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REFRIGERATION DEFROST SYSTEM WITH CONSTANT 
PRESSURE HEATED RECEIVER 

BACKGROUND OF THE INVENTION 

As is known, a mechanical refrigeration system of the com 
pression type generally comprises a condensing unit including 
a motor driven compressor, an air- or liquid-cooled condenser 
for liquefying the compressed refrigerant, a receiver for stor 
ing the liquefied refrigerant, an expansion valve, and an 
evaporating unit in which the refrigerant is caused to 
evaporate at a lower pressure, thereby producing a cooling ef 
fect. The evaporated refrigerant, after passing through the 
evaporating unit, is returned to the compressor where the 
cycle is repeated. 

In such systems, the liquefied refrigerant, after it flows from 
the condenser to the receiver, is passed through an expansion 
device, normally of the thermostatic type, before it passes to 
the evaporator which is the cooling element of the system. If 
the pressure within the receiver becomes too low, the pressure 
drop across the expansion valve and the pressure within the 
evaporator will reach the point where the compressor starts 
pumping out the evaporator. That is, the pressure at the suc 
tion intake of the compressor is too low. This trips a low-pres 
sure switch in the return line to the compressor and causes the 
compressor to shut down, thereby interrupting the refrigera 
tion process. 

in an effort to maintain a sufficient pressure drop across the 
expansion valve, designers have provided heaters in the 
receiver, together with a switch which senses the receiver 
pressure. When the receiver pressure reaches a lower limiting 
value, the switch is actuated to energize the heating element, 
thereby heating the liquid refrigerant and raising its pressure 
until an upper limiting pressure is reached; whereupon the 
switch disconnects the heating element from the receiver. 
With a pressure switch of the type described above, an ON 

OFF heating effect results. Furthermore, the pressure within 
the receiver rises and then falls periodically. This is not al 
together satisfactory, particularly where the receiver is 
located outside a building structure where it is exposed to low 
temperature conditions. That is, the pressure drop across the 
expansion valve may reach the point where the compressor is 
shut down by the low-pressure switch in the return or suction 
line. This is perhaps due to the fact that the heater cannot heat 
the refrigerant quickly enough after the pressure switch is 
closed. 

SUMMARY OF THE INVENTION 

In accordance with the invention, the pressure within a 
receiver for a liquid is maintained essentially constant by 
providing an electrical heater within the receiver and by sup 
plying power to the heater through silicon controlled rectifiers 
which vary the power to the heater as a function of the pres 
sure and/or temperature within the receiver. The controlled 
rectifiers, which are preferably of the semiconductive type, 
operate in accordance with phase commutation techniques, 
passing a portion of each cycle of applied current to the 
heater. The phase firing angle of the rectifiers and, con 
sequently, the power supplied to the heater are varied instan 
taneously with variations in receiver pressure and/or tempera 
ture from a predetermined value to maintain the receiver pres 
sure constant without the ON-OFF characteristic control of 
prior art systems of this type. 

In one illustrative embodiment of the invention, the receiver 
is included in a compression-type refrigeration system of the 
type described in copending application Ser. No. 797,392, 
filed Feb. 7, 1969, and assigned to the assignee of the present 
application. The invention disclosed in that application com 
prises the usual components of a mechanical refrigeration 
system of the compression type, but has additional means 
utilizing the conventional suction line of the system as a 
defrost conduit at periodic intervals, and further has means to 
heat the liquid refrigerant in the receiver of the system to 
maintain the refrigerant at sufficient pressure and temperature 
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2 
to serve as a source of heat during a defrost cycle. It should be 
understood, however, that the invention finds utility in any 
refrigeration system utilizing a receiver and, for that matter, in 
any application where it is necessary to maintain the pressure 
and/or temperature of a liquid within a vessel constant. 
The above and other objects and features of the invention 

will become apparent from the following detailed description 
taken in connection with the accompanying drawings which 
form a part of this specification, and in which: 

FIG. 1 is a schematic view of a refrigeration and hot gas 
defrosting system embodying the principles of the present in 
vention; and 

FIG. 2 is a schematic wiring diagram of an electrical control 
circuit which may be used with the system of FIG. I. 
With reference now to the drawings, and particularly to 

FIG. 1, the refrigeration system shown includes a compressor 
10 of conventional construction, having a suction intake or 
low side 12 and a discharge or high side 14. The compressor 
discharge is connected through a discharge line or conduit 16 
to the inlet of a condenser 18 cooled by means of fan. 19. The 
condenser outlet is connected through a drain line 22 and a 
check valve 20 to a liquid refrigerant receiver 24. The receiver 
24 is connected through a dip tube 26, a shutoff valve 28, a 
conduit 34, a liquid solenoid valve 30, and an expansion 
device 32, preferably of the thermostatic type, to the inlet side 
of an evaporator 36 having a motor driven fan 37. The 
evaporator 36 is of conventional construction, usually com 
prising a coil of copper tubing with extended fin surface. 
The outlet side of the evaporator 36 is connected through a 

suction line 42, a solenoid-operated valve 38, a suction pres 
sure regulating valve 40 which may, for example, be a hold 
back valve or a thermostatic pressure control valve, to the suc 
tion side of the compressor 10. A first bypass conduit 44 is 
coupled into the circuit and to the liquid line 34 in bypassing 
relation to solenoid valve 30 and expansion device 32. A 
check valve 46 is provided in conduit 44 to prevent refrigerant 
from flowing through the conduit 44 during a normal 
refrigeration cycle. As will be explained hereinafter, however, 
refrigerant does flow through the check valve 46 in the op 
posite direction during a defrost cycle. 
A second bypass conduit 47 is coupled into the circuit and is 

connected between the discharge line 16 at the discharge side 
4 of the compressor and the suction line 42. A second sole 

noid-operated valve 39 is included in the bypass 47 which, 
during a normal refrigeration cycle, prevents the flow of 
refrigerant through the bypass conduit 47. A third conduit 48 
having a defrost solenoid valve 50 therein is connected 
between the receiver 24 and the junction of valves 38 and 40. 
The valve 50 prevents the flow of refrigerant through conduit 
48 from the receiver 24 to the suction side of the compressor 
during a normal refrigeration cycle; but is open during a 
defrost cycle as will hereinafter be described. 
The evaporator 36 is provided with a drain pan 36A at the 

bottom thereof which receives the condensate formed on the 
evaporator coils. This condensate will drain down into the 
drain pan and may freeze when the evaporator is operated at 
an air temperature below 32 F. Accordingly, a drain pan 
heater, hereinafter described in connection with FIG. 2, is 
provided for warming the drain pan during a defrost cycle. 
As is known to those skilled in the art, the evaporator 36 

can be quickly and efficiently defrosted by the delivery of hot 
gas periodically thereto to internally heat the evaporator. To 
this end, means are associated with the receiver 24 for heating 
liquid refrigerant therein to maintain the refrigerant at suffi 
cient pressure and temperature, which temperature may typi 
cally be about 65° to 85 F., so that the refrigerant may serve 
as a source of heat during a defrost cycle in the system. As 
shown schematically in FiG. 1, an electric insert heater 52 is 
disposed within the receiver 24 to provide a source of heat for 
the liquid within the receiver. A pressure transducer device 54 
senses the pressure within the receiver 24 and controls the 
power supplied to the heater 52. As the temperature of the 
liquid within the receiver increases, so also does the pressure. 
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That is, there is a direct relationship between the temperature 
within the receiver and the pressure sensed by device 54. Al 
ternatively, the device 54 can be replaced by a temperature 
measuring device, such as a thermistor, to control the power 
supplied to the heating element 52. 

During a normal refrigeration cycle, the solenoid valves 38 
and 30 are open while solenoid valves 39 and 50 are closed. In 
the normal refrigeration cycle, the flow of refrigerant is from 
the compressor 10 by way of discharge line 16 to the con 
denser 18, and from condenser 18 through drain line 22 and 
check valve 20 to the receiver 24. With the defrost solenoid 
operated valve 50 closed during the refrigeration cycle, liquid 
refrigerant is delivered through dip tube 26, shutoff valve 28, 
liquid line 34, and open solenoid valve 30 to the expansion 
valve 32 which feeds liquid refrigerant to the evaporator 36. 
From the outlet side of the evaporator 36, vaporized 
refrigerant is returned through suction line 42, solenoid valve 
38 and suction pressure regulating valve 40 to the suction in 
take of compressor 10, completing the cycle. 
To initiate a defrost cycle in the system, a timer closes the 

solenoid valves 38 and 30; while opening valves 39 and 50, at 
predetermined intervals of time. The refrigerant flow during 
the defrost cycle is from the upper vapor space of receiver 24 
through solenoid valve 50, conduit 48 and valve 40 into the 
suction side 12 of the compressor 10. At the start of defrost, 
receiver pressure drops sharply, causing the formation of large 
vapor quantities in the receiver to feed the compressor. The 
refrigerant is then compressed by compressor 10, and passes 
through valve 39 and bypass line 47 into the suction line 42. 
Flow by way of discharge line 16 to the condenser 18 is 
minimized since the latter is at a relatively high pressure by 
comparison to the evaporator 36. The condenser fan is 
stopped by the timer during defrost to further reduce the abili 
ty of the condenser to receive vapor. Bypass line 47 is thus 
connected in bypassing relation to the condenser 18. 

Continuing with the refrigerant flow in the defrost cycle, the 
refrigerant flows through the suction line 42 into the outlet 
side of the evaporator 36 and thus through the evaporator 36 
in a direction opposite that of the normal refrigeration cycle 
such that the evaporator functions as a condenser rejecting 
heat to frost formed on the evaporator. Condensed liquid from 
the evaporator 36 leaves by way of check valve 46, bypassing 
the expansion valve 32 and solenoid valve 30, which is now 
closed. From bypass line 44 the refrigerant flows through con 
duit 34 back into the receiver 24. If desired, flow to the con 
denser may be stopped by the addition of a solenoid valve or 
diverting valve in line 16. 
At the end of the defrost cycle, the circuit is automatically 

shifted to a postdefrost condition for a short interval im 
mediately following defrost. During the postdefrost cycle, 
defrost solenoid valve 50 is closed, solenoid valve 39 is closed 
and valves 38 and 30 are opened preparatory to a succeeding 
refrigeration cycle. However, the fans on the evaporator 36 
remain stopped to complete drainage and permit the coil sur 
face to cool down before refrigeration is resumed. 
With reference now to FIG. 2, the control circuit for the 

system of FIG. 1 is shown schematically. It includes a pair of 
terminals 70 and 72 adapted for connection to a source of 
potential, not shown. Connected between the terminals 70 
and 72 is the motor 10a for compressor 10 in series with a low 
pressure switch LP and a high-pressure switch HP, respective 
ly. In shunt with the motor 10a is the motor 19a for the con 
denser fan 19 connected in series with a high-pressure cut-in 
switch 74. The switch 74 will close to start the fan 19 only 
when the pressure at the input to the condenser exceeds a 
predetermined value. During the defrost cycle, the pressure at 
the input to the condenser will be insufficient to maintain the 
switch 74 closed. Hence, the fan 19 will stop during a defrost 
cycle, 
The low-pressure switch LP is responsive to pressure in the 

suction line 42 and will open when the pressure in the suction 
line drops to the point where the compressor is pumping out 
the evaporator. This is a safety device; and, as was explained 
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4 
above, the low-pressure switch LP may sometimes trip due to 
a lack of sufficient pressure in the receiver 24, particularly 
where an ON-OFF heating cycle and resultant rise in pressure 
within the receiver is used. Similarly, a high-pressure safety 
switch HP is connected to the outlet side of the compressor 10 
and will trip when the outlet pressure exceeds a predeter 
mined value. 

Also connected between the power terminals 70 and 72 is a 
timer 60 which constantly runs and includes normally open 
contacts 64 and normally closed contacts 62. The timer 60 
will periodically close contacts 64 and open contacts 62; how 
ever this can occur only if the timer release solenoid 66 is 
deenergized. The solenoid 30a for valve 30 is connected 
between power terminals 70 and 72 along with a thermostat 
76 and a high-pressure safety cutout switch 78. The thermo 
stat 76 is in the enclosure which is being refrigerated and will 
open or close depending upon the temperature therein. When 
it opens, the temperature has reached a predetermined max 
imum lower value, whereupon the valve 30 closes, the pres 
sure in line 34 is reduced, and eventually the low-pressure 
switch LP opens to stop the compressor 10. 
At the coldest point on the evaporator 36 is a thermostatic 

switch 68 (see also FIG. 1). During a refrigeration cycle, the 
switch is in the "cold' position shown. However, during a 
defrost cycle, the temperature will eventually build up to the 
point where the position of switch 68 is reversed, thereby 
energizing timer release solenoid 66. 
At the beginning of a defrost cycle, the timer 60 closes con 

tacts 64 and opens contacts 62. With contacts 62 open, the 
motor 37a for the evaporator fan 37 is deenergized and the fan 
stops. At the same time, opening of contacts 62 deenergizes 
the solenoid 38a for valve 38 to close the valve, while closing 
contacts 64 energizes the solenoid 50a for valve 50 to open 
that valve, and energizes the solenoid 39a for valve 39 to open 
that valve. At the same time, closure of contacts 64 energizes 
a drain pan heater coil 80 located in the drain pan 36A to 
maintain the pan sufficiently warm to prevent freezing of con 
densate therein during defrost. 
The defrost cycle will continue until the thermostat 68 sen 

ses a rise in temperature above a predetermined limit, whereu 
pon the contacts on thermostatic switch 68 will be reversed; 
the timer release solenoid 66 will be energized and contacts 62 
will close while contacts 64 open. With contacts 64 open, the 
positions of valves 50, 38 and 39 are reversed to again initiate 
a refrigeration cycle. The evaporator fans remain deemergized 
until thermostat 68 reverts to its "cold' position when the coil 
surface has again cooled down. This restarts fans 37a on the 
evaporator and the normal cooling cycle is resumed. . 
The receiver heater 52 is connected between the power ter 

minals 70 and 72 through a pair of silicon controlled rectifiers 
82 and 84 and a safety thermostatic switch 85. The silicon 
controlled rectifiers 82and84 are connected to a firing circuit 
86 which, in turn, is controlled by the pressure sensing trans 
ducer device 54 disposed within the receiver 24. Alternative 
ly, the firing circuit 86 could be responsive to the temperature 
sensed by a thermistor 88, for example, disposed within the 
receiver 24. 
The silicon controlled rectifiers 82 and 84 are similar in 

operation to thyratrons. That is, they can be triggered into 
conduction by means of pulses applied to their gate elec 
trodes; but will shut off only when the voltage between their 
anodes and cathodes falls below a predetermined value. In this 
manner, the rectifier 82, for example, can be caused to fire 
after a predetermined lapse following initiation of the positive 
half cycle of the applied waveform; whereas the rectifier 84 
can be caused to fire after a predetermined lapse following in 
itiation of the negative half cycle of the applied waveform. 
The result is that the power supplied to the heater 52 will be 
dependent upon the point at which the rectifiers 82 and 84 fire 
during each half cycle and this, in turn, is dependent upon the 
pressure or temperature sensed by element 54 or 88, respec 
tively. Since the element 54, for example, constantly senses 
pressure and immediately changes the phase firing angle of the 
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rectifiers 82 and 84, the power supplied to the heater 52 is 
constantly varied as pressure varies, thereby maintaining the 
receiver pressure at a fixed level. This prevents a reduction in 
evaporator feeding rate and a consequent drop in pressure in 
the suction line 42 which might trip the low-pressure switch 
LP and shut off the compressor 10 resulting in failure of the 
refrigeration system to function. Stated in other words, the 
pressure within the receiver is controlled in an analog-type 
servosystem rather than stepwise as in the prior art. The ther 
mostat 85 is a safety device which will trip to deenergize the 
receiver heater whenever the temperature within the receiver 
exceeds a predetermined safe maximum value. 
The present invention thus provides a means for maintain 

ing a constant pressure within the receiver 24 at all times by 
the use of silicon controlled rectifiers or the like which con 
tinually monitor the pressure and/or temperature within the 
receiver. Although the invention has been shown in connec 
tion with a certain specific embodiment, it will be readily ap 
parent to those skilled in the art that various changes in form 
and arrangement of parts may be made to suit requirements 
without departing from the spirit and scope of the invention. 

| claim as my invention: 
1. In a compression-type refrigeration system having a com 

pressor, a condenser, a liquid refrigerant receiver, an expan 
sion means and an evaporator interconnected to provide a 
closed circuit; the combination of means for heating 
refrigerant in said receiver to maintain the pressure therein at 
a predetermined level, means for varying the heat supplied to 
said receiver in analog fashion and as a function of a change in 
pressure in said receiver to maintain the pressure therein es 
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6 
sentially constant, and the means for varying the heat supplied 
to the receiver including pressure transducer means within the 
receiver for controlling power to the heating means, whereby 
a fixed pressure is maintained within the receiver. 

2. The combination of claim 1 wherein said heating means 
comprises an electrical heater and wherein the means for 
varying heat automatically modulates electrical power sup 
plied to the heater so as to maintain a constant pressure in the 
receiver regardless of the ambient temperature surrounding 
the heater and regardless of the quantity of liquid added and 
withdrawn from the receiver. 

3. The combination of claim 2 wherein said means for vary 
ing the heat supplied to said receiver includes controlled 
rectifiers for varying the power supplied to said electrical 
heater. 

4. The combination of claim 3 wherein said controlled 
rectifiers are of the silicon controlled semiconductive type. 

5. The combination of claim 4 including a pressure sensing 
device in said receiver for producing an electrical signal pro 
portional to the pressure thus sensed, and means responsive to 
said electrical signal for controlling said controlled rectifiers. 

6. The combination of claim 4 including means for sensing 
the temperature within said receiver for producing an electri 
cal signal proportional to the temperature thus sensed, and 
means responsive to said electrical signal for controlling said 
controlled rectifiers. 

7. The combination of claim 1 wherein said refrigeration 
system is of the hot gas defrost type to provide a defrost cycle. 
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