration and heart massage, in
the first aid section, :

(2) Bleeding, Uncontrolled bleeding will cause death or shock, The b‘feeding may be
controlled using a bandage dressing and applying pressure, Use a tourniquet if all other
methods of controlling bleeding fail, Again refer to your Marine Essential Subjects
handbook for instructions, '

(3) Shock, Shonk can result from any type of injury. Keep the victim breathing, heart beat~
tng, and control bleeding if any. Elevate the feet 6-8 inches if the victimn is conscious,
Reassuring talk is very beneficial, Refer to Marine Essential Subjects handbook for
further details. : .

(4) Medical Attention, Inany serious accident where the eyes are Involved or something is
swallowed, get prompt medical attention,

4-12, SUMMARY

In this chapter you have learned the proper procedures for installing window or through-
the-wall units, You learned that before doing anything you must firsi visually inspect the units
for any apparent damage or malfunction, Window units vary in capacity from 4, 000 to 40, 000
Btu's per hour, We also covered console units, a complete system mounted in a single cabi-
net. These units can be found in small clubs, PX's, messhalls, and restaurants,

This chapter covered remote uniis, which are located away from the space that is to be
air conditioned, Troubleshooting was also covered. Always remember to consult the manu-
facturer's instructions when troubleshooting, Remember that each unit is used for a specific
purpose and a specific set of cooling circumstances. . The Marine Corps Military Standard air
conditioners has been ¢overed, the differences in models, the operational theory, also the heating
and cooling capacities (remember these units have two ranges of heat), Installation of these
units was covered. Remember the installation will be determined by the requirements and -
space li.nitations. As a air-conditioning mechanic, you should always insure that the unit is
capable of the designated job pefore attempting any repairs that may not help the unit or system
1o accomplish the job, Remember that the Marine Corps doctrine stresses the use of 60 Hertz
power over 400 Hertz and the skid mounted, remote version of the vertical air condition2r
wherever possible, Safety and first aid were briefly covered. It should be remembered
that a good source of information covering first aid is the Marine Essential Subjects handbook
which all Marines should have and read. ,

.S, GOVERNMENT PRINTING OFFICE: 1982-0-381=318/536
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11.15b

UNI!TED STATES MARINE CORPS
MARINE CORPS INSTITUTE, MANINE BARRACKS
’ ' BOX 1778 '
WASHINGTON, D.C. 20013

AIR-CONDITIONING MECHANIC
Course Introduction -

AIR-CONDITIONING MECHANIC is designed to provide you ‘ih a general background of
air conditioners and air-conditioning systems including: theory, operational procedures, instale
- lation, servicing, and limited repair of these units and systems, This course will arsist Cor-
. porals and below in MOS 1161 in bécoming better qualified air-conditioning mechanics,. The .
course will provide theoretical knowledge to back up practical experience in the field.

. ORDER OF STUDIES "
Reserve
Lesson Study Retirement s
Number Hours _ Credits - Subject Matter .
1 2 0 Principles of Air Conditioning
2 4 2 Refrigeration Components as Applied to Aire-
Conditioning Equipment
3 4 1 Servicing Air-Conditioning Systems
4 3 1 Commercial and Tactical Air-Conditioning Units --
2 1 FINAL EXAMINATION
15 5
EXAMINATION; Supervised final examination without textbook or notes; time limit, 2 hours.
MATERIALS: MCI 11,15a, Air-Conditioning Mechanic
Lesson sheets and answer sheets,
RETURN OF Students who successfully complete this course are permitted to keep
MATERIALS: the course materials.

Students disenrolled for inactivity or at the request of their commanding
officer will return all course materials,
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UNITED STATES MARINE CORPS 11,15b
MARINK CORPS INSTITUTE, MARINE BARRACKS -
: 80X 1778 -
WASHINGTON. D.C. 20013

AIR-CONDITIONING MECHANIC
T.esson 1
Principles of Air Conditioning

STUDY ASSIGNMENT: Information for MCI Students,
. . Course Introduction. .
MCI 11,15b, Air-Conditioning Mechanic, chap 1.

. LESSON OBJECTIVE:. upon successful completion of this lesson you will be able to identify
the components of air and their effect on air-conditioning equipment
and its design. You will be able to identify basic refrigeration theory
and its application to air conditloning. You will be able to identify the
correct methods of converting temperature from Fahrenheit to centi-
grade and vice versa. You will be able to identify sensible, latent, and
total heat of air. You will be able to deterniine the correct procedures
for obtaining wet-bulb, dry=bulb, and dew-point temperatures. You will
be able to use a psychrometric chart for determining the properties of .
air from wet=- and dry-bulb temperature readings. You will be able to
identify the instruments that are used to measure air velocities within an
air-conditioning system.

WRITTEN ASSIGNMENT:

A. Multiple Choice: Select the ONE answer which BEST completes the statement or answers the
question,” After the corresponding number on the answer sheet, blacken the appropriate box.

Value: 1 point each

1. What is the main purpose of the air' conditioning equipment used by the military?

a. To provide comfort for troops _
b. To control humidity in areas where delicate equipment is used and/or stored

c. To control the environment in areas where troops and/or equipment work and operate
d. To remove dust and foreign matter from the air ‘

2. Heat is produced in a substance by

a. slowing the molecular action,

b. increasing the molecular action.

c. increasing the substance's size.’

d. lowering the substance's resistance.

3. What is sensible heat?

a, Heat that causes a change of state

b. The amount of heat required to change the temperature of 1 pound of a substance 1° F
c. Heat that does not change the temperature of a substance

d. Heat that can be added to or subtracted from a substance without changing its state
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4, What is specific heat?

a. Heat that is hidden

b. Heat that raises or lowers the temperature of a substance

¢, The quantity of heat

d. The amount of heat required to change the temperature.of 1 pound of a substance 1*. F

5, How many Btu's are required to raise the temperature of 15 pounds of iron from 35° to

81°F? .
a, 89- ol . C, 89. 010
b, 72.315 - d, 98.101

* 6, How is a Btu defined?

a. The amount of heat required td change the temperature of 1 pound of copper 1°° F
b, The amount of heat required to change the temperature of 1 pound of water 1° F -
¢, The amount of heat required to melt one pound of ice

d, The amount of heat required to boil one pound of water

7. How much heat must be added to 75 pounds of water to raise its temperature from 45° to

60° F?
a, 1255 Bty c. 1125 Btu
b. 760 Btu d. 2511.82 Btu

b

8. Heat transferred from one part of an object to another pért of the same object i8 known as

- -a, convection, C, transitlon.
b. conduction. d. radiation.

9. To best aid heat transfer by convection you would use

a. large heating surfaces, , c. light background.
b, dark background. d, fans or blowers.

10. Heat transfer that is accomplished through the use of heating coils and a reflecting surface

is called
a. conduction. c. radiation.

b. reflection, - " d. convection.

11, What instrument is used to measure the temperature of a substance ?

a. ks 'chromneter c. Anemometer
b, Thirmometer d, Barometer
12. On the centigrade scale, water will boil at degrees.
a, 100 c. 212
b. 180 d. 275
SN
§
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13. Convert 41° C into Fahrenheit.

a, 5° . c. 22,77
b, 16,5° d. 105.8°

14, Convert 46° F into centigrade.

a, 1.7° . . c. 57.5°
b, 25,2° d. 82.8°.

15. What is standard atmospheric pressure?

a, Opsia . c, 14,7 psig
b, 14.7 psia d. - 34 psig

16. Standard atmospheric pressure will support & column of mercury of . inches.

a, 34 ) : : . c, 23,99
b, 29,92 d. 14,7

17. Normally, g you take a pressure rehding with a gage, the pressure you read will be

a, - above atmospheric pressure. c. absolute pressure.
b. below atmospheric pressure. d, 1in inches of mercury,

18, What is the absolute presgure when the égge readiné is 23 psi?

a, 8,3 psia ) c. 37.7 psia
b, 23,7 psia d, 65,3 psia

19. What is used to counteract the effects of weather and heat gain or loss td equipment and
personnel?
a, Refriéeration equipment c. Fans "
b. Air-conditioning equipment " d. Blowers

20, Filtration that is accomplished by forcing air through a spray chamber or a screen of water
is called filtration.

a, wet c. electrostatic
b, air wash d. centrifugal

21, What is the difference between a wet filter and a dry filter?
a, Water is circulated through a wet filter,
b. The air is forced through a screen of water in a wet filter.
c. A wet filter is coated with a viscous material,
d. A wet filter is kept coated with moisture that is removed from the conditioned air.

22. Porous materials such as hemp fibers or steel wool (without oil coating) are used to
construct -type filters,

a. dry c. electrostatic
b. wet wash d. centrifugal

23. Which types of filters can be disposable?

a. Electrustatic and wet c. Air wash and dry
b. Centrifugal and dry d. Wet and dry
11,15
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25,

28,

Water vapor present in air i8 the air.

a. dissolved by c. separate from
b, absorbed by ) - - d. mixed with
What is the temperature relationship between any water vapor present in air and the air

itself?

a. The water vapor is cooler than the air
b, The air is cooler than the water vapor
¢ The air and the water vapor are the same temperature

‘What begins to happen when air reaches its dew-point temperature ?

a. The air becomes dry
b. The water vapor condenses
¢. The water vapor is absorbed by the air

" .ds The air dissolves the water vapor

27,

28,

29,

30,

31,

11,15
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Air that contains all the water vapor it can possibly hold is said to be at its

a. condensation point, ' c. lowest humidity point.

b, dew point, d, freezing point,

The amount of moisture contained in the air at its dew point varies with the air’s
a. temperature, ' ¢, total heat only.

b, saturation point. d. latent heat only.

What is required for water vapor to condense directly to the solid state?

a. An air temperature at or below 32° F

b, A water vapor at or below 32° F

c. A spurface at or below 32° F

d. Finely subdivided drops combined into liquid form

What is the sensible heat of air?

a. The heat of the moisture in the air

b. The heat that i8 measured with a wet=bulb thermometer
c. The heat of dry air

d. The dew pointof air

The three temperatures that are considered in air conditioning are

a. wet~bulb, dry-bulb, and sensible,

b, sensible, deww~point, and dry-bulb.
c. dew.point, sensible, and wet-bulb,
d. wet=bulb, dry-bulb, and dew~point.

-~
-
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32. What will a wetebulb thermometer measure?

a. The sensible heat of the air

b. The latent heat of the air

c. The ability of the air to absorb moisture

d. The amount of sensible heat minus the latent heat of the air

33. What is the dew=point temperature ?
a. The sum of the latent and sensible heat of the air .
~ b, The amount of moisture in the air

c. The temperature where air can absorb more moisture
d. The temperature at which condensation begins

34, If the wet- and dry bulb temperature readings are 75° F, what will the dew-point temperature be?

a, 55°F e. 175°F
b, 65°F : d. 85°F

35, The science that deals with air and water vapor mixtures is called

a. hygrology. c. hygrometry.
b. psychrometry, d, hygrostatics.

Note: Items 36 through 38 are based on the following situation:
_ Assume that your sling psychrometer readings were 90° F dry-bulb and 750 F wet-bulb
Using the psychrometric chart, find:

' 36, Relative humidity (percont)

a. 90 T . 53
b, 176 d, 48

-

37, Dew point

a. 67°F ' e, T2°F

b, 70°F d, 75° F
38. Cubic feet per pound of dry air "

a, 12,62 c, 15,86

b, 14,17 d, 16,41

Total Points: 38

11,15
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UNITED STATES MARINE CORPS : . 11,150
MARINE CORPS INSTITUTE, MARINE BARRACKS *
BOX t778
WASHINGTON, D.C. 20013 -

AIR-CON_DITIONING MECHANIC
I.esson 2

Refrigeration Components as Applied to
. Air-Conditioning Equipment

%

STUDY ASSIGNMENT: MCI 11,15b, Alr-Conditioning Mechanic, chap 2.

LESSON OBJECTIVE:  Upon successful completion of this lesson, combined with on-the-job
‘training using the principles p: esented, you will be able to: identify the
procedures involved in installing, operating, and maintaining an air-
conditioning system and accessory material; ‘recognize the general
nomenclature of the components of an air-conditioning system and deter-
mine the functions of the various components, parts, and accessories there=
of; determine the characteristics of refrigerants and identify the methods
of proper storage and handling of refrigerants;- and recognize the symp-
toms of overexposure to refrigerant gases and the first aid methods to be
used to counteract the effects,’ :

WRITTEN ASSIGNMENT:

A, Multiple Choice: Select the ONE answer which BEST completes the statement or answers the
question., After the corresponding number on the answer sheet, blacken the appropriate box.

Value; | point each
1. What purpose does the compressor in an air-conditioning system serve?

a. Acts as a pump to move the refrigerant throughout the system,

b, Removes the refrigerant gas from the evaporator, compresses it, and moves it on to the
condenser,

¢. Regulates the running time of the system,

d. Insures a constant and steady pressure throughout the system,

~

2, The operational cycle of a reciprocating compressor is very similar to the operational cycle

of a(an) o
a. gasoline engine, c. turbine engine.
b, electric motor. d. steam-driven motor.

3. When does the refrigerant vapo.- enter a reciprocating compressor?

a, On the downstroke of the piston
b. On the upstroke of the piston

€. When the revolving blade moves tc allow the inlet to be unobstructed

d. When the enlarged portion of the eccentric is directly opposite the inlet port

4. In a rotary comrg ressor that employs rotating blades, gas is kept from cscaping back to the
inlet side due to extremely close tolerances between the blades and the cylinder walls and the

presence of

a. lubricating oil. c. a sliding barricer,
b. spring-loaded valves, d. liguid refrigerant.

143
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Which compressor employs a spring-loaded blade te separate the suction and exhaust ports?

a, Stationary-blade rotary compressor ¢, Reciprocating compressor
b, Rotating-blade rotary compressor d. Centrifugal compressor

Which type of compressor is equipped with a step-up gear train?
a, Reciprocating Lo b. Rotary c, Centrifugal

Self-contained military air-conditjoning systems usually use —-type compressors,

a, open b, sem..-sealed ¢. hermetic

Although hermetic compressors eliminate many maintenance problems, one major problem
that exists is : ,_\,"ijﬁ , .

a. lubrication. a c. heating.
b. charging, "+ 'y d, cooling,

What is the function of a condenser in an air-conditioning system?

a. To convert low=-pressure gas into a high-pressure gas

b. To convert low=pregsure gas into a low=pressure liquid
c. To convert high-pressure'gas into 8 high-pressure liquid
d. To convert high-pressure gas into . low=~pressure gas

How does the condenser aécompiish condensation of the refrigerant vapor?

a. By removing the latent heat of condensation
b. By adding the latent heat of condensation

c. By reducing the ambient temperature

d. By increasing the ambient temperature

How is the air surface of a static airflow condenser increased?

a, By increasing the amount of airspace between the parallel tubes

b, By decreasing the distance between the parallel tubes .
c., By using equally and closely spaced fins

d. By using widely spaced fins

Which type of condenser eliminates the need for a receiver in an air-conditioning system ?

a., Tube-within-a-tube c, Static airflow
b, Shell-and-tube ‘d, Forced convection

The counterfiow method of condensing the refrigerant vapor is employed in the
condensers.

a., tube-within-a-tube c, static airflow
b. shell and tube d. forced convection

What is the purpose of a receiver?
a, To temporarily store high-pressure liquid refrigerant until it i8 needed by the system
b, To temporarily store high-pressure refrigerant vapor until it is needed by the system

c. To store the refrigeration oil
d. To store the lubricating oil

p. 2

149



15, The sight glass or tubular glass gage mounted on the receiver is used to determine the

a. amount of moisture in the system.

b. 1level of lubricating oil in the system,

c. height of the liquid level in the receiver.
"d. state of the refrigerant charge,

16. The device within an jair~conditioning system in which the refrigerant boils and absorbs heat
from the surrounding environment is the

a. condenser, C. receiver.
b. "heat exchanger, B . d. evaporator,

17. Which evaporator is8 mogt commonly used in air=conditioning systems?

a. ’Flodded-direct-expansion-type' c¢. Shell-and~tube.

5 b. Dry-expansion-type d. Flooded shell-and-tube
18. What type tubing is used for the lines in an air-conditioning system using ammonia as its re=
. frigerant? .
(AN
a. Soft copper tubing c. Aluminum tubing
b. Hard-drawn copLer tubing d. Thin-wall steel tubing
19, How ghould copper tubing be kept during handling and storage to keep it free from dirt and
moisture? _ _ <
LT In a dirt-free storage area . ) .
ey b. The ends should be crimped or capped
Y c. Inaw 'l-ventilated storage room
s d. No special precautions are necessary
, N
20, When installing tubing in a system, horizontal loops are. used to prevent excessive
a., air surface, c. heat loss.
b. vibration, d. liquid flow.
21, Which type copper tubing requires the use of braces and clamps?
a. Short lengths of aluminum tubing c¢. Hard-drawn copper tubing
*b. Thin-wall steel tubing d. Soft-drawn copper tubing
22. Flare-type fittings are usually used in conjunction with what type tubing? .
a, Hard-drawn copper tubing ¢. Alumiaum tubing
b. Soft=drawn copper tubing d. Small diameter thin-wall steel tubing
23. What should be used in conjunction with hard-drawn tubing to make it conform to system
requirements?
a. Solderless fittings . ¢. Hand bending set ’
b. Solder-type fittings *ds Mechanical benders
-‘ '.
24, Why are strainers used in an air-conditidning gysteia?
a. To remove moisture from the system
b. To remove dirt and foreign matter from the system
¢. To separate the lubricating oil from the refrigerant
d. To control the liquid flow in the liquid line
¢
11. 15
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Dehydrators are used in an air-conditioning system to remove

a. moisture. c. foreign matter.
b, dirt. d. scale.

Strainers are placed in each end of a dehydrator to prevent
a. moisture from entering the system.

b, moisture from entering the dehydrator.
c. the drying agent from entering the system.

- d. liquid refrigerant from entering the dehydrator.

‘217,

28,

30,

a1,

33,
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A dehydrator should never be replaced with one that is the original.

a. the same size as ) ’ )
b, smaller than
c. larger than

Bubbles in the liquid sight glass could indicate that a system is

a, undercharged. c. operaving correctly.
b. overcharged. d. on the defrost cycle,

The liquid sight glass in an air-conditioning system is used to check the refrigerant and to
determine the .

a. condition of the charge.

b, moisture content of the refrigerant.

c, foreign matter content of the refrigerant.
d. , oil level in the refrigerant.

Fusible metal plugs are installed in arn air-conditioning system to serve as

a, drain plugs for the receiver.

b. cleening plugs for water-cooled condensers.
c. high-pressure~-reiease safety devices.

d. low=pressure safety devices.

Why are heat exchangers employed in an air-conditioning unit using an expansion valve as its
metering device?

a. To prevent premature *'gassing off** of the lquid in thé lquid line

b. To prevent the suction gases from condensing

¢. To maintain a sperific desired temperature level in the receiver

d. To warm the liquia line and maintain its temperature at a specific level

Service valves are used in a system to accomplish repairs, purge or charge a system, install
service gages or special controls, and

a, isolate one part of a system from the rest of the system.
b, aid in reducing compressor load.

c. prevent moisture from entering the syste .

d. control the refrigerant gasg entering the compressor.

Which type of valve can be fitted with a tube and used as & draw-off valve for the receiver?

a. Two-way c. Relief
b, Three-way d. Regulating
p. 4
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‘ 34, Which type valve is usually used as a compressor service valve?

a. Two-way - . c. Automatic
b, Three~way . d. Single action

35. In order to remove the compressor from a syutem, in what position must the valve stem of
the suction and discharge service valves be?

a, Turned all the way out
b, Turned to the middle position
¢. Turned all the way in

36. Which valve is installed on receivers to prevent damage to the system from high preséure’?

a. Check _ ¢. Three-way gervice
b, Relief d. Four=way service

37. What type of valve is installed in a system to insure refrigerant flow in one direction only?

a., Regulating ~ ¢, Line-check
b. Gate d. Globe ?

38. The refrigerant metering device that operates on low pressure and malntains a constant-
evaporator pressure is aan)

. automatic-expansion valve, c. float valve.
b. thermostatic expansion valve, d, capillary tube.

39, What would happen if a system were equipped with a 1-ton compressor and an automatic-
expansion valve of 3/4-ton capacity?

8. The refrigerant would become a gas in the liquid line, causing the compressor to stop.
. b, Liquid refrigerant would get into the suctiof line, causing possible damage to the com-
pressor,
c. Not enough refrigerant would be allowed to enter the evaporator, causing the compressor
to overwork,
d, The suction line would frost or sweat and liquid refrigerant would be allowed to enter the
compressor, '

40, How does a thermostatic expansion valve control the refrigerant flow into the evaporator ?

a, By a pressure/teinperature difference between the evaporator and the condenser
b, By'a pressure difference between the evaporator and the valve

c. By a temperature difference between the high and low side of the evaporator

d. By a pressure temperature difference between the thermal bulb and the evaporator

41. Where should the thermal bulb of the thermostatic expansion valve be located in an air-
conditioning system?

a, At the inlet side of the svaporator

b. Attached to the suction line at the outlet of the ev.porator

c, Attached to the center of the evaporator on the air discharge side
d. Attached to the liquid line before the expansion valve '

42, What is the most important thing to remember about a capillary tube?

a, Its spray action

b, 1Its throttling cr reducing action

¢. The fact that most of its length will be coiled
d. The length and diameter of the tube

11,15
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What type solenoid velve i8 used extensively in heat pumps to open or close several borts?

a, Two-way . ¢, Four-way
b, Three-way d. Single action

A 2-way solenoid would be used to control refrigerant flow in

a. two separate lines, c. one line only.
b. two separate directions. d. several lines, but flow in one direction.

The differential of a control is defined as:

a. 'The axis around which the control knob rotates.

b. The difference in temperature or pressure, between the cut- -in and cut-out points of a control,

¢. The difference between the operationa: range of a control and the boiling point of the re=
frigerant.

'd. The operational range of the control,

The total amount of pressure or temperature over which a control can operate is the control's

a. range, ¢, cut-in,
b, differential. d. cutout.

A low-pressure cut-out will allow the compreseor to 8tart whenever the pressure

a. rises above a predetermined point,

b. falls below a predetermined point.

¢. remains within the pressure range of the control.
d. remains within the differential of the control,

A low-side pressure control is a throttling valve that is used to

a. reduce the condensing pressure,
b. maintain a constant pressure in the receiver.

‘c. maintain a constant pressure in the evaporator,

¢, increase the suction pressure.

A high-pressure cutout is a safety device which will stop the compressor whenever the
pressure becomes excesslve.

a, condensing ) c. high side
b, evaporator d. head

Which control operates on the difference between the pressures in the low side of the system
and the oil pump discharge?

a, Low-pressure cutout c. Dual<pressure control
b. High-pressure cutout d. Oil-failure cutout

Temperature controls differ from pressure controls in that along with a bellows .. diaphragm,
they also employ a

a. thermal bulb, c¢. high=-pressure cutout,
b, mercury switch, d. float valve.
p. &
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Magnetic acron-the-une starters consist of two electrical circuits. They are the
circuit and the circuit,

a, power=--heater o ¢. power=~control
b. control-~holding - d. control--overload

When tirst obtaining a magnetic acrou-the-une starter, which part (8) is (are) not usually
included?

a. Lower contact points c. Overload contact points

- b, Holding coil d. Heaters

- b4,

55.

56.

57,

" 58,

59,

Which type control is used on air-conditionlng units and systems to prevent the evaporator

.coil from freezing?

a. Temperature ‘ ¢, Low=-pressure
b. Defrost : d. Dual

Which type motor is easily identifiable by a hump located on top of the motor ?

<

a. Split-phase . _ ¢. Polyphase.
b. Shaded=pole d. Capacito.

Which type motor would be found operating a small fan, blower, or pump?

a. Split-phase c. Polyphase ’

b. Shaded=pole d. Capacitor
Which type motor rotor has no insulation, brushes, sliprings, or commutator?

a. Slip-ring polyphase ¢. Capacitor=start
b. Squirrel-cage d. Split-phase

Refrigerants in common use today are affected by pressure and temperature in a manner
similar to

a. gasoline, ' C. mercury,
b, water, . d. bottled gas.

What relationship must exis. Lc*ween a refrigerant’s normal condensing temperature and
pressure'and its critical temperature and pressure?

a8, The critical temperature and pressure should be exactly the same as the normal condens-
ing pressure and temperature,

b. The critical temperature and pressure should be well below the normal condensing tem=~
pecrature and pressure,

¢. The critical temperature and pressure should be well above the normal temperature and
pressure,

. do The normal condensing temperature and pressure should be well above the critical tem-

perature and pressure.

60. Which refrigerants are most commonly used in the Marine Corps today ?
a. Ammonia, F-114,and F=12 c. F-12, F-22, and methyl chloriu
b, =12, F-22, and ammonia d. Ammonia, methyl chloride, and ' -502
61, Which refrigerant boils at =21, 7° F?
a. F-12 c. F-114
b, t'=22 d. Ammonia
11,15
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62. F=22 boils at degrees Fahrenheit.

a. =21.7 c, =32,7
bt -28 da -40

63. \i(hich material would NOT be used in a system that uses F-12 as its refrigerant?

a. Copper _ c¢. Neoprene
b, Stainless steel . ' d, Natural rubber

64. The most dangerous of the commonly used refrigerants used in the Corps today is

o a, ammonia. ' 'c. =22,
- ba F-lza d. F‘114.

65. Agents such as air, water, and brine are examples of refrigerants.

“a. primary - c. perfect
b, secondary : d. natural

66, Which statement about secondary refrigerants is NOT true?

a. They are not, in themselves, refrigerants.

b, They must be cooled and then circulated around or over an area to be cooled.
c. They can be used in the primary system.

4, They must be used only in the secondary system,

67. All compressed gas cylinders used by the Corps to package ref: igerants are manufactured
under specifications as set forth by '

a, HQMC. e, ICC.
b, DOD. d., SEC.

68. All compressed gas cylinders are essentially the same except those that are used for

a. refrigerants. c. oxygen.
b, propane gas. : d. acetylene.

89. Cylinders containing F-12 and F~-22 are painted what color?

a, Brown . ’ c. Green
b, Yellow . d, Orange.

70. Where would you find the name of the gas stenciled on a cylinder?

a. On the cylinder body, along the longitudinal axis

b, On the base of the cylinder

c. Around the upper band on the cylinder

d. Around the neck of the cylinder just above the ICC mark

71. Ventilation must be provided in any area in which compressed gas cylinders are stored in
order to keep temperature below °F,

a. 100 c. 125
b, 112 b, 136
11,15
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B, True-false: Items 72-76 complete the sentence below, Blacken a or b on your answer sheet
after the corresponding number to indicate your choice of true or false.

Value: 1 point each

Proper storage of compressed gas cylinders is accomplished by

4]

"

72, protecting them from any extreme weather condition,
73. atoring them in a cool, damp area,
74. segregating the cylinders as to specific gases,

75. storing them in a well-ventilated area,

e I T R
oo o M oy o

76. marking the empty cylinders with paint. . - T

C. Multiple Choice: Select the ONE answer which BEST completes the statement or answers
the question., After the corresponding number on the answer sheet, blacken the appropriate
box.

Value: 1 point each
77. Which statement is true concerning handling of compressed gas cylinders?

a. Repair immediately any damaged cylinder,

b. Cylinders may be tilled with any gas of the same family.

c. Never alter or change any of a cylinder's permanent markings,

d. When transferring refrigerants, insure that the cylinder is completely filled,

78, Which statement is true concerning handling of compressed gas cylinders?

a. Empty cylinders may be used as supports or rollers if proper circumstances arise,

b. Electromagnets may be used to lift cylinders.

¢. -Never use wrenches, other than a cylinder valve wrench, to open cylinder valves.

d. Valve regulators, gages, hoses, and other attachments can be interchanged between
different compressed gases,

79

When filling a service cylinder with refrigerant, what should be done after the cylinder is
initially weighed? .

a. Connect it to the supply cylinder,

b, Connect and purge the charging hose.
¢. Chill the service cylinder.

d, Weigh the supply cylinder,

80, When tiransferring refrigerants, how should you heat the supply cylinder ?

. With a blow torch

. Immerse it in boiling water

. Use the flame from the halide torch

. Immerse it in hot water of less than 125° F

a0 oe

" 81. When transferring refrigerants, how do you determine that the proper amount has been
transferred?

a. By the weight of the service cylinder

b. By the weight of the supply cylinder

¢. By an indi.ating gage on the service cylinder

d. When the hissing sound stops at the supply cylinder

len 2; . 9 150\




82, I any liquid halogen=-type refrigerants come in contact with the skin, how should the area be
treated?

a. Treat as if the victim has 3d degree burns,
b. Treat the victim for frostbite,

c. Treat the victim for skin poisoning.

d, Treat the victim as if he has sunstroke.

83, What is the first thing that should be done if a person is overcome by refrigerant fumes?

a. Remove him from the area c. Loosen his clothing
b. Apply artificial respiration - d. Summon medical help

&4, What should be used to remove liquid ammonia from the eyes or skin?
a. Water . e, Sterile salt solution '
b. Sterile mineral oil ' d. Gauze pads

-

85, Refrigeration lubricating oils have what type of base ?

a. Water _ c. Paraffin
b. Carbon d, Visgcous

86. What does it mean if you say an oil has a low viscosity?

a. That it won't break down at high temperatures or lose its fluidity at low temperatures
b. That an oil and the refrigerant will mix together without causing a chemic: reaction
¢. That the cil will not burn at high temperatures causing carbon deposits at hot spots

d. That the oil will not deposit wax throughout the system

87. What is meant by an oil having a low pour point?

a. That it wo.'t break down at low temperatures

b. The lowest temperature at which an oil remains a fluid

¢. The ability of the oil and refrigerant to mix )
d. 'The a.mount of wax contained in the oil

88, What should be done with any oil that is removed from a system?

*
a. Throw it away. ¢c. Save it so it can be reclaimed.
b, Save it if it is not contaminated. d. Reuse it in the system. '

89, If discoloration or odor is present in oil just removed from a system, it indicates that

a. the compressor is operating at extremely high temperatures.
b. the condenser is operating inefficiently.

¢, there is moisture in the system.

d. the low-side pressure is too high.

Total Points; 89
* * *
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UNITED STATES *«ARINE CORPS
MARINE CORPS INSTITUTE. MARINE NARRACKS
WOX 1778 .
WASNINGTON. D.C. 20013

AIR-CONDITIONING MECHANIC
Lesson 3

Servicing Air-Cond:tioning Systems

STUDY ASSIGNMENT: MCcCI 11,15b, Air-Conditioning Méchanic, chap 3..

LESSON OBJECTIVE: Upon successful completion of this lesson combined with on-the=-job
training using the principles Presented, you will be able to identify the
proper steps and methods of installing an air-conditioning unit or system,
You will be able to recognize the proger preventive maintenance procedures,
You will be able to identj s the prop=r procedures necessary to locate leaks

- _ and to diagnose electrical problems. Furthe:, you will be able to recognize
' and identify the proper procedures for evacy ting, pumping down, charging,
and adding or removing refrigeration oils. ¥You will also be able to re-
cognize faults in a unit and to ide ntify possible co 18es and remedies for
these faults, You will also be anle to identify the proper methods ci re=-
pairing or replacing major components within a unit or system, '

WRITTEN ASSIGNMENT:

~ A. Multiple Choice: Select the ONE arnswer that BEST comnletes the statement or answers the °
question, After the corresponding number on the answer sheet, blacken the appropriate box,

Value: 1 point each

l. When installing an air-conditioning system, when snould you first check for loose connections,
leaks and signs ot weak or cracked tubing ?

During the initial charging

After the system has been run for 48 hours

Right after the system has been uncrated

« After the systern has been installed but prior to the initial starting

Q0 o

2., Why should a bleed be Provided when installing an cvaporative condenser or a cooling tower?

a. To equalize the pressure across the condenser

b. To reduce the pressure drop across the condenser
¢. To allow the drainage of the used water

d. To prevent a buildup of impurities

3 When installing an air-cooled air-conditioning 8ystem, -how would you prevent an excessive
rise in the ambient temperature?

Provide a means of exhausting the used condenser cooling air
Install the condensing unit in a cool, dark area

Increase the amount of water circulating through the cooling coils
Increase the unit's motor speed

C..OO"W

4. When, if ever, cun a unit designed for free airflow application on the outdoor portion be
in~talled with duct connections to the outdoors ?

a. Never
b. Whenever the need for ducts arises
c. Only if specific approval is given by the manufacturer

llsn3; p. 1 : 15d
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9,

10,

11,

12,

13,

14,
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Other than keeping the condenser free from dirt and dust, what is the most important areas
of preventive maintenance to air-conditioning systems?

a. Evaporator c. Automatic controls
b, Filters d. Belte

Whot should be done to keep copper tubing from hitting on something and causing unnecessary
noisc?

a. Inatall shorter tubiig

b. Carefully bend it away from whatever it is hitting

c. Install vibration absorbers on the unit's base

d. -Braze tubing to whatever it is hitting

What is the most common cause of leaks in an air-conditioning unit?

-a, Poor workmanship ¢. Excessive wear
‘b. Excessive temperature , d, Excessive vibration

A method of leak testing that not only determines if a leak is present but gives the exact
location is a : method

a. positive " b. nonpositive c, special
A special method of leak detection is a method that

a. indicates a leak is present but does not give its exact location,

b. can only be used with certain types of refrigerants.

c. cannot be used in a primary refrigerant circuit,

A halide torch wonld be used to test for leaks on systems using which type refrigerant?

a, F=22 . c. F=290 .
b. Ammonia . d, Lithium Bromide

When testing with the halide torch, what color will the flame become whe~ a leak is detected?

a. Blue c. Yellow
b, Green d. Red

When preparing to use the halide torch, how should the flame be adjusted?

"a, Small blue flame c. Large blue-green flame

b, Small green fame d. Large reddish-orange flame

When testing with the halide torch, how should the exploring tube be moved over the test
area?

a. Quickly, so as not to allow any stray air currents to enter the tube
b. Quickly, and as close to the area being tested as possible

c. Slowly, and as close to the area heing tested as possible

d, Slowly, 50 as not to foul the torch

What is the best positive method of leak detection when testing under hazardous conditions?

a, Halide torch c. Pressure or vacuum test
b, Soap or oil bubble test d. Liquid r
p. 2
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18,

Which test instrument should be used to determine if the compressor motor has an open
starting winding? ‘

a. Ammeter ' . ¢, Multimeter
b. Galvanometer ' d., Wattmeter

If the starting winding of a compressor motor is open, what readings, if any, would you
get on a wattmeter?

a. None : A c. Overswing reading only

"~ b. Running reading only d. Overswing and running reading only .

117,

When preparing to test an air-conditioning unit for continuity or resistance, what should
you do first? : ' p

a. Discharge any capacitors in the circuit,

b. Disconnect all power from the circuit to be tested,

c. Disconnect the wiring from one side of the part to be tested.
d. Set the selector switch to ohms,

18, When using the Simpson 260 multimeter to test for voltage, which position should R

.. 18,

20

21,

22,

23.

24,

25,

the selector point to if the maximum voltage value is unknown ?
a. RX100 b, 50V C. 100MA D. 500V
Which electrical measuring device must always be hqoke,a into the circuit in series? -

a, Multimeter . ¢. Ammeter
b. Odometer ' d, Wattmeter

The electrical measuring device that must always be hooked into a circuit in parallel, when
checking for voltage, is the "

a, ammeter, ' b, hodrmeter. ; c. multimeter,
The multimeter is used to measure resistance, current, and

a, wattage. b, capacitance, . c. voltage,

When installing the bar gage manifold, the compound gage line is connected to the

.a., suction service valve, C. vacuum jump,

b. discharge service valve, d. refrigerant cylinder,

When connecting the bar gage manifold to a unit for the purpose of obtaining pressure
readings, the center charge port is

a. connected to a vacuum pump, ¢. connected to the suction service valve.
b. capped tightly, d, connected to the discharge service valve,

When installing the bar gage manifold, the pressure gage line is connected to the

a. suction service valve, ¢, refrigerant cylinder.
b, discharge service valve. d, vacuum pump,

When evacuating using the unit’s compressor, you must insure that the head pressure does
not exceed psig.

a, 150 . c. 50
b, 100 : d, 0



26,

217,

28,

29,

30

31.

When is evacuation of @ unit considered to be complete?

a. When the head pressure drops to 100 psig

b. When the pressure gage reads 0 psig

c. When the compound gage reads 0 psig

d. When the compound gage indicates a complete vacuum

Before a unit can be opened for repair you must insure that

4, the unit is not in a vacuum,

b. the hearl pressure is below 100 psig,

c¢. all air has been bled from the service hoses.
d, the king valve is closed.

What is the purpose of pumping down a unit?

a. To remove the refrigerant from the system without having to discard it

b, To check pressure tolerances of the evaporator and condenser

¢. To trap the refrigerant in the receiver in order to repair or replace components with-
out evacuating the system. '

d, To remove air and noncondensibles from the system

When pumping down a unit, you should continue the process until the compound gage indicates

a. 30 hg. . _ . c. 2 psig.
b. 0 psig. S : d, 30 psig.

Once pump-down is completed, which component CANNOT be removed from the unit for re-
pair? ' '

a. Compressor ¢, Metering device
b. Evaporator d. Condenser

When charging a unit through the high side, how is the refrigerant added to the system?

-

a. In gaseous form through the suction service valve

. b, In gaseous form through the discharge service valve

32.

33.

34,

11,15
1sn 3;

c. Inliquid form through the suction service valve
d. In liquid form through the discharge service valve

When charging a unit through the low side, how is the refrigerant added to the system?

a. In gaseous form through the suction service valve
b, In gaseous form through the discharge service valve
c. In liquid form through the suction service valve

d, In liquid form through the discharge service valve

When charging through the low side, what should be done right after the service lines are
purged? '

a. Tighten all connectione at the service valves. .
b. Adjust compound gage valve so a8 to maintain pressure at approximately 30 psig.
c. Open the service cylinder valve.

d. Backseat the suction service valve.

When charging through the high side, the refrigerant charge in the service cylinder must
be ’

. in gaseous form,

under a lower pressure than in the system,
exact and in liquid form.

. cooled to lower the pressure.

oo
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’ 35, When using the sight glass to determine the refrigerant charge, if the system is fully
charged, how will the sight glass appear?

a, Cloudy c. Misty .
b, Bubbly . dv Clear .

36. Before removing refrigeration oil, the crankcase pressure must be reduced to psi,
.8, 2 \ c, 12
b, 1 d. 1/4

37, Once the crankcase pressure has been reduced, how is the oil drained from it?

a, By using a siphon hose . ¢. Through the discharge service valve
b, By using a vacuum pump d. Through any valve or plug below the oil level

38, When replacing refrigeration oil in a unit, how much oil should be added at one time?

a. 1 pint c. 1/2 pint
V. 3/4 pint d, 1/4 pint

39, Soft-solder joints can be made if the joints are under little or no strain and if they do not
have to withstand temperatures that exceed °F,

a 17 ' c. 250
b, 700 d, 300

40, When making a solder joint, how is the heat applied?

a. Directly to the solder

b. To the solder and the joint gt the same time
c. Evenly over the entire joint area

d. Just below or above the joint area

41. When making a solder joirt, why is flux or soldering paste applied to the joint?

a. To preven! oxidation
~ b. To keep the solder from running
- c. It helps the joint harden quickly,
d. To clean the joint before soldering

42. How should a completed solder joint be cooled ?

a. With cold water c. Let it cool naturally
b, With warm water d. Wrap with water soaked rags

43. You-receive a maintenance call on a self-contained unit with an open=-type compressor,
When you arrive you find that the motor will not run. What could be a possible cause?

a. Thermostat set too low c. Lack of refrigerant
b. Belts loose d. Compressor stuck

44. You receive a maintenance call on an open-type self-contained unit and discover that the
evaporator is iced and that the unit is cycling on and off. What would be the remedy ?

2. Locate and repair refrigerant leak.

b. Raise the high/-pressure cutout valve setting.

-¢. Defrost evaporator and check filters and fan drive,
d., Replace ar clean the liquid line strainer.

11,15
1sn 3; p. 5




45, What would cause a hermetic compressor to run continuously, yet produce no refrig:rating
effect? ’

.a, No air circulating over the condenser

b, Ambient temperature is too high

c¢. Thermostatic switch is improperly adjusted

d, A restriction preventing the refrigerant from entering the evaporator

48, What would cause a hermetic Compressor to be noisy during operation?

a, Loose drive belts ' c, Piston stuck in cylinder
b. Worn compressor mountings d, Oil on top of the piston

47, What are the most common causes of bearing trouble?

a. Dirt or dust between the bearings and the motor shaft

b. Improper alinement at installation and inadequate lubrication

¢. The motor shaft becomes worn or warped

d, Extreme friction and wear caused by long periods of motor overload

48, When removing ball bearings from the shaft, where' should you exert pressure?

L]

D I

a, Only on the inner race

b. Only on the outer race

c. Evenly over the entire beariug surface

d. Parallel to the bearing and at right angles to the shaft

49, If one belt in a set of matched V-belts breaks, you should replace

a, the broken belt only, .
b. the broken belt and any others that may show excessive wear, -9

c. the entire set.

50, With the nvessure of one finger exerted at a point midway between thé motor pulley and
the flywhzel, 'a properly adjusted belt can be depressed to inches,

a, 1/a-=1/2 " c, 3/4--1
b, 1/2 -~ 3/4 d, 1--11/4

51, When testing a compressor for leaks, what would be an indication that the suction service
valves are leaking? . -

a. Maximum vacuum of 20-25 inches of mercury is reached in 10 min during preliminary

pump=down,
b. Maximum vacuum of 20-25 inches of mercury can be held for 5 min,
c. Maximum vacuum of 20 inches of mercury or more is reached after 15 min of preliminary-

pump-down,

52, After turning the compressor over by hand, at what point should the head pressure remain
cc. stant to indicate no leaks?

a, Between 20 and 25 inches of mercury
b, Between 10 and 15 inches of mercury
¢, Between 50 and 100 psig

d. Between 125 and 150 psig

53. When opening a compressor for repair, what parts should be removed from the unit?

a. The entire compressor should be disassembled and all parts cleaned and checked,
b, Only the parts necessary to make the repairs
c., All gaskets plus the parts necessary to make repairs

11,15
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54. If valve operation is faulty, what should be replaced? N
a. The faulty valve c. The valve assermbly and the head
b, The entire valve assembly - d. Replace the entirg’¢ompressor

55, What is the best method of teatmg for a shaft seal leak? v
&, Pressure test o c. Halide torch
b, Liquid leak detector d. Soap solution

In checking a unit with a hermetic compressor, you discover that there is little or no cool-
ing in the'evaporator, little or no heating of the condenser, and that once the unit starts the
wattage is abnormally low. What should this indicate ?

56

a. An overcharge of oil c. Defective valves
b. An open running winding d. Defective control circuit

57. When checking a hermetic unit, what would excessive compressor noise and vibration, low
capacity, and continuous high wattage indlcate? '

a. Defective wiring c. Broken valves
b. Defective mounts d. Overcharge of oil

58, When removing a hermetic compressor from a unit you discover that the escaping refrigerant
has a decidedly burned odor, what does this indicate?
o
a, Broken compressor valves ¢. Shorted stator
b. Dehydrator stopped up d, Oil on top of the piston

59, When removing a hermetic compressor from a unit, with which tool should the tubing be cut?

a. Tube-cutter c. -Hacksaw
b. Side~-cutter : d. Pinchoff tool
, s
After removing a hermetic ccmpressor from a unit, how should moisture and foreign matter
be kept out of it and loss of oil prevented? .

60

a. Stuff oil-soaked rags in tube end openings\

b. Pinch off tubing ends and bend them over.

c. Tape tube ends closed with friction tape.

d. Place the compressor in a moisture-free, dirt-proof container.

61, Whenever a condenser is removed from a unit for cleaning or repair, what other component
should be replaced? h

a. Condenser-to-receiver line c. Recelver
b, Discharge line d; Dehydrator
62, What is the best way to clean the internal surfaces of a double pipe,.water-cooled condenser?
a, Superheated steam . c¢. Muriatic solution
b. Caustic soda solution ‘d, Special rods and brushes
£3. How is a leak repaired in an evaporator which is constructed of aluminum?
a, Soldering ' c. Epoxy cement
b. Brazing ' d. Evapcrator sealing compound

64, What should be done with an evaporator that has become stopped up due to oil carbonization?

a. Replace it, c. Clean it with a mild muriatic solution.

b, Clean it with superheated steam, d, Clean it with a strong caustic soda solution,
11,15
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UNITED STATES MARINE CORPS 11.15b
MARINE CORPS INSTITUTE. MAR 'NE BARRACKS : ‘
BOX 1778
WASHINGTON. D.C. 20013

AIR-CONDITIONING MFECHANIC
l.esson 4

Commercial and Tactical Air-Conditioning Units

STUDY ASSIGNMENT: MCI 11.15b, Alr-Conditioning Mechanic, chap 4,

LESSON OBJECTIVE: Upon successful completion of this lesson combined with on=the=job
training, you will be able to: identify the steps of installing, perform-

ing preventive maintenance on, and repair procedures for air-conditioning
systems; {dentify the sequence of steps for testing air-conditioning
syatems; identify the nomenclature of air-conditioning equipment peculiar
to the Marine Corps and how it functions; i..entify safety precautions per=
taining to air-conditioning systems and related equipment, .

1

WRITTEN ASSIGNMENT: _ -

A, Multiple Choice: Select the ONE answer which BEST completes the statement or answers the
question, After the corresponding number on the answer sheet, blacken the appropriate box,

Value: 1 point each

1, The refrigerant in a window or through=-the=wall air conditioner is controlled by which

valve ? :
a, Thermostatic c. Throttle
b, Solenoid _ - d. Automatic-expansion capillary
2, Commercial window units operate on circuits,
a, 120-v or 220-v single-phase ¢, 208-v three-phase
- -b. 120=v or 220=-v three-phase d. 115+v single-phase

3. You are given the j.ob of installing an air conditioner in a barracks window., After getting
the unit and materials ready, what is your first step?

Fit the entire unit into the window opening,
Secure the housing in the window opening.
Remove the unit from its housing (cabinet),
1, Securely fasten the braces and brackets,

o U e

-

. 4, Window units use separate airflows..

a, b5 ' ¢, 3
b, 4 d. 2

5. How oftern should the filter be checked on a window unit?

a, Every 6 months c. Ex)ery 3 months
k. Every 4 months d. Every month

6. Cousole air conditioners are usually constructed with the condensing unit in the section,

a. middle c. lower
b. side d, top

N OE
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7. What are the three systems in the military standard alr-conditioners?

a, Refrigeration, evaporator, and automatic

b, Thermostatic, condensing, and refrigeration
¢, Refrigeration, electrical, and air-t dling
d. Electrical, air-handling, and motor

8. The voltage in the control system of the military standard air-conditioners, is routed

through a rectifier,
a, IBO'V a. C, . . C, 180'V d. C.
b, 220-va.c. d, 187-vd.c.-

8. ‘The heatlng capacity in Btuh of the A/E 32C-26 is

' a, 4,400, ’ c. 28,600,
- b, 12,300, . d, 47,100,
10, The A/E 32C-17 air-conditioiler operates on 60 Hz power; the A/E 32C-18 operatas on
Hz, .
a, 60 c. 208

11, What is the maximum weight in pounds of the 4/E 32C-24°?

a, 150 ¢ c, 445
b, 225 - d, 585

12, A feature of the A/E 32C-39 air-conditioning unit is that it is constructed with a

a. lightweight frame, ¢, ruggedized frame,
b, ‘'horizontal’’ type frame. d. wooden frame.

13, The evaporator fan motor on the A/E 32C-27 air-conditioning unit operates on elther

Rz,
a, 60or 115 c. 115 or 208
b, 60 or 400 d. 115 or 400
14, Thc coollng capacity of the A/E 32C~18 is Btuh,
a, 18,000 c. 36,000
b, 20,000 d. 40, 000

15, The contrcl switch on the A/E 32C-29 air-conditioning unit has __ position(s).

a, 1 c, 5
b, 3 d, 1

16. When does the system transfer to the bypass dperatlon?
a, When the compressor and fan motors are energized
b, When the air temperature risea above the thermostat setting

c. During the cooling cycle
d, When the conditioned air thermostat is satisfled

7O
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17, When the air temperature rises above the thermostat setting, the system will
a. transfer to the heating cycle. c, dé-energize the compressor.
b. transfer to the ccoling cycle, d, transfer to the bypass operation,
18, During the cooling cycle the liquid refrigerant is metered into the evaporator through a
valve, _ - .
a. hand expansion ¢, automatic-expansion
b. capillary d. thermostatic expansion

18, If the liquid bypass valve fails to open it would cause the compressor to
a, freeze up. ‘ : ¢, overheat,

b. stop. : | d. short cycle.

20, When the selector switch is set to OFF, power is supplied only to the
a, compressor motor, : c. crankcase heater.

b, . fan motor, d. control panel.

21, When installing an air conditioner in the through=the-wall method, a hole, 1/4" larger
than the outside dimensions of the unit, is cut in the wall., What is the purpose of making
this hole larger?

a. Reduce noise ' c., Facilitate draiuage
b. Prevent vibration ' d, racilitate electrical connections

22, The purpose of the NPT drain is to
a., drain off excess refrigerant, c. drain off condensation,

b, drain off excess oil,

23, How long must the unit be in the upright position prior to running refrigerant system?
a, 6hr c, 10 hr .

b, 8hs d, 12 hr

24, The unit should be sitting at level position, but will operate satislactorily sitting at a

angle.
a. 8,5° c, 3
b, 5° : d, 1,5°

25, When the selectur switch is on LO HEAT, one bank of the electrical heaters is inoperative
and the other is under e control of the
a, conditioned air thermostat, c. evaporator fan motor,

b, compressor, d. expansion valve.

26, The temperature control ranges from
a, -20° to 80°F, c. 400 to 950F,

b. 409 to 90° F, d, 50° to 100°F,
11,15
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28,

29,

30,

.

33,

34,

35,

36,

11, 15

When the NBC system is in use, the fresh air inlet damper must be

a, clqsed. c. up,
b, open, d. down.

Except for the two smallest units, the outside air thermostat is set to cut out at
ambient temperature, . ' .

a, 500F c. 200R
b, 30°F d., 0°F

The high temperature control cuts out at °F and automatically resets at
°F, o .

a. 156 == 200 ) c. 184 == 140
b, 180 -=-134 d. 225 -- 240

How often should the piping be checked for leaks using the halide leak detector?

a, Daily c. Mon hly
b. Weekly ) : - d., kvery 6 months

What would c2use the compressor not to start?
a. Fan motor failure

b. Defective high temperature thermostat

c. High head pressure _

d. Outside air temperature below 0°F

T'o determine if the circuit breaker is defective, you would attach twq insulated jumper
wires, one to each of the -terminals.

a. two side ' c. middle
b, two upper o d. two lower

Excessive floodback of refrigerant will damage the -

a, compressor, ¢, condenser.
b, evaporawor. ' d. motor.

While energi‘ziye refrigerant solenoid valve, if it fails (o slick, what should you check?
a, Comprrssor motor and condenser fan motor

b, Evapo’ .tor motor and control panel

¢, Coil connection and the coil wiring

If the outdoor ambient temperature is 50°F, the suction pressure should read

a. 58-65 psi, c., 125-160 psi,
b, 58=70 psi,. d. 175-210 psi.

What would be the second step in removing the control panel?

a. Remove front panel c, Loosen clamp screw
b, Disconnect harness connector d, Remove evaporator air intake grille and fi'ter

¢ \.
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37. When using air conditioners in FMF -applications, what method of installation does the
Marine Corps recommend?

a. Through-the-wali _ c. Window mount
b. Interior mount d, Skid mount

38, Which method of installing an air conditioner would allow the greatest ease of acceSSibllity
for maintenance ? : _

a. Window mount c¢. Through-the-wall
b, Skid mount d, Interior mount

B True - False: In the cluster true-false group of items below, use answer sheet column a
for true and column b for false,

Value: 1 point each

The Marine Corps milltary standard air- conditioners share certain charucteristics,
Some of these include; '

39, All componerts are completely iriterchangerable in conditicners of the same capacities,

40, The control penel is designed so that it can be removed for remote operation,

41, The flow of fresh air is automatically controlled by the damper,

42, ‘The conditioners are designed to operate in excess of 4, 000 hours without a major overhaul,
43, The evaporator sections are insulated with foam rubber to minimize internal heat loss.

C. lultiple Choice: Sclect the ONE answer which BEST compleies the statement or answers the
question, After the corresponding number on the answer slicet, blacken the appropriate
box, :
Value: 1 point each
44, What is the cooling capacity in Btu's of the MCSHAL.6-208?

a, 17,000 ' c. 12,000
b. 9,000 d., 18,000

45, You have just uncrated an MCY9HALGB-208 air conditioner and are checking it out. Which
of the following components is NOT part of the initial check?

a. Evaporator ' ¢. Fan motors
b. Condenser d. Compressor

46, What is the { nction of the control at C on the accompanying illustration ?
{

a. Itor s clon2s the damper, D
b, It selr. e mode of operation,
¢. It controls the temperature setting, 0

. selects tie .an speed. e @
d. It select p A ‘ @
oo ®

B D

®
(@]
OO o
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48,

49,

50,

51,

52,

The air-conditioner operates, but does not cool down as it should, Which of the following
would be a orobable cause? .

a, Loose electrical connection c. Too much outside air entering unit

b, Defective evaporator d. Defective circuit breaker

How often should the fresh air screen on the MCSHALB-208 be serviced?

a, Dally - ¢, Monthly

b, Weekly d. Quarterly

The compressor starts but goes out on overload. You check it and determine that the
refrigerant control valve is defective, What is the lowest echelon of maintenance that

is authorized to repair or replace tae. valve?

a, -2d c, 4th

b, 3d d. 5th

What must the alr-conditioning mechanic do before servicing electrical equipment?

a, Fill out the safety form, ¢, Build a working platform,

b, Make sure unit is grounded, d., Dilsconnect the units power <ource,

If a Marine air-conditioning mechanic accidently swallows some solvent, what should he do ?
a., Seek immediate medical attention ¢, Drink warm milk

b, Use his finger to make himself vomit d. Drink large amounts of water

What first aid measure should be administered to a victim of electrical shock whose breathing
has stopped?

a, Apply closed heart massage c. Keep victim warm

b, Apply artificial respiration ‘d, Elevate the lower limbs

Where should the Marine alr-conditioning mechanic refer to for further detalls and instructions

on first aid ineasures?

a, Ergineer records manual ¢, Marine's Handbonk on squad'tactics
b, Marlne's Harndbook on essential subjects

#U.S, GOVERNMENT PRINTING OFFICE:  1982-0-381-318/536

Total Points: 53
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