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The present invention relates to refrigerating and air 
conditioning apparatus and more particularly to such 
apparatus which incorporates a mechanism for periodi 
cally circulating hot refrigerant through the components 
of the apparatus for defrosting purposes. 

Refrigerating apparatus is known in which the expan 
sion valve to the evaporator in the cooling compartment 
is either opened or by-passed to defrost the system. The 
compressor is then connected directly to the evaporator 
to permit warm gaseous refrigerant from the compressor 
to be circulated through the evaporator and melt the 
ice that is formed on its external surface during the 
cooling cycles of the apparatus. A problem has arisen 
in such systems in that it is necessary that the refrigerant 
circulating during the defrosting cycle be in gaseous 
form when it reaches the intake of the compressor. This 
is to avoid the "slugging” of liquid refrigerant through 
the compressor which would seriously handicap the op 
eration of that unit, 

This problem has been solved to some extent in the 
prior art by the provision of a second evaporator outside 
the cooling compartment in the suction conduit to the 
intake of the compressor, and by preceding this second 
evaporator by a second expansion valve. The additional 
expansion valve and evaporator operate to cause any 
liquid refrigerant in the suction conduit to be expanded 
to a gas before it reaches the intake of the compressor. 
However, for maximum efficiency during the defrosting 
cycle and to reduce the time of defrosting to a minimum, 
it is essential that only liquid refrigerant be fed to the 
additional expansion valve so that the expansion of the 
refrigerant and evaporation in the additional evaporator 
will occur at a relatively high pressure. It is obvious 
that if the refrigerant supplied to the second expansion 
valve is half gas and half liquid, as is the case in most 
prior art apparatus, expansion in the second evaporator 
will occur at a relatively low pressure as compared with 
the case in which only liquid refrigerant is fed to the 
second expansion valve. With relatively high pressure 
in the second evaporator, the gaseous refrigerant sup 
plied to the intake of the compressor is relatively dense 
and at a relatively high pressure. This results in a high 
weight of gas pumped by the compressor per unit volume 
so that a high amount of latent heat is available for 
defrosting. It is clear, therefore, that for maximum 
efficiencey during the defrosting cycle, liquid refrigerant 
only should be supplied to the second expansion valve. 
An object of the present invention is to provide im 

proved refrigerating and air conditioning apparatus in 
which the refrigerant is fed to the compressor in gaseous 
form during the defrosting operation and at a relatively 
high pressure and density for reduced defrost time as 
compared with prior art systems. This may conveniently 
be achieved by the provision of a second receiver in the 
suction line in front of the second expansion valve and 
second evaporator in that line, which receiver stores the 
refrigerant and assures that it will be fed to the second 
expansion valve only in liquid form. 
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In most prior art refrigeration installations of the type 

described above, the defrosting operation is initiated by 
by-passing the expansion valve to the main evaporator 
and by by-passing the main condenser and receiver. This 
enables the compressor to pump warm gaseous refrig 
erant directly to the main evaporator. However, when 
the direct path from the compressor to the main evap 
orator is first established to initiate the defrosting oper 
ation, an initial drop in pressure in the refrigerant fed 
to the main evaporator occurs. This results in expan 
sion and resulting cooling of the refrigerant to be used 
for the defrosting and thereby prolongs the defrost cycle. 
Another object of the present invention is to overcome 
this initial cooling effect, and this may be achieved by 
keeping the main receiver in the connection from the 
compressor to the main evaporator at the start of the 
defrost cycle, instead of connecting the compressor di 
rectly to the evaporator as in most prior art systems. 
This use of the main receiver during the defrost cycle 
causes warm liquid refrigerant to flow from the receiver 
at the start of the defrost cycle through the main evap 
orator to the second receiver described above. This not 
only prevents a drop in the pressure of the refrigerant 
when the defrost cycle is initiated to preclude the cool 
ing effect described above, but the second receiver is 
also filled with liquid refrigerant right at the start of the 
the defrosting operation so that it is immediately pre 
pared to feed liquid refrigerant to the second expansion 
valve for maximum pressure in the gaseous refrigerant 
fed to the intake of the compressor. 

For physical simplification, the apparatus of the pres 
ent invention may be constructed to use only two con 
duits or pipe lines between the cooling compartment and 
the compartment housing other components of the sys 
tem. This latter compartment shall be referred to as 
the “machine room' in the subsequent description. This 
use of two conduits only between the machine room and 
the cooling compartment, not only cuts material costs 
to a minimura but also simplifies the installation of the 
equipment. 
The apparatus of the invention can also be constructed 

so that the electrical connections in the cooling compart 
ment are independent of those in the machine room. 
This means that no electrical connections are required 
to extend between the cooling compartment and the 
machine room. This latter feature enables all electrical 
wiring efficiently to be made at the factory rather than 
in the field. 
Most refrigerating Systems include a drain pan as 

Sociated with the main evaporator and it is desirable 
during the defrosting operation to remove any ice that 
might have formed in this pan. Therefore, it is usual to 
provide some means for defrosting the drain pan during 
the defrost cycle. However, difficulties have arisen in 
providing a feasible system for defrosting the drain pan 
which does not have a tendency to refrigerate the drain 
pan during the refrigerating cycle. An ancillary feature 
of the present invention is the provision of a defrost coil 
around the drain pan and the positioning of the defrost 
by-passing valve at the outlet of this defrost coil and 
at the junction of this coil and the coil of the main 
evaporator. When the defrost valve is closed, as it is 
during the refrigerating or cooling cycle, it retains re 
frigerant in the coil around the drain pan at high pres 
sure. Therefore, when the defrost valve is closed at 
the termination of the defrosting operation, this does not 
result in a reduction in pressure in the drain pan coil 
which would produce the undesired refrigerating effect in 
the drain pan due to refrigerant expanding in that coil. 

Other obvious features and advantages of the refrigerat 
ing system of the invention will become evident as the 
description proceeds, 
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In the drawing: 
Figure 1 illustrates in somewhat schematic form one 

embodiment of the improved refrigerating apparatus of 
the invention; and ? • 

Figure 2 shows a second embodiment of the apparatus. 
of the invention. 
The embodiment of the invention ilustrated in Figure 

1 includes a plurality of components that are grouped 
in a machine room 0, and it includes another group of 
components which are positioned in a cooling compart 
ment 12. The components in the cooling compartment 
12 include a main evaporator 14, and this evaporator 
comprises a coil 16 and a series of fins. 18 associated 
with the coil. 
22, is positioned to circulate around the main evaporator 
14 air, water or other fluid that is to be cooled. A sec 
ond coil 24 is connected to the coil 16 of the main evap 
orator, and this second coil surrounds the drain pan of 
the evaporator and is used to defrost and remove. any ice 
or defrost that might have formed in the drain pan dur 
ing the refrigerating cycle. 
A defrost valve 26 is positioned at the outlet of the 

drain pan defrost coil 24 and at the junction of the 
coil 24, and the main evaporator coil 16. This valve 
in the illustrated embodiment is of the solenoid actuated 
type, and the valve opens whenever the solenoid section 
of the valve is energized. An inlet pipe line or conduit 
28 extends into the cooling chamber 12, and a first branch 
28a of this conduit is joined to the inlet end of the drain 
pan defrost coil 24. A second branch 28b of the inlet 
conduit 28 extends into a heat exchanger 30 (which will 
be described) and through the heat exchanger to a de 
hydrator 32. The branch 28b of the inlet conduit then 
passes through a solenoid operated valve 34 (whose 
function will be described) to an expansion valve 36. 
The expansion valve 36 may be of any well known type 
and may, for example, be a thermostatic expansion valve 
having a feeler tube 38. The tube 38 is mounted on a 
Suction conduit 40 extending from the outlet of the coil 
16 of the evaporator 14. The tube 38 regulates the 
expansion valve 36 in response to temperature variation 
of conduit 40 and in a manner well understood by those 
skilled in the refrigeration art. The expansion valve 36 
is connected between the iniet of the coil 16 of the main 
evaporator 14 and the outlet of the drain pan defrost 
coil 24. 
The outlet of the coil 16 of the main evaporator 14 

is connected to the suction conduit 40 as noted above, 
and this conduit passes through the heat exchanger 30. 
The suction conduit 40 is formed into a coil 4.0a in the 
heat exchanger, and this coil surrounds the portion of the 
branch 28b of the inlet conduit 28 within the heat ex 
changer. The suction conduit 40 then passes out of the 
cooling compartment to the machine room 10. 
The cooling compartment includes a pressure-timer 

switch 42. Switches of this type are known to the in 
dustry and are available on the market as a unit. Briefly, 
the Switch 42 includes an electrically energized timer 
which may be set to cause the unit to break a normally 
closed connection between contact 'a' and contact "b,” 
and to make a normally open connection between the 
contact “a” and contact "c.' This occurs after a pre 
determined time interval to which the timer is set. Then, 
in response to an increase in pressure in the conduit 44 
above an established threshold, a pressure bellows is ac 
tuated in the switch 42 which restores the original con 
nection between contacts 'a' and “b.' 
The cooling compartment 12 has a pair of input ter 

minals 46 which may be connected to any suitable en 
ergizing power source. One of the terminals 46 is con 
nected to the contact “a” on the pressure-timer switch 
42, and the other of these terminals is connected to one 
terminal of the solenoid valve 26 and to one terminal of 
the motor 22 of the fan 20. The contact "b" of the switch 

A fan. 20, which is driven by a fan motor 

4. 
42 is connected to the other terminal of the fan motor 
22, and the contact “c” of the switch 42 is connected 
to the other terminal of the solenoid valve 26. The 
solenoid valve 34 is connected across the input terminals 
46 through a thermostat 48. The thermostat may be set 
to energize and open the solenoid valve 34 whenever the 
temperature in the cooling compartment rises above a 
predetermined threshold. The timer in the switch 42 
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may also be connected through the thermostat 48, so that 
it is energized only during intervals when the valve 34 
is energized and open. ? 
The heat exchanger 30 may include a solid metallic 

block of relatively high heat conductivity surrounding the 
coil 40a and the portion of the arm 28b in the heat ex 
changer. 

... The machine room 10 of the apparatus includes a 
usual compressor 52. The outlet of the compressor is 
connected through a conduit 53 to the coil. 56 of a con 
denser 57. A pressure operated switch 54 of usual con 
struction is mounted on the conduit 53. A. series of fins 
58 are associated with the coil 56; and a fan 60, driven 
by a fan motor 62, may be used to circulate cool air or 
other condensing fluid around the condenser coil 56. The 
outlet of the condenser coil 56 is connected to a receiver 
54 which, in turn, is connected to the conduit 28 leading 
to the cooling compartment 12. 
The suction conduit 46 from the cooling compartment 

12 is connected to the inlet of a second receiver 68. A 
pressure operated switch. 66 is mounted on this conduit 
adjacent the second receiver. The outlet of the second 
receiver is connected through a second expansion valve 
70 to the inlet of a coil 72 associated with a second 
evaporator 74. The second evaporator includes a series 
of fins 76 mounted on the coil 72; and a fan 78, driven 
by a fan motor 30, may be used to circulate warm air 
over the second evaporator. 
The second expansion valve 70 has the construction 

and function set forth in the Kellie patent, U.S. 2,645,884, 
issued July 21, 1953. This valve which is known in the 
art as an automatic expansion type valve may be pur 
chased from Amin.co. Refrigeration Products Company, 
Detroit, Michigan, and is described by the vendor as a 
"compressor suction throttling valve.” Such a valve has 
an adjustable spring-loaded diaphragm counterbalanced 
by the fluid pressure on the outlet side of the valve to 
cause the valve to move from closed position to open 
position in response to a predetermind pressure setting, 
there being a small pressure differential existing from 
fully closed to fully open, say, a pressure differential of 2 
pounds p.s. i. During the defrost cycle the higher pres 
Sure passing through the orifice of the valve allows the 
valve to modulate and expand the liquid refrigerant into 
a gaseous state. 
A by-pass conduit 82 is provided between the suction 

conduit 40 and the outlet of the coil 72 of the evaporator 
74. The conduit 82 by-passes the receiver 68, the ex 
pansion valve '70 and the evaporator 74. A solenoid op 
erated valve 84 is positioned in the by-pass conduit 82, 
and when this valve is energized it operates to close the 
by-pass conduit. The upper end of the by-pass conduit 
is connected to the outlet of the coil 72 of the evaporator 
74 by a T-joint 86. This joint is positioned to have its 
section leading to the evaporator 74 disposed on a vertical 
axis, so that any liquid refrigerant that might pass through 
the liquid by-pass conduit 82 will fall by gravity into 
this evaporator and will not pass to the compressor 52. 
The outlet of the joint 86 is connected through a conduit 
87 to the intake of the compressor. A pressure operated 
switch 88 is mounted on the conduit 87. 
The machine room 10 has a pair of input terminals 

90 which are connected to a suitable power source. One 
of these terminals is connected directly to the motor 62 
of the fan 60 associated with the condenser 57 and the 
other is connected to this fan motor through the pressure 



5 
operated switches 38 and 54. Likewise, one of these 
terminals is connected directly to solenoid valve 84 in the 
by-pass conduit 82 and to the fan motor 80 of the fan 
78 associated with the second evaporator 74, and the 
other input terminal 90 is connected to these latter units 
through the pressure operated switch 66. 
The arrangement is such that when the pressure at the 

inlet of the condenser drops below a certain threshold 
so as to indicate a defrost cycle, the switch 54 responds 
to this decreased presure to deemergize the condenser fan 
60 associated with the condenser 57. Also the switch 
66 at the inlet to the receiver 68 responds to a correspond 
ing increase in pressure in the suction conduit 40 at the 
start of a defrost cycle to energize and close valve 84 in 
the by-pass conduit 82 and to energize the fan 78 asso 
ciated with the evaporator 76. 
One of the terminals 90 is also connected to the motor 

driving the compressor 52, and the other terminal is 
connected to the motor through the pressure operated 
switch 88. As previously noted, the pressure operated 
switch 88 is positioned at the intake of the compressor, 
and the compressor motor is energized whenever the 
pressure at its intake rises above the selected threshold 
so as to close the switch 88 and energize the compressor. 
Also, because the switch 88 is in the energizing circuit 
to the condenser fan 62, this fan is not energized when 
the compressor is not energized. 
When the apparatus is conditioned to be cycled in a 

series of cooling operations, the defrost solenoid valve 
26 in the cooling compartment is in a deemergized and 
closed condition. If the temperature is below the desired 
level, the solenoid valve 34 is also in a deemergized and 
closed condition. The fan 20 associated with the main 
evaporator 14 is energized to circulate the fluid to be 
cooled around the evaporator. In the machine room, the 
pressure operated switch 54 is closed, but the condenser 
fan 60 is not energized to circulate condensing fluid 
around the condenser 57 because the switch 88 is open. 
Also, the fan 78 of the evaporator 74 and the solenoid 
valve 84 in the by-pass conduit 82 are deenergized, 

Now, assuming that the temperature in the cooling com 
partment 12 rises to a value sufficient to initiate a cooling 
cycle. Then the thermostat 48 closes a circuit to the sole 
noid valve 34 opening that valve. This permits gaseous 
refrigerant to flow through the expansion valve 36 to 
the evaporator 14 and then to the suction line 40. This 
refrigerant is a saturated gas at the outlet of the evapo 
rator 14. The pressure of this refrigerant is not sufficient 
to operate the pressure operated switch 66 so it travels 
up the by-pass conduit 82. However, it has sufficient 
pressure to operate the switch 88 which is set to a lower 
pressure threshold than the switch 66, and the compressor 
52 and the condenser fan 60 are energized. 
The compressor now compresses the gaseous refrigerant 

and supplies the compressed gaseous refrigerant to the 
condenser 57. The fan 60 is in an energized condition 
and it circulates a condensing coolant around the con 
denser so that the compressed gas from the compressor 
is cooled and is condensed into a liquid that accumulates 
in the receiver 64. 
The liquid refrigerant is forced from the receiver 64 

through the conduit 28. The flow of the refrigerant 
through the branch 28a into the coil 24 of the drain pan 
is arrested by the closed defrost valve 26. However, the 
liquid refrigerant from the conduit 28 flows down the 
branch 28b and through the heat exchanger 30. It is 
cooled in the heat exchanger by the refrigerant leaving 
the main evaporator 14 in the suction conduit 40. The 
cooled liquid refrigerant from the heat exchanger 30 
passes through the dehydrator 32 which removes any 
water in the refrigerant, and it then passes through the 
open valve 34 to the expansion valve 36. The expansion 
valve 36 operates in known manner to cause the refrig 
erant to expand into the low pressure evaporator coil 16. 
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This expansion converts the liquid refrigerant to a gas 
and causes it to absorbits latent heat of evaporation from 
the fluid circulated around the evaporator by the fan 
20 so as to cool that fluid. The refrigerant leaves the 
coil 16 of the main evaporator 14 as a saturated gas. 
It then passes through the coil 4.0a and absorbs heat 
from the liquid refrigerant in the branch 28b. The 
gaseous refrigerant in the conduit 40 does not have suffi 
cient pressure to operate switch 66 and hence passes 
through the by-pass conduit 82 and through the conduit 
$7 to the intake of the compressor 52. 
As the refrigerating cycle progresses, the gaseous re 

frigerant circulated through the system becomes cooler 
and cooler, and the pressure of the gaseous refrigerant 
in the suction conduit 40 and in the by-pass conduit 82 
becomes lower and lower. When the temperature in the 
cooling compartment drops to a desired level, the thermo 
stat 48 deenergizes and closes the solenoid valve 34 to 
terminate the cooling cycle. This stops the flow of 
refrigerant. The compressor continues to operate until 
the pressure at its intake is reduced to a point such that 
the pressure operated switch 88 is operated to deemergize 
the compressor and condenser fan. None of the other 
electrical equipment in the machine room is affected 
by this because neither the switch 84 nor the switch 66 
were operated during the cooling cycle. Therefore the 
by-pass conduit 82 remains open. 
The operation of the system is now suspended until 

the temperature in the cooling compartment 12 again rises 
to a level sufficient to operate the thermostat so that 
another cooling cycle may be initiated. In this manner, 
the thermostat 48 is effective to cycle the compressor 52 
in the machine room without the need for interconnect 
ing electrical wiring and to initiate a cooling cycle each 
time the temperature in the cooling compartment rises 
to a predetermined level. The thermostat 48 and its 
associated solenoid 34 are not essential, because the 
switch 88 will stop the compressor whenever the pres 
sure of the refrigerant drops below the threshold of this 
switch. The pressure of the refrigerant drops with the 
temperature of the cooling compartment, and the thresh 
old of the switch 88 can be set to cut of the compressor 
whenever a desired temperature is reached. 
The timing of the defrosting operations is controlled 

by the pressure-timer switch 42. The timer in this switch 
42 may be directly energized from the terminals 46 so 
that the defrosting occurs at regularly timed intervals. 
However, it is preferable to energize the timer through 
the thermostat 48 so that the defrosts are made to depend 
upon the actual total time of the cooling cycles, rather 
than merely on total elapsed time. This more closely 
relates the occurrence of the defrosting operations to the 
time that such defrosting is actually required. As noted 
previously, to initiate a defrosting operation, the switch 
42 breaks the connection between its contact 'a' and its 
contact "b' and makes a connection between contact 'a' 
and contact “c.' This causes the fan 20 associated with 
the main evaporator to be deenergized, and the defrost 
solenoid valve 26 to be energized. 
When the above occurs, the warm liquid refrigerant 

from the receiver 64 passes through the conduit 28 and 
through the branch 28a and the drain pan coil 24. The 
liquid refrigerant then passes through the valve 26 to 
the evaporator coil 16 warming that coil to melt the 
frost that has formed on its external surface. The liquid 
refrigerant, now somewhat cooled, passes from the 
evaporator coil and through the heat exchanger 30 to the 
suction conduit 40. The liquid refrigerant passes through 
the heat exchanger but is not affected by it to any appre 
ciable extent as the incoming refrigerant is now passing 
through the branch 28a rather than the branch 28b 
through the heat exchanger. 
The pressure created by the liquid refrigerant in the 

suction line 40 on the pressure operated switch 66 causes 
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the Switch to close the by-pass conduit 82 by energizing 
the valve 84; and, at the same time, the switch 66 ener 
gizes the fan 78 associated with the second evaporator 74. 
The energizing of the fan 78 initiates a flow of warm 
fluid around the evaporator 74. 
The liquid refrigerant now accumulates in the receiver 

68 and is forced through the expansion valve 70 to the 
evaporator 74. The refrigerant expands to its gaseous 
state in the evaporator 74 and is fed to the intake of the 
compressor 52. The pressure of the gaseous refrigerant 
now passing the pressure switch 88 maintains the com 
pressor energized, but the pressure of the gaseous refrig 
erant now issuing from the compressor is not high 
enough to maintain the switch 54 in its former state, 
and this switch is actuated to deemergize the fan 60 asso 
ciated with the condenser 57. This terminates the flow 
of coolant around the condenser by the fan 60. The 
gaseous refrigerant from the compressor is now no longer 
condensed in the condenser 57. This is because of the 
reduced pressure at this point in the system and because 
of the reduced heat-exchanger effect due to the fan being 
deenergized. The hot gas from the compressor passes 
through the receiver 64 into the conduit 28 to be cir 
culated through the drain pan coil 24 and through the 
evaporator coil 6 until the defrosting operation is com 
pleted. This gaseous refrigerant is cooled in the evapora 
tor and emerges in the conduit 40 in essentially liquid 
form. This liquid refrigerant passes through the now 
ineffective heat exchanger 30 and it is accumulated in 
the receiver 68. The liquid refrigerant is then passed 
through the expansion valve 70 to the evaporator 74 
where it once more expands to a gas and is fed to the 
intake of the compressor 52. This circulation continues 
throughout the defrosting operation. - 
As the defrosting operation progresses, the pressure 

at the outlet of the evaporator 4 continues to increase 
as the temperature rises and the switches 66, 88 and 54 
do not change position. At the completion of the de 
frosting, the pressure of the refrigerant rises to a point 
such that the pressure in the conduit 44 causes the bel 
lows in the switch 42 to be actuated to disconnect the 
the connection of the contact. "a" from “c”, and return 
it to its original contact with contact "b.' This causes 
the defrost solenoid valve to close and the main evapo 
rator fan 20 to be energized. The system is then pre 
pared to reinitiate a series of cooling cycles. Now the 
refrigerant in the conduit 28 can no longer pass through 
the branch 23a and it passes through the branch 28b 
to the expansion valve 36. The expansion valve causes 
the refrigerant to expand in the evaporator 14 cooling 
the same. As the cooling progresses, and as the balance 
of refrigerant in receiver 68 is evaporated through ex 
pansion valve 79, the pressure in the suction conduit 
drops to return the switch 66 to its original condition. 
This deemergizes the valve 84 to open the by-pass conduit 
82 and also deemergizes the fan 78 associated with the 
Second evaporator 74. The pressure of the refrigerant is 
still too high to actuate the switch 88 and the compressor 
52 continues to be energized. Also, the pressure now 
is sufficiently high to operate the switch 54 and the con 
denser fan 63 is again energized. Now the system is op 
erating with full cooling efficiency. 
Weil the temperature of the cooling compartment 

drops to the desired level, the compressor is deemergized. 
This is either under the control of the valve 34 in turn 
controlled by the thermostat 48, as previously described, 
and/or under the control of the reduced pressure of the 
circulating refrigerant on the switch. 88 as also explained 
previously. - 

It will be observed, that when the defrost cycle is 
initiated in the system described, the receiver 64 is not 
by-passed, but is connected directly to the evaporator 
coil 16 through the defrost valve 26. This causes the 
liguid refrigerant from the receiver 64 to flow through 
the evaporator 4 to the receiver 68 at the beginning of 
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the defrosting operation so that there is no prefinitiary 
pressure drop in the refrigerant when this operation is 
initiated. Such a pressure drop occurs in systems in 
which the compressor is directly connected through the 
defrost valve to the main evaporator for defrosting, and 
it produces a corresponding cooling effect which prolongs 
the defrosting operation. 
The use of the second receiver 68 in the described sys 

tein provides a storage for the initial flow of liquid re 
frigerant described in the preceding paragraph, and this 
receiver assures that only liquid refrigerant is introduced 
to the expansion valve 70. This assures that the refrigerant 
in the evaporator 74 will be a relatively dense gas so that 
the compressor 52 will produce optimum weight of gase 
ous refrigerant at unit volume. This provides optimum 
latent heat so that the defrosting operation proceeds at 
maximum efficiency and the defrosting is completed in 
minimum time. 

It should also be noted that the control switches in the 
inachine room respond to changes in pressure in the con 
duits and there is no wiring between the cooling com 
partment and the machine room. Also, the only connec 
tion between these two compartments are the two con 
duits 28 and 40, which reduces material costs and which 
siniplifies the installation of the equipment as compared 
with prior art arrangements of this general type. 
The positioning of the defrost solenoid valve 26 at the 

outlet of the drain pan coil 24 provides that when this 
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valve is closed to reinitiate a refrigerating or cooling 
cycle after a defrosting operation, a high pressure is cre 
ated in the drain pan coil, rather than low pressure. 
There is, therefore, no expansion of the refrigerant in 
the drain pan coil 24 at the beginning of a cooling cycle 
and which would produce a cooling effect and result in 
refrigerating and forming ice and frost in the drain pan. 
The apparatus of the invention can be used for walk-in. 

or reach-in refrigerators or for cold storage rooms. More 
over, the apparatus can be used for air conditioning, 
with the defrosting operation being used for heating the 
air conditioned area when the outside temperature falls 
below the temperature at which the area is to be main 
taimed. 
The embodiment of Figure 2 is similar in some re 

spects to that of Figure 1 and like components have 
been represented by like numerals. 

However, in the latter embodiment, the second re 
ceiver 68 and the second expansion valve 70 have been 
moved to the cooling compartment, and the heat ex 
changer 30 is used to serve as the second evaporator. 
This embodiment also does not use the by-pass conduit 
82 of the embodiment of Figure 1 and the solenoid valve 
34 in that conduit has also been dispensed with. The 
thermostat 48 of Figure 1, and the solenoid valve 34 
actuated by the thermostat are not included in the em 
todiment of Figure 2, nor is the dehydrator 32. 
The main condenser 57a in the embodiment of Figure 2 

is shown as a liquid cooled type, and the coil 56 of the 
coindenser is surrounded by a tubular jacket 59. Cooling 
liquid from any suitable source is fed to one end of the 
jacket 59 through, an inlet conduit 61. A solenoid actu 
ated valve 63 and a modulating valve 65 are included in 
the inlet conduit 61. The cooling liquid flows through 
the jacket 59 in a direction opposite to the flow of the 
gaseous refrigerant from the compressor 52 in the coil 
56, and it emerges through an outlet conduit 67 which 
extends to any suitable drain. 
The modulating valve 65 is of known construction and 

it has a feeler tube 65a connected to the outlet conduit 
from the compressor 52. The valve 65 responds to the 
pressure of the gaseous refrigerant from the compressor 
to regulate the liquid flow through the packet 59. The 
liquid flow in the condenser can be controlled in this 
manner to be sufficient at all times to cool and condense 
the gaseous refrigerant from the compressor. 
The solenoid valve 63 is connected across the inputter 
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minals 90 in series with he pressure-operated switches 
54 and 88 so that the cooling liquid flows through the con 
denser 57a only during a refrigerating cycle. The pres 
sure operated switch 88 in this embodiment has an addi 
tional actuating control which is connected to the inlet 
of the condenser 57a and serves to operate the switch 
and cut off the compressor should the pressure in the 
condenser rise to an abnormal levei. - 
The heat exchanger 30 is mounted in a tank 31 con 

taining any suitable liquid, and in which liquid the coil 
4.0a and the portion of the branch 28b surrounded by 
the coil are submerged. An auxiliary electric heater 50 
may be provided for heating this liquid during the de 
frost cycle, this heater being connected in shunt with 
the defrost solenoid valve 26. The liquid in the tank 
may be a eutectic solution that freezes during the defrost 
cycle and melts during the refrigerating cycle of the 
mechanism. Water, with any suitable freezing depressant 
such as denatured alcohol may serve for this purpose. 

During a refrigerating cycle, the switch 88 energizes 
the compressor 52 and gaseous refrigerant is pumped 
to the condenser 57a. This switch also actuates and 
opens the valve 63 because the switch 54 is closed. 
Therefore, cooling liquid flows to the condenser and the 
refrigerant is cooled and condensed. The liquid refriger 
ant accumulates in the receiver 64 and is forced along 
the conduit 28 and down the branch 28b through the heat 
exchanger 30 and through expansion valve 36 to the 
main evaporator 14. The electric heater 50 in the heat 
exchanger is deemergized during the refrigerating cycle 
because the defrost solenoid valve 26 is deemergized. 
The warm refrigerant passing through the heat exchanger 
melts the liquid in the tank 31, and the refrigerant is 
cooled by this liquid and by the cooled refrigerant pass 
ing through the section 40a of the suction conduit 40. 
The refrigerant from the heat exchanger is expanded 
into the main evaporator 14 through the main expansion 
valve 36, and the refrigerant emerges from the main 
evaporator as a saturated gas. It now passes directly 
to the receiver 68 and is fed through the expansion valve 
70 to the heat exchanger 30. The valve 70 may be any 
well known type of pressure-operated expansion valve. 
Such a valve is described, for example, at page 144 et 
seq. of “Modern Electric and Gas Refrigeration,” Alt 
house, which was published in 1947 by the Goodheart 
Wilcox Publishing Company of Chicago; or at page 345 
et seq. of "Refrigeration and Air Conditioning,' second 
edition, Jordan and Priester, published 1956 by Prentice 
Hall, Inc., Publishing Company of Englewood Cliffs, New 
Jersey. The orifice of the expansion valve 70 approxi 
mates the size of the conduit 40 in which it is mounted. 
This permits full flow of gaseous refrigerant during a 
cooling cycle. This valve preferably is of the automatic 
expansion valve type and is adapted to remain open 
until a predetermined pressure is reached and then to 
operate as an expansion valve. That is, during a cooling 
cycle it is open to provide an unrestricted path for the 
refrigerant, but during a defrost cycle as the pressure 
rises it throttles and operates as an expansion valve. 
The refrigerant then passes to the intake of the con 
pressor 52 to be re-circulated. 
The refrigerating cycle continues until the cooling con 

partment temperature reaches a desired low value. The 
corresponding low pressure of the refrigerant at the in 
take of the compressor 52 then causes the Switch 88 to 
deenergize the compressor 52, and to deemergize and 
close the condenser solenoid 63. The system then re 
mains dormant until the temperature of the cooling con 
partment rises to a value sufficient so that the pressure 
of the refrigerant at the intake of the compressor will 
be high enough again to actuate the switch 88. 
When a defrost cycle is initiated by the Switch 42, 

the defrost solenoid valve 26 is energized and opened 
and the auxiliary heater 50 in the heat exchanger tank 
31 is also energized. As in the previous embodiment, 
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warm liquid refrigerant flows from the receiver 64 up, 
the branch 28a and down the drain pan defrost coil 24. 
and through the solenoid valve 26 to the main evaporator 
14. This liquid refrigerant is then fed to the receiver 
68 and is expanded through the now throttled expansion 
valve 70 to the heat exchanger 30. The refrigerant then 
is heated by the auxiliary heater 50 and also by the 
latent heat from a resulting freezing of the eutectic solu 
tion, thereby expanding it to its gaseous state. . 
The pressure of the refrigerant at switch 88 at the 

intake of the compressor 52, is, of course, sufficiently 
high so that the compressor is continually operated dur 
ing the entire defrost cycle. Also, the pressure of the 
refrigerant at the outlet of the compressor is low enough 
during the defrost cycle to operate the switch 54 and ter 
minate the flow of cooling liquid through the condenser 
for the duration of the defrost cycle. 
The invention provides, therefore, an improved refrig 

erating or cooling system which is eminently simple and 
inexpensive in its construction, and one which is rela 

Moreover, the 
apparatus of the invention is extremely efficient in opera 
tion and incorporates an automatic defrosting operation 
which is extremely rapid so that the time required to 
defrost is reduced to a minimum. 
Although the now preferred embodiment of the pres 

ent invention has been shown and described herein, it is 
to be understood that the invention is not to be limited 
thereto, for it is susceptible to changes in form and detail 
within the scope of the appended claims. 

I claim: 
1. Refrigerating apparatus including in combination: 

a compressor for raising the pressure of a gaseous refrig 
erant; a condenser for cooling the refrigerant from said 
compressor to its liquid phase; a receiver for accumulat 
ing liquid refrigerant from said condenser; an evapo 
rator; first conduit means for interconnecting the outlet 
of said compressor to said condenser, second conduit 
means for interconnecting said condenser to said receiver, 
third conduit means for interconnecting said receiver with 
the inlet of said evaporator, and fourth conduit means 
for interconnecting the outlet of said evaporator to the 
intake of said compressor; a heat exchanger unit in said 
fourth conduit means for coupling said fourth conduit 
means in heat exchange relation with said third conduit 
means to transfer heat from the refrigerant entering said 
evaporator to the refrigerant leaving said evaporator; 
and a second receiver and an expansion valve included 
in said fourth conduit means in the recited order between 
said evaporator and said heat exchanger unit to accumu 
late liquid refrigerant during a defrost cycle and to cause 
such liquid refrigerant to expand to its gaseous phase 
in said heat exchanger unit. 

2. Refrigerating apparatus including in combination: 
a compressor for raising the pressure of a gaseous re 
frigerant, a condenser for cooling the refrigerant from 
the compressor to its liquid phase, a receiver for accumu 
lating liquid refrigerant from the condenser, an evapo 
rator, a first conduit means for interconnecting the outlet 
of said compressor to said condenser, second conduit 
means for interconnecting the outlet of said condenser 
to said receiver, third conduit means for interconnect 
ing the outlet of said receiver to the inlet of said evapo 
rator, and fourth conduit means for interconnecting the 
outlet of said evaporator to the intake of said com 
pressor, a second receiver, and an expansion valve and 
a second evaporator disposed in that order in the fourth 
conduit means to accumulate liquid refrigerant in the 
second receiver during a defrost cycle and to cause such 
liquid refrigerant to expand to its gaseous phase in the 
second evaporator for application to the intake of the 
compressor, fifth conduit means by-passing said second 
receiver and said second evaporator and said expansion 
valve, a solenoid-operated valve interposed in the fifth 
conduit means, and a pressure-operated switch interposed 
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in said fourth conduit means to actuate said solenoid 
operated valve when the pressure of said last mentioned 
pressure-operated switch exceeds a predetermined thresh 
old. 
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