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INTRODUCTION

A Phileo factory- 1upuwued serviceman is measured by
his accomplishments so it is ortant for him to know
all about his job. In relngemﬂan, this includes a knowledge
of the behavior of the system and ifs parts, the ability o
recognize and properly diagnose the symptoms of both
ordinary and unusual troubles. An understanding of the
underlying principles of refrigeration and the funcions of
the individual parts ids materialy in solving unusual prob-
lems that might otherwi

‘The skill acquired by experience is all that is necessary to

routine service job, but to break a tough one, both
skil and a sound knowledge of operating principles are
required. A command of such knowledge builds confidence
and produces an ability to obtain the right answers o un-
usual problems. This confidence is reflected in the service-
man's conversation and dealings with both customer and
employer. Advancement occurs more readily when the
skilled serviceman is also equipped with a complete under-
g of the operating principles of his job.
home study booklet was prepared with the chove
ideas in mind. No attempt has been made fo cover the sub-
ject on an engineering level. The subjects are presented
in o manner felt o be most useful fo the serviceman in the
analysis of refrigeration problems.







PRINCIPLES OF REFRIGERATION

SEALED REFRIGERATING SYSTEMS

PRINCIPLES OF REFRIGERATION

Refrigerating eystems of any kind make it p
to lower the temperature of substances and to main-
tain thete ofigeated subiances at. tho Jower tem-

there is no perfect heat insulator,
some heat nnnlm\lnlly Teaks ban nto the n:ﬁxg:nlox
cabinet ax shown in fgure 1 Thtee emperatuze o
ditions are represented i this Muatrati

The inakde el autails temperatvoce arebor
75% no heat transfer can occur under these condi-
tions,

B. The box temperature is 55° and the outside
{omperatute s 15% @ considerable amount of hat
il pae through the insola

10X uxnpcmlum is 35” and the outside
;,cmpcmmm s 5% more heat will enter the

The sxrosseprsent the elatve amount of inwazd
et leskage, Since heat s contnually leaking in
under comlmnns such as above, it s neces-
sy to pump it out at interval to maintain 4 lower
{femporatars withn tho abinet,

HEAT FLOW

Heat flows naturally from places or substances hav-
ing higher temperatures to places or substances hav-
ing loyer temporatures, E<mples of hoat flow are
given below:

In cold weather the outer doors of a house are
rm windows are installed not to keej
£t

prevent the body from losing its heat to the cold,
outside air. If the outside air is colder than the body,
the best method of preventing heat loss is to insulate
againt outward leakago of heat by wearing heavy
het, summer weather, reverse.conditions exit.

Lighl:we:gbl clothing with very little heat lmnhlmg
qualitis 3» worn. 0. that the body Heat may

Taatd. 1 1o i ot it
the body temperature, the heat flow s reversed and
some other me! f cooling is necessary. As
outside l:mpzmmm Tises, perspiration mereases and
itis the evaporation of this moisture that helps to cool

repeat the experiment.

ile the water is evaporating your hand feels cooler.
You have just ex'penencr:tl the basic principle o

g by evapor:

e r:fngeralmg sys-
m’of cnergy called heat is the primary
onsidration. The inerior of the refrigerator cabinet
Lecnmes cold because heat is removed cab-

nce of moisture, and darkn
sence of light. If a light is turned off in a room, the

T2

Figure 1. Heat Leakage Through Insulation
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T
Figure 2. Elementary Refrigeration System

room becomes dark; if moisture is xnmnvcﬂ from a
substance, the substance become: and if heat is
tance hecomc

must be pumped uphill. In the same manner, heat
flows into the cold refrigerator cabinet, but it must
be pumped out with some type of refrigeration ma-
chine, Figore 2, a diagram of an elementary refrig.
ration ey, shows how the heat may be pumped
out of an insulated cabinct.

HEAT AND TEMPERATURE

AIl substances that we encounter in daily life con-
tain heat; the intensity of heat in a substance is
calld o temperatare. 1 hes s added o 2 mbstanco
it docs ot melt o vaporize durin the procers,
I increase. If heat is removed from
u an s not condense or solidify
. i proces, it tempeataze will decrease
nary thermometer scale measures the in-
tcasty of heai in the room air, but does not measure
the quantity of heat in the room air. The intensity of
heat or temperature is recognized by the human body
and can readilybeconsed the quantity of heat cannot
be estimated by the
B i contains deponds
upon the following factors:
1. The temperature (heat intensity) of the sub-

 the substance.
ion of the substan
i cipesinaent cxplsinea bielow will help
to clarify the difference between temperature and
heat quantity.
pint of water at a temperature of 100°F. and a

mdmmn, ete, 1 rved l:mpnnime B 750
Part A of figure 3 .num..m the point.

Next,if a pint of at 100°F. is poured into
bathtub of water mn Bt bgured) at o temperature
of 50°F., the resulting temperature rise may ot ev
b motlceable Ta ot intimcos, tho same amoust of
Heat (one pint of wate at 100°F.) vas added to a

antity of water haying a_temperature of 50°

of a substance does not produce
e e o in Iemptnlulc, fox ax oplathen

the heat a substance contains depends not only on its
temperature, but also on its weight and composition.
From this experiment, it is evident that the quantity
of heat a body contains is not a measure of its tem-
perature.

If the removal of heat from a substance is con-
tinued, thesubstance becomes colder and its tempera:
ture continues to drop. If the p cat removal
i Garripilon lang cnough,  peint. wil bo reached
when the substance will contain no heat and its tem-
perature will read 460° below zero on the Fahrenheit
scale. This temperature is called “absolute zero,

i a true base for temperature measurements. At all
higher tem s, there is always some heat energy
B O Tt e e et

]

100°F  50°F

100°F

SLIGHTLY ABOVE 50°F
B

T
Figure 3. Temperature-Heat Quantity Relationship
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practical base from which to measure temperature, so
arbitrary points, such as the temperature of melting
ice and boiling water, are used to establish reference
points on the thermometer scale.

MEASUREMENT OF HEAT

A definite quantity of heat can be measured just as
3 eallon of water or a bushl of potatoes eam be
. The unit that measures the quantity of
heat s Ihc British thermal unit (B.T.U.), and onc
e amount of heat rcquur:d to raise one
pmmd mmm one pint) of water 1°
B . is required to raise the tempera.
ound of water 1°F. i follows that ten
U, vill T mequseel o st Syl ont A o
or ten pounds of water 1°F, Conversely, the
same amount of heat rnmovnl is required to reduce
the temperature of one pound of water 10°F. or of
ten pounds of water 1° P

EFFECT OF PRESSURE ON THE BOILING POINT

The effect of pressure is scen in the reduced boling
temperature of water at high altitudes, Because of
the reduced atmospheric pressure at high altitudes,
water will boil at temperatures considerably below
212°F. On the other hand, water boilsat  empera-
ture well above 212°F. in the pressure cooker, which
is 50 widely used today.

every case, an inerease in pressure on the sur-
ace of a liquid raises the hoiling point temperature,

d a decrease in pressure lowers the boiling point
temperature. It follows that a given liquid can be
made to boil at any temperature w fhia
increasing or decreasing the pressure o
uids used as refrigerants usually have a low
i point. Under the pressure conditions that are
ntained in the evaporator, the liquid refrigerant
i2 mads to bl at 4 lower temperaiute thas that de-
sired in the refrigerator.

HEAT OF VAPORIZATION AND CONDENSATION

The heat of vaporization of s liuid i the mumber
of British thermal units that must be added to change
one pound of a lquid s baling point o vapor

perature. For example, it takes 97

10 thango one powiad of waler Toom liguid to

vapor at almm]yl\un r one pound of
ately 69 B.T.U.

to change to Freon vapor at atmosphe

Heat of condensation of a vapor

Bt thermalunits that must b emoved 1o change

one pound of vapor at its conder

one pound of liuid at the «

quanity of

a

l\.lca(cd when the

t
slightly more than the heat that i
vapor is condense

The amount of heat absorbed during vaporization
requires additional explanation. Consider a pan o

334 Lassam

701 LB/sQLIN.

e

Figure 4. Pressure-Temperature Relationship.

yyatr at room temperatare that is placed over  gas
flame. As heat from the flame enters the water, its
temperature increases SR boiling
point (212° at nmmp}.mc pressure) . After the boil-
ing point is reached, the temperature of the water
remaaina gt 210% s dn ohuions thatier ynieeie
the same amount of heat continues to enter the water
as during the period just before the boiling point was
reached. What becomes of this additional heat?

enters the vapor as added encrgy—that amount of
energy that was required to break up the water and
change it to a vapor. This is called latent heat and

persture of a subsiance without hanging the sub-
stance from a Jiquid or from a liquid to a
e e

PRESSURE-TEMPERATURE RELATIONSHIP

Aliquid partly filling a closed container will main-
tain an exact relationship between the vapor pressure
and its temperature. Consider a small service tank of
FrconlZ srsanged o that Lot tha pressure in pounds
per square inch, and the temperature in degrees Fah-
renheit may be read. Sce figure 4. Examine this
pressurc-temperature relationship for the three dif-
ferent conditions shown in the illustration.

1. Assume that the tank is at a room temperature
of T0°F. The pressure-emperature table for Freon-
12 in the section on refrigerants shows a pressu
corresponding to 70°F. to be 70.1 Ib. per sq. in. (,uuge
pressure,

2. Place the tank of Freon-12 in a refrigerator hav-
ing a food compartment temperature of 36°F., and
leave it there until the tank temperature is stabilized.
The tble shows that the gasge pressure willthen be
334 Ib. per

3. Simaslyyif tho tacke, i themiplacedlnithe o

until its temperature reaches 100°F., the gauge read-
Tkl
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From these experiments, it can be concluded that a
l.lqmd and its vapor in an enclosed space has an exact
ure for a given tempersture.
P When.the tank wes placed n the refrigerator, the
tank and the nfﬂgenm were coole
of the vapor to condense and causing the remaining
R have less density and consequently less
e tank was heated to 100°F., it
nlunrlwerl additional heat and caused some of the
iuid to vaporize, therchy, inereasing the vapor
density. The increased vapor density m a
Tapor i occupyin the e spac, i
ina greater vapor pres ny volatle liquid acte
L
temperature relation
between
accounts for the fact that control instruments, such
s the on_temperature_control,
operated equally well from either the actual preasure
in the system or from the temperature of a sclected
position in the cabinet.

COOLING BY EVAPORATION

osling by evaporaton is not 8 new proces; the
people of Soathwestera Usited Statcs tnd Maxi
have long used water coolers, which depend lnlely
upon natural evaporation for_cooli
s = i oo, s Bt it water, then
Bung i the shade. The water sosks lowy throug
the porous walls of the olio
L P
raton to thoroughly chil the drinking wate within,
especially if there s any air motion around
container.

Any liquid that vaporizes or boils will absorb heat
in the process. In the case of the p
gas range previously mentioned, heat required to
catse aporzation came from the cus range fame.

If a liquid with a much lower boiling point, such
31 Freon12 which boils at —ZLI°F. at e
pressure, is put i not be necessary to
light the gas to cause it to boﬂ g the temperatore
of the s in the xoom s blow —21T°T. I
il o igoreay, removing
et it e liquid and the pan, thereby cooling
itself and the container. The heat that causes con:
tinued boiling comes from the air in the room be-
cause it is warmer than the pan of Freon. Consider
that the pan of boiling Freon is not in an open room,
but in an enclosed insulated space, such as a refrig.
rator cabine. Sec figure 5. The heat tht enters the
Freon will now have to come from within the cabinet,
Sinco beat s being removed from the cabincl, the e
perature of the cabinet will be reduced. If no
Shiezs tho cabinct, the lomperataro of tho sr Inside
the cabinet vill continue to drop unil either the
Freon boils away o the cabinel temperature ap-
B T e oiling point of From o
atmospheric pressure.

pan of boiling Freon in the cabinet acts as a

good refrigerator while the refrigerant lusts, but, to
ks the operation continuons, additional equipment
must be used to reclaim the Freon vapor and condense
it to a liquid so that it can be used over again. To

accomplish this, a compressor and condenser must be
i e s (pan of Freon), and some
method of controlling the How of liguid relrigerant
1o the evaporator must be employed. A diagram illus-
iraing the major parts of a completc S
system ia shown in figu;

EVAPORATOR

T

Figure 5. Cooling by Evaporation Without Recovery

TaIIA

Figure 6. Cooling by Evaporation With Recovery



REFRIGERATION CYCLE

REFRIGERATION CYCLE

A relrigerating unit operates in a closed cyele, with
the enire charge of relrigerant making o complete
trip through the system every few min

n

the capillary tube to the cvaporator wi
changed to a low-pressure, low-temperature vapor,
then o a high-pressure, high-temperature vapor in
the compressor and finally to  high-pressure liquid
in the condenser,

e portion o the system between the comprestor
discharge and the entrance to the evaporator contains
cither vapor o liquid under high pressure and is,
therefore, known as the “high side.” The portion from
the entrance to the evaporator to the compressor
discharge containe lguid or vapor under lowes pres-
and is accordingly known as the “low side.”

"iquid relrigorans. T the bgh side u;heid at &
pressure snﬂ'cwnlly high to prevent it from boiling.
In the ‘o System, liquid rc'ngunml is fed from
e e by means
ofa capilay ube, n the low sde of the sysees, the
uid cntering the evaporator immediately
boil because the pressure on its surface is
greatly reduced. As the liquid boils in the evaporator,
it absorbs heat from all materials near at hand, in:
clading tho s inside the rorigerator cabinet. Thi
action depends upon two factors: first, that a_ suff-
ciently low pressurc is maintained in the evaporator
and sccond, that the temperature of the air in the
cabinet is above the boiling point of the refrigerant.
The outlet of the cvaporator is connected to the
intake of the compressor. As long as the compressor is

runnin d in the evaporator will continue to
bol, since the vapor produced is removed by the
pumping action of the compressor, The vapor is com-

the compressor t o high presaure and die
claged ino the condenser ot o correspondingly high
temperature. Tho heat that was absorbed in the
tempasatuee srapoesste by the botling Bywid it gk
disposed of in the high temperature condenser by d
siating it i e cooler surrounding air. The loss o
heat by the vapor in the condenser lowers its tem-
perature suffciently to cause condensation. A cycle
now completed and another is ready to start,

REFRIGERANT CONTROLS

Many types of refrigerant controls have been used
a8 pressure-reducing des tween the high side
and the low sde of the, [
pletely closed system is to be m
prowice mud tho sther part . low prceus
c.ch cs must he used. The compressor
Produccs one f these shangos, rcciving e refcis
crant vapor at Tow pressure and discharging it at high
resure condition must be main-

orator, an additional restrictor or
ing valve must be used where the liquid

entes the caporator.

 types of reigerant contesls for household
rdngumlaru are mainly of two types, the expansion
valve and the float valve. Expansion vi

Trzm

Figure 7. Pressure-Operated Expansion Valve

trolled directly from pressure within the evaporator,
o in the more advanced type they are operate
the temperature of some portion of the evaporator.

Pressure-Operated Expansion Valve

The illustration in figure 7 shows the princi
working parts of a pressurc.operated expansion valve.
The pressure beneath the bellows is the same as the
pressue a the enteance to the evaporator The pret:
sure inside the hellows is at atmospheric pressure. If
the pressure in the evaporator is reduced, the bellows
expands and opens the valve through the yoke linkage.
When the compressor starts, the reduced pressure in
the evaporator causes the valve to open and allows
liquid refrigerant to enter the evaporator. When the

re builds up in the evap-

cs.
Since this type of cxpansion valve maintains a
fairly constant pressure in the evaporator, it is not

materially affected by temperatures outside of the
vaporator and is, therefore, not well suited for house-
hold refrigerators.

Thermostatic Expansion Valve

If the seal cap in a pressure-operated expansion
valve were connected to a fecler tube as shown in
figure 8 instead of being subjected to atmospheric
pressure, the resulting device would be a thermo-
static expansion valve.

When this type of valve is used, the admittance of
liquid refrigerant into the evaporator depends upon
the temperature at the place where the feeler tube
bulb is attached. The fecler bulb contains a smal
amount of religerant vapor which extends through
the feeler tube and fills the space on top of the bel-
n the temperature of the evaporator in-
creases, pressure is exerted on the bellows which
opens the liquid valve through the push-rod linkage.
When the evaporator temperature has decreased suf-
ficiently, the resulting lowered pressure in the feeler
bulb allows the compression spring to close the valve.

]
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=Hlaan
WU"““

Figure 8. Thermostatic Expansion Valve

Float Valves
In theealiee production of houeeholdsefrgerators,
re used extensively for refrigerant co
a1 velres Tore i general wae,
namely, the low-side and the high-side.
Low-Side Float Valve

The action of the lowside fost valve iy clearly
re 9, It derives its name from the

to enter. When the compressor stops, the liquid con-
tinues to flow into the evaporator until the liquid
Tevel is raised cnough to cause the valve to close.
ngh-side Float Valve

ted in the

restrictor at the entrance of the evaporator is necessa
1o prevent the liquid from losing its pressure and
vaporizing before b reaches s Thi

be accomplishe o ring or weight

m
e o s cp ey cabemiay boused.
I of the refrigerant.regulating devices explained
‘moving mechanical parts which tend to
get out of order. Valve pins and valve scats may be-
come defective and, in the case of the expansion
s o o i cosmsional
adjustment.

Capillary Tube Control

The capillary tube s a more simplified control de.
vices it has no moving parts, needs no nt, and

will not wear out. In addition to these |mprmrmcnn.
the use of a small-bore tube as a refrigerant control
allows the pressure in the system to equalize shortly
after the compressor stops. Under these conditions the
compressor starts casily after a short rest period.

With the capillary system it is necessary to provide

nesmecron
Wi e

s
Figure 9. Low-Side Float Valve

T
Figure 10. High-Side Float Valve
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enough eapacity in the evaporator so that there is no
chnco for any liquid to be drawn into the com-
presor, Phileo accomplishes this by arranging the
e o 1o cvatordion i o gl LE
Fuid start chrough the evaporator in & seris pathy
but as it nears

8% feet long and has a bore of .031 inch. To allow
for this length, the excess tubing is coiled near the
evaporator end,

HEAT EXCHANGER

Since the liquid refrigerant in the capillary tube
it quite warm, it carries a certain amount of heat into

he mechanical junction of
i o s e e quantty of the
sensible heat of the liquid to be transferred to the
colder suction-line. vapor, thus avoiding additional
Toad e the refeigezating Fyatems
CYCLING

A refrigerating system is said to cyele properly if
it starts and stops as required in order to maintain a
cabinet temperature corresponding to the temperature
contrl sting.

eal conditions, say 80° room temperature,
with onlinaey usage,the o cvtlc or running time of
gl tor operating_condition
hould be bsel ot i e oycle, or idle

TR

Figure 11 Evaporator Duct System

. In other words, if the refrigerator runs for three
minutes it should shut off for about seven minutes,
here are several factors which affect the
cycling period. Among the factors are:

1. Exireme weather conditions that cause greater
heat leakage into the cabinct and consequently &
onger running time to pumj

S Camel food Tonda: sk as abmmal weskond
Toading, that introduce large quantities of heat into
the cabinet.

3. A cabinet door vhich is not properly closed or
sea

' Defects in the refrigerating system such as de-
fective temperature_control, restrictions in the sys:
tem, or a low-capacity compressor.

REFRIGERANTS

ous individual refrigerants may be used in a
regenting sy ach case, however, the re-
rant is vapors condensed to produce the
dedired refrigomating e B ond o] refigerant
is charactrized by propertes which may ox may

be des ype of rc(ngemlmn
to be nrrnmplh]\ﬂl The variations in the character-
istics ke some of the rfrigerants more uitablethan

other

e desiral

GENERAL CHARACTERISTICS

Some of the desirable characteristics of refrigerants
el for houschold rfrigerstors and. freczrs aze
given
Nesrpsiacneni
Odorless.

Stable; docs ot dmmpusc under pressure or
deteriorate wit

 has no effect on the metals with
which it comes in contact,

. Hus o objestionsble aation on the lubricating
oils

. Relatively cheap and easy to obtain.
High heat of vaporization.
9. Docs not absorb water.
10. Vaporization and condensation pressure should
not e excessive.
| Bl point at atmospheric pressuze should be
reasonably lo
The Towr most commonly used refrigerants in over
90 percent of small non-commercial units are listed
in the following table:

Typical
Beiling  Suchi
ol Line
Atmospheric ure.
resture. Uba./sqin) (Ibs/sain
Sulphar Dioaide 14" Gin vecsme 70 i
Methyl Chloride___10.66° & o n
Freon 12 ST 0 o
Feon 2 —a 0 e ”

*Pressures below atmospheric pressure are measured in
inches of vacuum.

n
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The bolling points at atmospherio prewure are
given in the first column and they show the comp;
5 Botion gb (18 rabigarent Witk that of bosling
water (212°F.).

T'he ond and third columns indicate the usual
ation and condensation pressures frequently
lnund in typical operating unite. The fourth column

tes the ltent heat of vaporiastion moasure
und and shows the comparative ability

four rn[ngennts to absorb heat when vapor
ing. A high 1 efrigerant is ordinarily desir-
since e refrigerating effect can thus be

made with o small quantly of el
e ecterinica
of h.;f. Tutent heat and elatvely low vaporization and
condensation pressures, 8 cormosve acion
B e e o o
ing odor, OF the four mrngmm glvcn in the title
above, ulphur dioxide ranks second in the atent heat
of vaporizatio
Methyl S requites higher aperating pressures
and is less corrosive than sulphur dioxide in the
presence of water. Methyl R highest
Tatent heat of vaporization of the four listed. Tt was
a very commonly used refrigerant before the intro-
duction of Freon.
on-12 is the most widely used refrigerant of the
Freon group. It is nontoxic, noninflammable, color-
less, and practically odorless; its operating pressures
are only slightly higher than those of methy chlorid,
Since the latent heat of vaporization of Freon-12 is
quite low compared with methyl chloride, a_greater
number of pounds must be circulated per minute to
Sblainthe same refrierating ol Because Freon-12

erating units, e
latent heat vales at the diffrent teraperatare lovels
is given below.

FREON-12 TABLE

LATENT HEAT
TEMPERATURE  PRESSURE
Degrees F.  Ib./sq.In. gauge

5.
(Heat of Vaporization)

LATENT HEAT

3
o (Heat of Vaporiation)

ote: Pressure is registered
O 143 o of e earps

ches of mercury at pressure

The value for the latent heat of vaporization be-
comes slightly les as the temperature and pressure

ann 22 one of the newer Freons, has characteris-
tics similar to that of Freon-12; the operation pressure
is considerably higher, ]mwcvcr. Because of the low
boiling point of Freon:22, a system mu.n... it s
capable of producing cabinet temperatares lower than
those of the other refrigerants mentioned.

REFRIGERANT COOLING EFFECT

In order to show the relation of the refrigerating
el s 12 ith that af melting lan 8 compers
son of the respective latent heats will be made. The
latent heat of vaporization for Freon-12 is about 69
B.T.U. per pound, while one pound of ice, when melt-
ing,will absorh 144 BTU. Therclor, appm“mmlv
tice a3 many pounds of Freon-12 m vaporized

—2 sase

=11

=) s

Tis 246
10 450

= 674
o 917
2 1019

0 get the lect as from melting
oot ol e T average operation, approxi-
mately ten ounces of Freon-12 is used, and this amount
is circulated about 16 times an hour. At this rate about
ten pounds of refrigerant evaporate per hour. By
comparison, this is cquivalent to melting approxi-
‘mately four and a half pounds of ice per hour, assum-
ing that the system is in continuous operation.

TYPES OF SYSTEMS

ABSORPTION VS. COMPRESSION

While the principle of vaporization is almost uni-
versally used in the refrigeration procss, the methods
emploged may vary widely. Two practical methods

7

are used to circulate the refrigerant through the sys-
tem and to produce condensation so that the refrig-
erant can be used over again, These are the absorption
eystem and the compression system.

In the absorption system, heat is employed as the

e
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T2

Figure 12.Compressor-Shaft Rotary Seal, Assembled and Exploded Views

sole agent to circulate the refrigerant and to assist in
the refrgersion proces. The system is made up of
intricate circui its _conts ining water,
used because of it ability o ab-
sorb large quantities of ammonia vapor; at room tem.
perature one quart of water will dissolve 500 quarts of
amimona vapor, Ammonia i wed s the refigerant
n gas is mixed with the ammonia in
sk Yower the ellscive vapor pressure of the
Ifliguid ammonia alone is introduced into
tor, its vapor pressure is the only pressure
. the e oo of e it s By om
wroducing hydrogen, which mises with but docs not
interact with ammor , the total vapor pressure
st he divided botwesn the e gasea, The sesullie
presare on the ammonia s now suliciently low to
caute the liquid ammonia to vaporize, In this manner
the refrigertion effet i achieved without the use of
s mechanical pressurereducing dovice so commonly
used in most syste rption system has
irtein advetnges, ush 6 10, moving part ‘and quiet
operation, these features are offct by the fact that
sich 8 systemn o considersbly lower n overall
ciency than that of the conventional compression
stem

"1 the eomprearion sytem, o mechazical compres
sor, Immlly driven by an electric motor, is used to
circulate the refrigerant and to raise the pressure of

¢ vapor suffciently high to cause condensation. The
compression system is much more adaptable to various
condiions than the absorpton system: It can e 3
wide range of refrigerants having boiling points and
other characteristics most suitable for the [mruculnr
application. For a given refrigeration cffect, it is more
economical to operate than the absorption system.

SEALED VS. OPEN SYSTEMS

In the carly days of household mechanical refrigera-
tion all systems were open, that is, they had a separate

motor and compressor, cither dircetly connected or
Belt driven, Thero ate sany reasons why this type of
system s no longer used, except for special applica-
tion. The motors were exposed to dirt and moisture.

Belts were a constant source of service trouble either
because they were worn out or because they were too
noisy. Perhaps the greatest disadvantage of the open

of the system. of
en system and these were also R itionst
ers. Moisture in_the system, introduced
by leaks in the low side or by faulty servicing,
another source of trouble,

The open system s preferable only when the size of
the unit makes the exchanging of the complete system
too unwieldy or cumbersome to handle.

Al of these factors led to the development of the
scaled system with the motor and compressor in a
single housing, with no flare-nut tubing connections,
and with no valves. All parts of the system, except the

MOTOR TERMIAL
SCEEVE
INSULATING WASHER.

FLAT WASHER.

INSULATING WASHER

s

Figure 13. Terminal-Lead Seal
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SEALED HOUSING
XHAUST

SEALED HOUSING

COMPRESSOR

Figure 14.

‘motor terminal seal shown in fi re hermetic-
ally ealed in meta. Figure 14 e acmss
ment of the sealed motor-compressor from the open-
type units.

ADVANTAGES OF A SEALED SYSTEM

aled system is in extensive use because of the
vantages it offers over the ope

1. Minimum maintenance — Fewer service calls are
required.

2. Cleanliness—Motor and compressor
dirt and moistureproof.

3. Permanent Inbrication — All moving parts arc
sealed in a lifetime supply of oil.

4.

TR

Open, Early-Type Sealed and Late-Type Sealed Motor-Compressors

Low noise Jovel—A sealedin motor-compressor
aids in minimizing n

s T wem do ot Bave 10

be h:ugml with refrigerants or oils during scry-

No leaks feom flare muts, vales, or xotary seal—
he major source of trouble in the open system is

eliminated.

No belts to wear out or become noisy.

No expansion valve to adjust — The function of

refrigerant injection into the evaporator is ob-

tained by a simple capillary tube.

AIl defective replacement units are rebuilt and

charged at the factory by skilled workers and pre-

cision machines. The rebuilt unit represents stand-

ards of workmanship and material that are not

attainable in most local repair shops.

LARED COUPLING

.
(Laintie

FOOD LINER

FLARED COUPLING
| (SucTioN LiNE >

VALVE

EVAPORATOR
/ coiLs

VALVE ——

STRAINER
oRIER— |
CONDENSER
CAPILLARY

TusE

MOTOR COMPRESSOR

Figure 15.

e

Semi-Sealed Refrigeration Unit

[



COMPONENTS OF A SEALED SYSTEM

SEMI-SEALED SYSTEMS

Some of the advantages of the sealed system and the
opensystem are combined inthe refrgeraion eplace-
s of lurger unit, particalrly in’ the frecee

e Tatte el et o b ot
pu..enu, ] ..mml.d, the comstrucion of the
evaporator, make it m e to have the re-
frxgcruunn avicnbly dekigncd o0 st onlyt el bigH
side need be replaced. A system of this type is shown
in

ure 15,
When tcoullo percaatin s iy s b R
motor-compressor, condenser, and connecting tubing

is replaced. The replacement u sent out fully
charged with the exact quantity of rn(n;ennl and oil.
The shut-off valves in the refrigerant lines are sealed
tightly until the unit is to be instal extra serv-
ice tank containing the same refrigorant as that used
in the system is required to completely purge the
ovaporaor tbing befaesthe Goal tubiog eounetions

‘made. After the tubes are connected, the shut-off
velres sz opemed to Sompleds tho dnHallationh Ths
information concerning semi-sealed systems is not in-
tended as service procedure, but merely explains the
general id

COMPONENTS OF A SEALED SYSTEM

There are three major parts i a scaled refrigerating
system, namely, the compressor, the condenser, an
the evaporator. The connecting tubing consists of the
capillary tube from the condenser to the evaporator,
the return tube ffom the evaporator to the compressor
and a short length of tubing from the compressor to
the condenser to complete the circuit, Figure 16 shows
a complete refrigerating system, crated for shipment.

The following information explains the function
and design of the individual parts of the system.

EVAPORATORS

The function of any type of evaporator is to pro-
vide a place in the refrigerating system where the
liquid refrigerant may be vaporized. The condition
that must be maintained is a pressure suffciently low
to reduce the boiling point of the refrigerant to a tem-
perature below the temperature of the air within the
Cakine,

Mechanical Design

‘The design of evaporators varies considerably; sor
have suffcient capacity to hold a substantial quantity
of liquid refrigerant, and others are made entirely of
coiled copper tubing that contains a very small quan-
tity of the refrigerant. The exaporsirswsed in Pileo
refrigerators are of the semi-looded type, containing
only & smal quantty of Tquid religerimt.

Phileo evaporators are designed to be strong and
rigid, and they are contrcted rom oo se sheets.
Before the sheets are joined a continuous groove is
promd inta o e et Al e piomeaiEaees
cess is completed, the two sheets are brazed together
to form a continuous path for the refrigerant through
the evaporator. The assembly is then formed into the
conventional evaporators shown in figures 17 and 18.

Under certain conditions, it s necessary to sprea
the cooling effect over a larger arca than would be pos-
sible if only one evaporator were used. Some freezer

CRATED REPLACEMENT UNIT

ez
Figure 16. Sealed Refrigerating System

systems, like the one shown in figure 19, make use of
this arrangement. Here the two evaporators are con-
nected as if only one were used, that is, the two see-
tions are joined in serics.

The two-door Philco refrigerator uses a specially
designed evaporator to permit it to pass through the
xear cabinet cutout when installation or replacement

15
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T2

Figure 17. Full-Width Evaporator

00

Figure 18. U-Type Evaporator

is necessary. Since the vertical dimensions of the
evaporator are slightly greater than those of the rear
cutout, the evaporator is designed so that its top ma
be lowered for removal. Figure 20 shows the channels
that support_the top of the evaporator when it is
mounted n the cabinl, When the channel mounting
screw is removed. the top of the evaporator may be
Iowered sufiiently to permit it to pass out throagh
the rear catout.

Figure 19. Twin Evaporators




COMPONENTS OF A SEALED SYSTEM

Cooling Capacity

An evaporator must have cnough exposed surface
10 transfer the cabinet heat to the refrigerant. Tn gen-
eral, the greater the heat load the evaporator must
handle the larger the exposed surface should be. To
produce a definite cooling eflct the evaporator must
be able to vaporize liquid refrigerant at a given rate.

Effect of Frost

The evaporator walls must conduct heat freel
maintain continuous boiling. Anything that ten
obstruct this free flow of heat, sucl

Air Currents Within the Cabinet
Most of the heat in the cabinet that arrives at the

evaporator is carried b

teior of the eabinet is to be

i
ocked of ith foods crowded an the shelv the
transfer of heat will be slowed down and a loss of re-
rigerating capacity will result.

CCONDENSERS

‘The function of the condenser in a refrigerating sye-
tem s to maintain conditions that will cause the refrig-
erant vapor to condense to a Jiquid. Since a vapor
must release some of its heat to cause it to condense,
one of the conditions is that the whole condenser must
be at o higher tempersture than the surrounding
medium, usually he other condition is that the
Prosmce muuet e high smough 16 e GondeRmeiic

Mechanical Design

The mechanical design of condensers covers a wide
ensers are classificd by the method of
cooling, that is, whether they are air-cooled or water-
If they are air-cooled, condensers may again
be clasified by their mechanical design; they may be
of the plate type, or may consist of finned copper tub-
ing. A third classification in the air-cooled types de-
pends upon whether the condenser cooling is accom-
plished with natural or forced draft.

Air-Cooled Condensers

All Phileo refrigerators and freczers use air-cooled
condensers, but they may be of cither the plate or
finned-tube type. The plate-type condenser shown in

TrozmiA

Figure 20.  Collapsible Evaporator

am.

Figure 21. _Plate-Type Condenser

figure 21 is used on all of the present models of Philco
refrigerators. This condenser has several advantages
over the older finned-tube type as explained below.
The plate-type condensers cannot become clogged
with dirt Decpuse the air merely them, not
through small openings as it does in the finned type.
When installed on the rear of the cabinet, they act s
lue to create a natural air draft. They are more

17
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a2
Figure 22. Detailed View of Plate Condenser

economical 1o build than the finned copper-tube con-
densers. A detail of the mechanical structure of the
plate condenser is shown in figure 22.

hile several advantageous features of the plate
condenser have been pointed out, there are certain
types of systems used in Philco freezers where the use
of the finned-tube condenser serves best. Where space
is restricted, a very small finned-tube condenser may
e ured and the heat emoral astened by win forcd

ing air through the condenser. I forced draft were not
utilized a much larger condenser li
in figure 23, would be required. To gain sufficient heat
radiation surface without the use of forced draft, two

one were used, that is, they are connected in series.
The natural draft caused by the heat of the con-
denser and motor-compressor, provides sufficient con.
denser cooling in Philco refrigerators. In older models
using finned-tube condensers, a flue was provided on
the rear of the cabinet to assist in removing the hot air
from the condenser. Remember that all of the heat
that is absorbed at the evaporator is released at the
condenser in the form of sensible heat, This heat is
cither removed by surrounding air currents, by na.
tural or foreed draft, or by water as explained below,

Water-Cooled Condensers

This type of condenser is used extensively in com-
mercial installations. The simplest water-cooled con-
denser is known as the shell-and-coil type and is illus.
trated in figure 25, Refrigerant vapor from the com.

ressor enters the closed drum or shell and is cooled

y contact with the coiled tubing through which the
cooling water flows. The Jowered temperature result.
ing from the heat that is removed by the circulating
water causes the vapor to condense.

Water-cooled condensers are not used in Philco
refrigerators or freezers but are utilized in some of the
larger Phileo air conditioners.

18

s
Figure 23, Finned-Tube-Type Condenser

T
Figure 24, Twin Finned-Tube-Type Condensers



CCOMPONENTS

OF A SEALED SYSTEM

Radiation Capaci

A condenser that is designed for a given refrigera-
ting system must be able to radiate heat at a definite
rate in orde tocool the refrigerant vapor cnough to
cause condenstion, During the running cycle,
evaporator absorbs a certain amount of heat from the
interior of I]m e that, during the same
running cycle, the condenser must be able to radiate
a similar amount o

"The abillty of a condeaser to radint hest depends
minly upon th ollovin fctor

urd; exposed 1o the cooling agent,

L

he lcmpcmlum dxﬂcrnnre between the cooling
agent and the
5. The amount o cpoling agent ueed.

CCOMPRESSORS

o compremorfn 1 sefigerniog sy secivs
h

esults in a rise in temperature if no change of
e ol et e
vapor, without condensation, the temperature of the
compressed vapor must rise accordingly. It can be scen
from the process described above that the function of
the compressor is to take the vapor from the evapora-
tor, raise it pressure and temperature, then discharge
the vapor to the condener. The temperatue of the
vapor discharged from the compressor must be higher
than the condensercooling medium in order that the
condenser can cool the refrigerant suffciently to cause
condensation. There are two types of refrigerating
compressors in general use; the reciprocating com-
pr (rw. shown in figure 26 and the rotary compressor
in figure 27.

Displacement and Clearance

The amount of refrigerant a compressor circulates
throuh th ystem depends upon the speed (1 P.M.)
of the compressor and its displacement. The displace-
ment of a comprescor s a measure of the quantity of
vapor it can handle during cach revolution and is
wsually expressed in cubic inches. When the piston of
a reciprocating compreseor reaches the top, the spi

ume. The clearance volume in a compressor is onc of
the new factors that determines the amount of com-
pression effciency. When the design of the compressor
allows for a very small clearance, the compressor effi-
ciency will be high accordingly.

Reciprocating Compressor

rocating or piston-type compressor is used
in ol Phiko efigerstors and freeser. Before the
descipionof the detailed coniuction and operation

the Phileo clvmpre-mr, 2 discaseionof compressor
ion in general, will be given.

Tiaun
LINE  STRAINER

FROM COMPRESSOR

COOLING
WATER

VAPOR

CONDENSED
EFRIGERANT

COOLING
== WATER
out

Figure 25. Shell-and-Tube-Type Water-Cooled
Condenser

TR

INTAKE

SUCTION STROKE
A

DISCHARGE

COMPRESSION STROKE
[

SEAL POINT,

ORIVE snm

sucTio The

Figure 26. Typical Reciprocating Compressor

DISCHARGE PORT

iz

e

Figure 27. Typical Rotary Compressor
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T
Figure 28. Motor-Compressor, External View

The compressor shown in figure 26 is designed for
an open eystem, that is, a compressor with 1 scparate
motor drive, usually belt connected. This type of com-
pressor requires a rotary scal to prevent leaks wh
the rotating shaft pastes through the compressor

ousing.

The action of the piston-type compressor is quite
simple. In figure 26, part A, as the crankshaft turns,
the piston it pulled downward, thus creating a partial
vacuum in the space above the piston, The vapor pres-
sure in the suction line pushes the intake valve open
and permits vapor to enter the cylinder during the
down trip of the piston. After the piston reaches
bottom center and starts upward as shown in part B
of figure 26, the increasing vapor pressure within the
eylinder allows the intake valve to close and also opens
the exhaust valve when the pressure in the cylinder
becomes greater than the pressure in the exhavust line.
The intake and exhaust valves in these compressors

re opened by vapor pressure and closed by spring
action. With the upward travel of the piston, vapor
‘under high pressure passes through the exhaust valve,
and is discharged to the condenser. The piston travel
discused abovesepresents one revolution of the erank-
shaft,

Rotary Compressor

igure 27 shows a typical rotary compressor in
which there are four dliding blades carried by the
rotor. The sliding blades operate in slots in the rotor

are held against the compressor housing by cen-
trifugal force or as shown in the figure by compression
op!

rings.
The rotor is offsct or eccentric in relation to the
ing in which it revolves, causing the rotor to seal
against the housing at one point as shown,
‘The action of this particular rotary compressor s
explained below. Vapor from the suction line passes
ugh the intake to the space between the rotor, the

T

Figure 29. Internally Spring-Mounted
Motor-Compressor

housing, and two adjacent blades, As the rotor re-
volves in the direetion indicated by the arrow, the
vapor is trapped between two adjacent rotor blades.
As th

Connecting Rod Type Motor-Compressor

This type of reciprocating compressor s used by
Philco; two design variations being the connecting rod
type and the scotch yoke type. The connecting rod
type will be discussed first. L

In the Philco scaled system the motor is directly
connected to the compressor, that is, the c

cither under the entire assembly o within the housing
supporting the motor-compressor only.

Infernally Spring-Mounted Motor-Compressor

If the spring supports are within the housing, the

nit is known as an internally spring:mounted motor-
compressor. Three mounting springs are used, one of
which is shown in figure 29. The main advantage of
this type of support is that there is no external vibra-
tion. The suction and liquid lines are entirely free
from vibration because the entire housing is mounted
rigidly on the refrigerator base. Internal mounting of
motor-compressors is used on all current models of
Philco refrigerators.



Figure 30. Externally Spring-Mounted
otor-Compressor
Externally Spring-Mounted Motor-Compressor

Earlier models of Philco refrigerators are cquipped
with externally spring-mounted motor-compressors;

scc figure 30. This mounting was effective in cushion-
ing vibratory

ing t
catiesly overcumse when' fnlérnal aeiieiog e
adopted.

CCOMPRESSOR PARTS

Figare 31 shows a cutaway view of a Phileo standard
internally peingimoiiod moviseoursElil th
numbers des principal parts.

e TON MOFFLER. S ol Fhitco compres-
sors have but one eylinder the muffler is usey
cushion, or smooth out, the refrigerant flow

2 CRANKSHAFT, What s called the crankshat s
al<o the motor shaft because both motor and compres-
sor aperae as o unit

ANKC.

he crank case is that part of the
rnlnprruur that houses the crankshaf
ER T

the‘ond of the cylinder, and s
tions as shown, one for the vapor by e
for the discharge of the compressed vapor. The valve
plate, located under the cylinder head, contains the
intake and discharge vl
ON. The function of the piston is to take
v’l;mr s cylinder on the imvard stroke and to
compress it on the outward strol
6. CONNECTING ROD, The connecting rod, as the
e suggests, comnetsthe pston to the craniahaft
roary mationof the crankabat o the
“hack and forth” mtion of he pis
7. THRUST PLATE. The lhmsl Tt il i
. support for the cranke]
JREOARD BEARING. The outboard bearing
is the lower crankshaft bearing,

T
Figure 31.  Motor-Compressor, Cutaway View

9. COUNTERWEIGHT. The counterweight serves
10 balance the crankshaft. The unbalanced condition
iscausd by the weight of the crank offct and the con-
necting rod.

10. MOTOR WINDING. The motor yinding in ol
Philco refrigerators and freezers is of the split-phase
induction type. Two scparate sets of S
the stator winding; one set is the starting winding and
the other, the running winding. To start the motor
oth windings must be encrgized, but once it omes to
e rated speed, only the running w s required.

B utd to disconmit the stasting winding
wlwn e et percent of tallToat

P11, ROTOR. The rotor, or the part of the motor that
rotates, consists of laminated silicon steel discs piled
to form the body of the rotor, with metal conductors
imbedded in the laminations. These conductors are all
joined at each end of the rotor with the metal rings
shown in the illustration.

With this comstruction of the motor, all windings
and moving parts are exposed to the refrigerant.

12. DISCHARGE TUBE ASSEMBLY. Since the in-
ternally spring-mounted motor-compressor is free to
vibrate inside the housing, the discharge tube must

comprescor and the other to the stationary
the cule tabing s wsed for this purpote.

mall vanes on the rotor serve to circulate

du: ctarn gos and apply f cooliag ffcet to the motor

indin

""J4. SUCTION TUBE. The suction line from the

evaporator, not shown in the illustration carries the

refrigerant vapor to the interior of the motor-compres-

n
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i
3 9. sichion fabe

i Sraniian 18 Motor sheter wind
5 Gihdarhead 0 Fe

£ Bheharge e essembly

T
Figure 32.  Scotch Yoke-Type Mofor-Compressor

sor housing, from which point it is picked up by the

suction intake and passed on to the compressor. Since

the intake is not a continuous tube, no extra coil is
n.

necessary to absorb vibratio

Scotch Yoke-Type Motor Compressor

The scotch yoke-type compressor is used in some of
the Phileo T-cubie foot refrigerators. While it is a
reciprocating compressor, its mechanical design differs
radically from the piston-type compressor. It s often
called a “compact” type because of its shape. Figure
32 shows an exposed view of the yoke-type c
with the directly-connected motor mounted above it.
This compressor has a erankshaft but no connecting
od, as the piston is operated dircetly by the action of
the yoke block. The yoke block and piston are cither
fastened rigidly together or made in one piece.

The operation of the yoke-type compressor is illus-
trated graphically in figure 33. The piston and crank-
shaft positions in a standard reciprocating compressor
shown in part A are compared with similar positions
in the yoke type, shown in part B.

An inspection of figure 34 shows the rotor mounted
above the compressor, and illustrates the major opera-
ting parts,

The crossslide pin fits into the yoke block and the
crank pin is inserted in the hole in the cross-slide pin.
The crossslide pin s fitted so that it slides freely in
the yoke block when the crankshaft revolves. The
rotation of the crankehaft moves the cross-slide pin in
the yoke block, and the combined crossslide pin
motion together with the rotating crankshaft motion
causes the entire yoke block and piston assembly to
move back and forth in the cylinder. In this manner
a reciprocating motion is transmitted to the piston
without the usual connecting rod and piston pin. The
crossslide pin js at the center of the yoke block when
the piston is at either top center or bottom center.

2

CYLINDER WALL.

=)
PE—©
ZEO =D

. CRANK ACTION b. YOKE ACTION

s

Figure 33. Piston Movement, Connecting Rod vs.
Scotch Yoke Type

Compressor Oil
we special

0il for refrigerator comp: FRe A

characteristics to make it sui

must have an extremely low pour-point temperature;
below this point the oil becomes too heavy to be
poured. Above all, it must be thoroughly clean and
dry. All refrigeration oils are hygroscopic, meaning
that they readily absorb moisture. If oil has been ex-
posed to the atmosphere for a considerable length of
time, it should never be used in a refrigerating system.

Philco refrigerating systems are charged with an
exact quantity of oil at the factory and since the oil

> romanovorcuu e
PR

TR

Figure 34. Operating Parts of Yoke-Type Compressor

e



FACTORY TESTS ON ENTIRE SYSTEM

TPI-hzEA

Figurs 35, CrossSectionl View of Connecting
Rod Type Motor-Compressor

is sl i, the motor-compressor housing, no addi-
el i © required for fo of the

e o e o o
Freon-12 and some oil particles are carried with the
refrigerant vapor throughout the entire syste;

Fi the usual metho of nbrctin all
com . The vertical crankshaft has
an ol ductae mdwa(cd x,, the dotted lines. The duct
starts at the lower end of the crankshaft and s so de-
sigaod at this pot thavit sct like a small cntrifugal
pump, forcing oil to flow up the shaft to the con-
e rod el matn hesting e s S
contains a duct that carries oil to the piston wrist pin.

Oil-Cooling Condenser

oikeoling condenser s used i the lagerof the
Phileo two-door refrigerators to cooling the
ator compressor. Thts ansilicy condealet i Lmle:
between the bottom of the plate condenser and the
rear of the cabinet. Its action is as follows:

The discharge line from the motor compressor car-
visth hihprecur, gl temperature vapor 0 the
oilcooling condenser, where enough heat is radiated
o produe partial sondemsation. From this point the
semiliquid refrigerant is returned by a tube through
the o in the motor compressor base, Since the oil s
now wa ¢ refrigerant in the tube, enough
eat omer the selrgerant 10 completely vaporae it

i

Figure 36, Strainer Location in Liquid Line

and produce & rfrigerating effet nside of the motox
compressor. After the refrigerant has passed
through the A i S compressor
and carrics the refrigerant through the system in the
regular manner.

STRAINERS

When the liquid refrigerant moves from the con-
denser, it passes through the fine mesh strainer shown
by the dottd lineinBigure 36 Such 1 device i use 19

a precaution in case smmall quantitics of scale or dirt
are left in the system during manufacture. A very
small amount of foreign matter will clog the capillary
tube and retard or stop refrigeration.

DRIER (DEHYDRATORS)

A drier is placed in the system where the capillary
tube enters the evaporator. When refrigerators are
assembled at the facory, extreme care i used 10 pre
Vent moisture from entering the system and to make
vons At el pas nee wNRTaIEly deyiHEfer Ml
ing assembly. But in caze a e of moistare
remains in the system, a_drier, shown in figure 6, i
berted i e Haghd s Th dcfon pints w

which has the ability to absorb a considerable qu:
sty of water, Silcagel,  hard rystalline substance, i
very porous, but the pores are so small that they
MG R e

FACTORY TESTS ON ENTIRE SYSTEM

The Philco unit assemblies, which make up the es-
sential operating porion of the refrgerator, re iven
a series of tests to ensure their proper performanc
and complince ithestablshd production i
ki

ne method of handling the units,
through use of an overhead conveyor system is used.
The uaite, attached t the conveyar, are given @ series

of tests as they move along, the results being marked
on's Phistory” tag attached 1o cach unit. At the end of
the run, the units successfully passing the tests are
approved, and any which do not meet the require-
ments are sent back for reproeessing. Service replace-
ment unit assemblies receive the same tests as the
original factory assemblies.
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PRESSURE TEST

Befcrs f wat smenkly is chacged ith Freon2
and ofl, it is subject immersion test in an
squariuniype dunk unk m ‘eheck for leakage, Whi
immerse ath, the unit is sub-
jected to G mmm ..m of from 235 to 250
‘pounds per square inch. Sufficient time is allowed to
make adequate observation for leaks.

LEAK TEST

After the unit-assembly has been found to be frec of
e mottod, e
complete unit is thoroughly dehydrated to remove all
traces of moisture and noncondensible gases and then
charged with carefully measured Freon12 and oil
Then a leak et s made ith a halide torch and alo

electronic leak detector for possible refrig-
SraotLeakage trom the wait

OPERATIONAL TEST

Theunit ssembly now fully charged, e ready for s
performance test a perating condi-
i0a g i et Vi (caing S conveyor pre-
yiouly mentioned). The tet includes the following

item:

1. A check on the proper refrigerant charge by ob-
servation of the frost distribution on the evaporator
and sucion line when it is operating under conditions
ich will permit obtaining evaporator temperatures
wxlhm the normal operating range of the evaporator.

2. A leakage check to determine tightness of the re-
frigerating unit after all connections have been sealed.

3. A wattage check on the motor.

Checks on the clectrical portion of the unit are also
made. They include:

1. & check on the overload and relay poration is
made by starting the unit at maximum voltage,
Bl e
comes up to spec

2. A relay check is made by starting the unit at re-
duced voltage, when the unit is hot, to determine
whether the relay operates and the unit starts
normally.

3. A circnit-breaker check is made by impressing a
reduced voltage s0 as to prevent the unit from starting
and by noting the time for the circuit breaker to reset.

4. A noise check is made by comparing the amount
of noise made by an operating unit with that of an
S

otential voltage check is made for pos-
bl inafation fallare o grounds.

TESTING A SEALED SYSTEM

service man should Imxlxame hxmlc“ with the

operation of refrigeration units by eck-
ing the performance of one known i sood con-
dition. In be il become famil e
temperataees of the arous pars of

h
it opersting propely. By making I]wse checks, I
ill develop the al ow a unit is

four minutes. At the end of this period the unit should

start, indicating that the pressures in the system are

cquafsing through the capillry tube at he proper
cascs of a partial restriction in the s

B mairelied fokthe preseurs o oquslive will be

de
performing by merely r’;umg various i parts of 15 a7
tem and noting the com; uch
information, along with a -:]xeckllp o the mormal
evaporatr frosting, permits the service man (0 make a
comprehensive study of each unit in a very short
Ptﬂod of time.

It is advisable to make two or more checks on a
unit before reaching any definite conclusion. If the
unit has been standing idle for an extended period, it
should be operated for some time to stabilize tempera-
tures before a final check is made. When checking for
the cause of trouble in a scaled unit, the. e following con-
ditions in the system should be note

FROST ON LINES
I the unit has been running long enough so that its
temperature is stabilized, frost on the suction Tine
should not extend beyond the point shown in figure
3. Frost dhould mever oceur on th capilay tube it
e unit is operating properly.
PRESSURE-EQUALIZING TIME

Determine the preseure-equalizing time as follows:
Shut the unit off and allow it to remain off for about

2%

el j"\

(&

i

Figure 37. Location of Normal Frost-Back Point

@
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TESTING A SEALED SYSTEM

considerably longer, depending upon the amount of
restriction.

TEMPERATURE CONDITIONS IN THE SYSTEM

Evaporator, Tho evaporator should be wiformly
frosted over its entire surf;

Dischargo Line (Compressor to Condenser). This
line should be decidedly warm at any time that the
unit is operating properly.

Suction Line (Evaporator to Compressor). The suc-
tion line should bo cold but no frosed.

. Since the compressor pumps hot vapor
e tnndcm:n the frt pae ux tubine should be
quite warm, perhaps 135 to 201 . This portion
of the condenser I radiating the Imn e

RESTRICTION IN THE HIGH SIDE
(LESS CAPILLARY)
Restriction in the eystem, caused by foreign matter
&, is usually apparent for one or
more of the following reasons
In the case of a restriction in the high side, other
than in the capillary tube, the only effect is that of
slowing down the entire movement of refrigerant. This
condition applis to all cases, except those in which
there is an almost complete restriction. If enough re-
igerant passes the restrictions, the evaporator may
frost evenly, but the extent of cooling would depend
upon how much the circulation is slowed down.
Because the flow of refrigerant is slowed down,
there is a tendency to fll the condenser, or at least the
lower s (loops) of the condenser, with liquid.
his liquid reduces the ffciency of the condenser by
cumng  down e amonmt of ave ofthe condemier that
is devoted to removing heat fro; or that is
belog pumped ot i The ultinat reut i thatTese
heat radiation takes place which results in reduced
bigeating apaaty:Undeal o conditons, the
condenser outlel temperature may be only slightly
above room temperature and the evaporator may
only partially frosted. Even with the reduced capacity,
it is entirely possible that the unit will lower the tem-
perature of the cvaporator enough o that the unit
will shut oft if the temperature control is set on one of
the wacme poiions,If the unit does shut of, the
evaporsor varms apidly H m liquid

inge. 10 o shut off, the on-cycle will be un-
red to the offcyele, In cither
e meior-comprestor may stall at the next start

RESTRICTION IN THE CAPILLARY TUBE

re is one definite indication of restriction in the
frost or gweatingon the tube
ctio case of a
m= pelote e
ost along the capill o reason
heing that cxpansion takes place within the tube itelf

RESTRICTION IN THE LOW SIDE

the low side of the
a restriction on the

An indication of retriction i
system ia very much the sam
Py
it the reolt that, the crapoesios temperature.
er be as low as it would be on a normal unit. A
x:lmcuon in the suction line will raise the evaporator
temperature hecause the pressure will tend to build
up in that part of the system.

MOISTURE IN THE SYSTEM

Extreme caution i wsed in manufacturing sesled
refrigerating units to ensure that the interior of
systom iscompletely debydrated singe cven u trace of
moisture may cause trouble r date. In the
event that there is moisture in m, the moisture

sufisently to freeze the water nto ce and
restrict the flow of refrigera may form
at the upper end of the cnpﬂhry o completely
stop the relrigerant flow. This may cause intermittent
operation because after the refrigerant flow stops, the
evaporator will warm up enough to melt the ice and
allow refrigeration to start again, only to be stopped
when more ice forms. This tion is
Jargely due to tripping of the motor cireuit-breaker

o prevent the possibility of this action in the
Phileo refrigerators and freezers drier or
dehydrator s placed i tho Hquid Tine ot the uppes!
end of the capillary tube.

LEAK DETECTORS

When cting for lesks the presure in both side of
the system must be above atmospheric pressure. Turn
the o OFE o i pres

geeant trappodin the condensce soatiascsto How
pnll the restriction through the capillary to the evapo-
rator, the press not equalize as rapidly as it
oull under normal conditions
the evaporator warms rapidly or the pressures
cqualizo lowly, it is probablethat the uit will stall
at the beginning of
With the rnduccrl cnpnclly ta quite Tikely that the
nit will never pull down to a point where the tem-
perature conteol will shut of o tho colder tempera:

sure to equalize before making a leak test on the low
side of the system.

Soap Lather or Oil Test

To make this test, prepare a soap lather and lgply
10 alllheazed o acldieei conncctions in the tu

and at the motor-compressor terminal
Hbies o Farslct thnl meE e g.; i et
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Figure 38. Halide Torch

ing. Light oil or liquid soap may also be used when
making the test.

Halide Torch

A common type of et torcly available for gk tet
ed alcy irmer and is shown

e construted oo that e
e S R
of the toseh, l\ fxible detecing tube s Bror e vt
the torch, ces of Freon gas to the flame
sehion he ‘en ead of the tabe & is held near a leak. If
the torch is burning normall uces an almost

be well ventilated; if not, the air from any sction of
the room may contain suffcient Freon vapor to ca
the flame to burn green. The flame should be kept in
the dark as much as ,m...l,h so that slight changes in
its color may noticer
Carbon tetrachloride, often ased in washing equip-
ment parts, produces fumes which give the same indi
cation as Eekon when tha eak deteeior I nted.

UNDERCHARGE OF REFRIGERANT

1f the unit is undercharged, there may not be suff-
cient refrigerant o carry all the way through the
evaporator. The result is that the evaporator is par-
tially froste frosted only on that section ux the
a Abeeithat 2t cantace th e, v g
Tig

However sinee:thero is ot the wsaal amount of
Tiquid vaporizing, the compressor will produce a less-
thannormal pressure in the evaporator. The lowered
pressure results in a lower than normal temperature
on that portion of the evaporator that is being frosted.
This accounts for two things; one, the variation in the

2

frost deposits on the evaporator, and the other, the
fact that in many cases the unit of refrigerant will ac-
tally el the eples froquently bing of short durs-

"I that porton of the evaporator to which the tem.
perature conteol ecle tabo s aitached s Irosed, it s
xeadily appazent why the it will shut ofl. The of
oyle bowver, may be shortr than the

many case, Afer the unit ¢ has sht off, the frosted
portion of the evaporator warms up very rapidly be-
it the entine fatosior of the reigerator 1s onsider
ably warmer than it would be under ordinary circum-

o

s
e procedure for making checks for undercharge
are described below.

isual Check for Undercharge

Open the refrigerator door, and check for uniform
dumhnnun of frost over the entire evaporator. The

el Fronted, i the cvaporator s not completely
frosted, make the following operational check.

Operational Check for Undercharge

.- Tomm the tempersturocontel 1o OFF and allw
vaporator to p unil it s entiely de-

e lemperature contro
position.
P Alow the unit to operate untl the frost pattern
on the evaporator ceases to change.

3.1f the evaporator is not ‘completely frosted at this
time, the system is undercharged (or otherwise defec-
tive) and should be replaced.

OVERCHARGE OF REFRIGERANT

Overcharge means that the system contains oo
much refrig: ut a great deal depends upon the
extent of overcharge. Overcharge causes the evapora-
torto be so fll of i refigeran tht some of this
Tiquid finds its way into the suction line and vaporiz
50 W ek Wi, bt is eing abvorbod; nol
only from the interior of the refrigerator, but a
ik vooin 1o 7hich the sectcn Tae 1 exposod,
Therefore, if the overcharge is slight, it is readily ap-
parent that there will be very litle effect on the unit.
Howcvcr. if there is an ble overcharge and a
cat vaporization is taking place outside of
The insulated cabinet in temperatures that are quie
arm, the reault i a sc in the

pereture 1o
Becaito of the tacreased oai unit, the linc
from the compressor to the condenser as well as the
condenser itself will all he at a higher temperature
than they would be if these parts were only dissipating
the heat that was removed from the interior of the
refrigerator.
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TS
Figure 39. Thermometer Frozen fo Floor of
Evaporator

Another effect of frostback is the resulting frost
which collects on that portion of the suction line
which passes through the insulation layer in the cabi-
et wall. When the unit stops, the frost on this section
of the suction line will melt and set up a condition in
the insulation that is very undesirable.

he precedure for making checks for overcharge is
described below:

Visual Check for Overcharge

Check for signs of sweating or frosting on the suc-
tion line. If no sweating is observed, it is a good indica-
tion that the system is not overcharged. If sweating or
frosting is observed, check for overcharge as follows:

Operational Check for Overcharge

1. Set the temperature control to its coldest position.
2, Remove the outer cover plate on the rear of the
inet and remove sufficient insulation to uncover the

suction line.
3. Operate the unit until the frost-back on the suc-
tion line ceases to increase. At this time, the frost-back
t not exceed the maximum Jimit shown in figure

31,

LOW-CAPACITY COMPRESSOR

In a low-capacity compressor, it merely hecomes a
case of not heing able to remove vapor from the boil-
ing refrigerant in the evaporator fast enough to bring
about a sufficiently low temperature. This condition is
Targely due to defective valves, worn cylinder walls, or
worn moving parts. With sufficient refrigerant in the
evaporator, the temperature in the evaporator will be
fairly uniform, whether it is actually frosting or is
‘merely cooling off enough to cause condensation.

T

Figure 40. Vertical Mounting of Thermometer

The type of cyele will naturally be governed by the
extent of the reduction of capacity of the compressor.
Tn extreme cases, the unit may never be pulled down
10 allow enough temperature to cause the unit to shut
off. It may, in some cases, cause the unit to eycle on
the warmer settings. I it does eyele, it is probable that
the on-cyele s extremely long as compared to the off-

With a low-capacity compressor, a less-than-normal
amount of heat is removed from the interior of the re-
frigerator. Accordingly, a less than normal amount of
heat is relcased from the vapor at the condenser. The
result s that the condenser operates at a temperature
which may be only lukewarm.

TEMPERATURE CHECK

The evaporator temperature is checked by means of
a thermometer which is usually frozen to the bottom
center of the evaporator as shown in figure 39. In some
instances the instructions may require the thermom-
eter to be fastened to a vertical cold wall by means of
a moistened fabric as shown in figure 40. However, the
instructions for the thermometer placement, as well
as the cut-off and cut-on temperatures are to be ob-
tained from the appropriate service manual or other
available data source which applies to the unit being
checked.

1f the cut-on and cut-off temperatures are not main-
tained, the reason may be due to one or several of the
following conditions:

1. Temperature control not functioning properly.

2. Line voltage too low.

3. Incorrect connection hetween feeler tube and

evaporator.

4, Trouble within the refrigerating system.

Before checking the system for abnormal tempera-
ture conditions, see that the condenser is clean ans
free of dust or other accumulation. Check the line
Voltage. If the voltage varies more than 10 percent of
the rated voltage, it may be the main cause of im-

7



SEALED REFRIGERATING SYSTEMS

proper operation of the unit. If the refrigerator is lo-
cated in a section of the room where the temperature
is excessive, & change in refrigerator location to a more
e e
e fo focl tabo aul craposaton to ses that it
clamped properly. It may be found necessary to re-
place the temperature control. When all of the above

heeks have been made, operas the refigerator at
Teas through two cyclos aking femperaturo readings.
1 the unit contin: eratures

which do not fal within the Tiits specii for the
paricalar model the refrgerstion system should bo
Tepl

WATTAGE CHECK

Firt et the temperaturecontol to positon 1 (the

meter o the
e e
cord plug to the wattmeter mcepunln o g
B ) e e
{2) room tempersture and (3) the plmcuhr s of
the running cycle in which the u

R T e
the wattage reading falls within the maximum and
minimum_values lpcclﬁcd A consderably grater

aximum certain_indication of
e slight deviations
from the specificd values should not require removal
and replacement of the unit.

The wattage mamg will be lower than normal if
there is a riction in any part of the system.
Tt wall slso ma e than normal if the sysiem is

1

factor discuted under tentingasealed system that will
o

aformation,
G e D R A
ment except a pocket type ot 8 'i,emomexcr to
e ttmeter chec]
may be required in certain cases B e usually
essentia
Tt in impossible to definitely determine the temper:
tare of the varius pate o theunits refered o i tho
™ ese temperatures are relative to
turrounding. temperatares, e .
definite temperature differe the points
referred to, and these differences have a direct bearing

relative, the serv-
iccman should acquaint himself with temperatures of
the various points on units that are operating nor-
mally as previowly outlined. The experince gtincd

‘making periodic checkups on normal units will be
most. valusble, since the stealt ohtained from teats

information for tests of this nature; for
asumed tht theunit ar operatedfor | it peead of
i stabilization, and this time varies
s Refuigerators hat have boam stored
R e R G e e
performance until the entire motor-compressor dome
assembly has warmed up, indicating that most of the
Freon has left the oil. On the other hand, if the refrig-
crator sy been tored in g hot warchous it may take
or four hours for the temperature to stabiliz
throughout the cabinet.

e



NOTES




NOTES




NOTES




NOTES







Printed in U. 5. A




