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3,150,498 
METHOD AND APPARATUS FOR DEFROSTING 

REFRIGERATION SYSTEMS 
Julian H. Blake, Belmont, Cali?, assignor to Ray Winther 

Company, South San Francisco, Calif., a corporation 
of California 

Filed Mar. 8, 1962, Ser. No. 178,408 
19 Claims. (Cl. 62-81) 

This invention relates to improvements in a method 
and apparatus for defrosting refrigeration systems and 
more particularly to hot gas defrosting modes wherein 
the heat of compression of the refrigerant in its gaseous 
phase is utilized to effect rapid defrosting of the evap 
orators. 
The great increase in the frozen food industry and the 

widespread tendency to centralize food stores into large 
supermarket operations has created a huge demand for 
multiple evaporator refrigeration systems. Economy of 
installation and operation makes it highly desirable to 
incorporate the evaporator coils of the frozen food coun 
ters, and other refrigeration requirements such as walk-in 
boxes and even air conditioning, in a single centralized 
refrigeration system. 

Frozen foods must be maintained at a temperature of 
0° F. or below and these low temperature requirements 
create considerable problems in connection with the frost 
ing up of the evaporator coils. In order to prevent un 
wanted rise in temperature in the frozen food counter, de 
frosting of the evaporator coils must be performed as ex 
peditiously as possible. 

Developments have lagged in the art of defrosting 
multiple evaporators of the type set forth. In general, 
the methods used are the same as the methods originally 
conceived for use with small refrigerators and the like. 
These methods fall into two basic groups: (1) defrost 
ing by the application of external heat such as the ambient 
heat of the atmosphere or heat from other external 
sources, and (2)'the heat of compression produced dur 
ing the refrigeration cycle and which is normally re 
moved from the refrigerant by the condenser. It is the 
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latter basic method of defrosting, commonly known as ' 
the “hot gas defrost method,” with which the present ap 
plication is concerned. 

Previous hot gas defrost systems have circulated the 
hot gas to the evaporator either by valving the system to 
cause the hot gas to cycle through the evaporator in a 
reverse direction or by isolating the evaporator in such 
manner as to permit a liquid vapor cycle wherein the 
liquid returns to the heating point under the in?uence of 
gravity. The latter system is much too slow for large 
scale operation and requires an excessive amount of 
plumbing. 
The reverse cycling hot gas defrost systems present a 

major disadvantage in that at least a portion of the hot 
gas is usually condensed into liquid form in the evap 
orator coil during the defrosting operation. The liquid 
refrigerant is then drawn into the suction line of the com 
pressor and passes therethrough in the form of liquid 
slugs. If these slugs reach the compressor in liquid form 
they can cause breakage and other damage. This is 
commonly called “slugging the compressor.” 
To prevent damage to the compressor it has heretofore 

been necessary to distribute the liquid by revaporizing the 
slugs or by entraining the liquid in the stream of vaporized 
refrigerant in the form of small atomized particles. Either 
of these methods requires additional expensive apparatus 
such as heat means for effecting the revaporization or in 
jection devices for atomizing the liquid slugs plus ac 
cumulating chambers which act somewhat in the manner 
of surge tanks. Not only is the added apparatus expen 
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sive but under certain conditions slugging of the compres 
sor is still possible. 

It has been proposed to avoid the slugging problems 
by connecting a pair of evaporators in series with the ?rst 
evaporator operating at subfreezing temperatures and the 
second evaporator operating at above freezing tempera 
tures. With this system only the subfreezing evaporator 
needs defrosting and it is possible to cycle the hot gas 
from the compressor through the subfreezing evaporator, 
to effect defrosting thereof, and into the above-freezing 
evaporator where any lique?ed refrigerant will be ex 
panded into gaseous form. This is really only an adap 
tation of the revaporizing technique wherein the revapor 
izing heat is acquired from the air passing over the above 
freezing evaporator coil. While this system is somewhat 
more e?icient than revaporizing by the addition of ex 
ternal heat or by utilizing the heat of compression, it is 
rather tricky in operation and will function only where 
high and low temperature coils are connected in series. 
The present invention proposes a hot gas defrost system 

wherein the refrigerant lique?ed during the defrosting 
process is utilized for refrigerating without revaporizing 
or passing through the compressor, thus adding to the ther 
mal e?iciency of the system and obviating any require 
ment for separate vaporizing or atomizing means. 

Accordingly it is a principal object of this invention 
to provide an improved refrigeration system wherein mul 
tiple evaporator coils may be selectively defrosted by re 
verse cycling of the compressed hot gaseous refrigerant 
and wherein the cooled and partially lique?ed refrigerant 
will be returned to the liquid refrigerant supply line for 
use in refrigerating the other evaporators in the system. 
Another object of the present invention is to provide 

a system of the character described in which the relative 
pressures of the hot gas supply and the liquid refrigerant 
supply are regulated to provide a pressure di?erential 
which will cause the cooled refrigerant to be injected into 
the liquid refrigerant supply. 
A further object of the invention is to provide an ap 

paratus of the character described in which the pressure 
in the hot gas supply line is maintained at a constant value 
and the pressure in the liquid supply line is reduced to a 
‘value below that of the hot gas supply line so as to create 
said pressure differential. 
A still further object of the invention is to provide a 

system of the character described in which the liquid 
refrigerant is subcooled prior to reduction in pressure 
so as to prevent ?ash vaporization thereof. 
Another object of the invention is to provide a method 

of defrosting an evaporator coil by supplying hot vapor 
ized refrigerant to the suction line end of the evaporator 
and controlling the pressure in the liquid refrigerant sup 
ply line so as to create a pressure differential across the 
evaporator unit sufficient to urge refrigerant condensed 
therein into the liquid refrigerant supply system. 

Still another object of the invention is to provide a 
method of defrosting an evaporator coil of the character 
described in which the pressure at which the hot vapor 
ized refrigerant is supplied to the evaporator is less than 
the output pressure of the compressor and in which the 
pressure of the liquid in the refrigerant supply is less than 
the pressure in the hot vaporized refrigerant supply but 
which is still high enough to ‘maintain the refrigerant 
supply in liquid form for expansion in additional evap 
orator units. 
Another object of the invention is to provide a method 

and apparatus for accomplishing hot gas defrosting of a 
plurality of evaporators connected in parallel between a 
liquid refrigerant supply line and a compressor suction 
line in which the individual evaporators may be selec 
tively disconnected from the compressor suction line and 
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connected to a hot gas supply line having a pressure higher 
than the pressure in the liquid refrigerant supply line. 

Yet another object of the invention is to provide a 
large-scale multiple evaporator refrigeration system ca 
pable of accomplishing rapid hot gas defrosting of the in 
dividual evaporators on demand and with a minimum of 
controls‘ and plumbing. 

Another object of the invention is to provide a re 
frigeration system of the character described in which 
slugging of the compressor is completely avoided. 

Further objects and advantages of my invention will 
be apparent as the speci?cation progresses, and the new 
and useful features of my method and apparatus for de 
frosting refrigeration systems will be fully de?ned in the 
claims attached hereto. 

In general, the present invention provides a method 
and apparatus for defrosting a refrigeration system by 
passing hot vaporized refrigerant through the evaporator 
under the in?uence of a pressure differential su?icient to 
cause cooled and partially lique?ed refrigerant to flow 
into the liquid refrigerant supply line. The method and 
apparatus are particularly suited for effecting hot gas de 
frosting of multiple evaporators connected in parallel, the 
apparatus having valves for controlling the pressures in 
the hot gas supply line and in the liquid refrigerant sup 
ply line together with valve means for selectively con 
necting each of the evaporators to either the compres 
sor suction line, for refrigerating action, or to the hot 
gas defrost line, for defrosting action. During the defrost 
action the cooled and partially lique?ed refrigerant is 
injected into the liquid refrigerant supply line by reason 
of the described pressure differential, thus making the 
lique?ed refrigerant available for refrigerating action in 
others of the multiple evaporators and at the same time 
avoiding problems of slugging the compressor. 
The preferred forms of my invention are illustrated 

in the accompanying drawings forming part of this speci 
?cation in which: 
FIGURE 1 is a schematic plan view illustrating a 

preferred embodiment of the refrigeration system of the 
present invention, particularly adapted for use in super 
markets or the like; 
FIGURE 2, an enlarged view of certain of the com 

ponents of FIGURE 1 shown in operative association; and 
FIGURE 3, a schematic plan view illustrating a re 

frigeration system constructed in accordance with the 
present invention and adapted for use with a single evap 
orator. 

While I have shown only the preferred forms of my 
invention, it should be understood that various changes 
or modi?cations may be made within the scope of the 
claims attached hereto without departing from the spirit 
of the invention. 

Referring to the drawings in greater detail, it is seen 
that the defrosting apparatus for refrigeration systems of 
the present invention is particularly adapted for use in 
a system having an evaporator unit 11 connected be 
tween a liquid refrigerant supply line 12 and a compres 
sor suction line 13 together with valve means 14 for 
selectively connecting a hot gas supply line 16 to the 
evaporator unit 111 while at the same time disconnecting 
the latter from the compressor suction line 13, the sys 
tem also including means 17 for regulating the pressure 
in the liquid refrigerant supply line 12 so as to create a 
pressure differential across the evaporator unit 11 su?i 
cient to urge refrigerant condensed therein into the liquid 
refrigerant supply line when the hot gas supply line 16 is 
connected to the evaporator unit. 
The method and apparatus of the present invention is 

particularly suited for use in connection with conven 
tional refrigeration systems in which compressor means 18 
compresses a gaseous refrigerant and propels it through 
a conduit 19 into a condensing means 21 adapted to re 
move a portion of the heat energy from the refrigerant 
and condense it into liquid form. The liquid refrigerant 
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4 
then passes through a conduit 22 into a receiver 23 and 
from the receiver into the liquid refrigerant supply line 
12 for the evaporator unit 11. 
The evaporator unit 11 includes an expansion valve 

24 adapted for expanding the liquid refrigerant in the 
evaporator coil 26, this action serving to absorb heat 
energy and reduce the temperature of the coil 26 for re 
frigeration purposes. 

In accordance with the present invention, a predeter 
mined pressure differential is maintained between the 
pressure in the hot gas defrost line, leading from the com 
pressor discharge conduit 19 and the liquid refrigerant 
supply line 12, the pressure differential being su?icient 
to urge the cooled and at least partially lique?ed re 
frigerant from defrosting evaporator coil 26 into the 
liquid refrigerant supply line 12 where it will be available 
for refrigerating the evaporator units not being defrosted. 
As here shown, the valve means 14 is adapted for selec 
tively connecting the end 27 of the evaporator coil re 
mote from the expansion valve 24 to the compressor suc 
tion line 13 during the refrigeration cycle or to the hot 
gas defrost line ‘16 during the defrost cycle. When the 
evaporator unit 11 is in the defrost cycle, the cooled and 
partially lique?ed refrigerant is diverted around the ex 
pansion valve 24 by means of a by-pass 28 containing a 
one-way check valve 29. 
As here shown, the means 17 for controlling the pres 

sure in the liquid refrigerant supply line 12 so as to achieve 
the desired pressure differential between lines 12 and 16 
comprises a conventional pressure-regulator valve 31 in 
terposed in the line 12 between the receiver 23 and the 
?rst evaporator unit 11. The pressure-regulator valve 31 
may be of any suitable type and it is preferred to use a 
conventional pressure-reducing valve of the type well 
known in the art. 
The valve 31 is adjusted to provide for a pressure in 

line 12 which is lower than the pressure in the hot gas 
defrost line 16. The pressure differential should be sul? 
cient to cause the refrigerant to move rapidly through the 
evaporator coil 26 in the direction opposite to its normal 
direction of flow, the refrigerant passing through by-pass 
28 and check valve 29 and arriving at liquid refrigerant 
supply line 12 at a pressure higher than the pressure main 
tained in line 12 by the pressure-regulator valve 31. The 
cooled refrigerant will thus enter the line 12 and supple 
ment the supply of liquid refrigerant therein for subse 
quent use in the refrigerating cycles of other evaporator 
units communicating with line 12, or of the evaporator 
unit being defrosted, after the defrost cycle is completed. 

In order to ensure that the pressure differential between 
lines 12 and 16 is of the required magnitude at all times, 
I prefer to mount a second pressure-regulator valve 32 in 
the hot gas defrost line 16 between the compressor dis 
charge conduit 19 and the ?rst of the evaporator units 11. 
The regulator valve 32 is set to provide a pressure in line 
16 which is higher than the pressure in line 12 but which 
is slightly lower than the normal discharge pressure of the 
compressor means 18. For example, in a typical installa 
tion where the discharge pressure of the compressor means 
is 180 p.s.i., the valve 32 may be set to provide a pressure 
in the hot gas defrost supply line of 175 p.s.i. while the 
valve 31 is regulated to provide a pressure of about 160 
p.s.i. in the liquid refrigerant supply line 12, thus provid 
ing a pressure differential of about 15 p.s.i. The exact 
pressure differential to be used will depend upon the ?ow 
characteristics through the evaporator units but I have 
found in actual practice that a pressure differential of 
about 10 p.s.i. to 20 p.s.i. will be sufficient in most instal 
lations. 

Preferably, the condensing pressure in the condenser 
means 21 is regulated to provide a minimum pressure in 
conduit 19 at least 5 pounds higher than the setting on the 
hot gas supply regulator valve 32 so as to ensure that the 
pressure in the hot gas supply line will not drop below 
the preselected value. Any of the conventional methods 
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for controlling minimum condensing pressure, such as 
regulating water flow to water-type condensers, pressure 
regulator valves in conduit 19 between line 16 and the 
condenser means, or other equivalent methods, may be 
employed. 
As previously stated, the method and apparatus of the 

present invention is particularly adapted for use with 
multiple evaporator installations such as those encoun 
tcred in large food markets wherein a plurality of evap 
orator units 11A, 11B and 11C are provided for main 
taining subzero temperatures in frozen food cabinets and 
in which additional higher temperature evaporator units 
11D are employed for other purposes such as walk-in 
refrigerators, etc. A system of this character is depicted 
schematically in FIGURES l and 2 of the drawings. As 
there shown, each of the evaporator units 11 comprises 
three evaporator coils 26. It should be understood, how 
ever, that the evaporator coils in the particular unit may 
be varied in number and arrangement so long as the de 
scribed connections are provided. 

It is necessary to the purposes of the present invention 
that the evaporator units 11 be connected in parallel be 
tween the liquid refrigerant supply line 12 and the com 
pressor suction line 13 so that the refrigerant injected 
into supply line 12 from the evaporator unit 1113 being 
defrosted may be utilized in the refrigeration cycles of 
the other evaporator units 11A and 11C. I have found 
it desirable for at least two of the evaporator units to be 
in their refrigeration cycles for each evaporator unit being 
defrosted. In order to accomplish such action, the means 
14 may be provided in the form of a two-position valve 
33 having an electrically operated actuating device 34 
supplied with electrical energy through leads 36. The 
valves 33 may be controlled by manual switches or by 
automatic defrost switching means having provision for 
ensuring that no more than the desired number of evap 
orator units are being defrosted at once. 
As a feature of the present invention, subcooler means 

37 is provided for maintaining the liquid refrigerant in the 
supply line 12 at a temperature suf?ciently low to prevent 
?ash vaporization as the liquid refrigerant passes from 
the receiver 23 and dryer 38 through the pressure-regu 
lator valve 31. The subcooling of the liquid refrigerant 
also tends to cool the refrigerant being injected into line 
12 from the evaporator unit undergoing the defrost cycle 
suf?ciently to ensure that any vaporized refrigerant not 
condensed in the evaporator unit will be condensed to 
liquid form as it enters the supply line 12. 
As here shown, the subcooler means includes a sub 

cooler evaporator coil 39 surrounding the liquid refriger 
ant supply line 12 and having an expansion valve 41 in 
terposed in a conduit 42 connected to the liquid refrig 
erant supply line 12. An opposite end of coil 39 is con 
nected by means of conduit 43 to the compressor suction 
line 13. 
As may be seen in FIGURE 1 of the drawings for 

multiple evaporator coil systems, I prefer to provide a 
two-stage compressor means 18. This means includes a 
low-stage booster compressor 44 interposed in the suction 
line 13 and discharging into a high-stage compressor 46 
which discharges into the conduit 19. The conduit 43 is 
connected to line 45 between the compressors 44 and 46 
in the conventional manner for desuperheating the gas 
entering compressor 46. The subcooler evaporator valve 
41 may conveniently be operated by a sensing device 47 
positioned at the intake side of compressor 46 in the con 
ventional manner. 

In operation, the valve means 14 will be initially set at 
the position illustrated in connection with the evaporator 
units 11A and 11C, that is, connecting the evaporator coils 
26 to the compressor suction line 13. With the com 
pressors operating, lique?ed refrigerant maintained at a 
pressure of say 160 p.s.i. by valve 31, will ?ow through 
the expansion valves 24 and the expansion of the refrig 
erant will cool the evaporator coils as it assumes its vapor 
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6 
phase. When frost has accumulated on the evaporator 
coils 26, the valve means 14 for the particular evaporator 
will be displaced to its other position (illustrated in con 
nection with evaporator unit 11B) communicating the 
evaporator coils with the hot gas supply line 16. 
With the pressure in line 16 maintained at say 175 p.s.i. 

by valve 32, the hot gas will ?ow in a reverse direction 
through the evaporator coils 26, the -by-pass 28 and the 
check valve 29 into the liquid refrigerant supply line 12. 
Should a more rapid defrosting action be desired, the 
pressure-regulating valves 31 and 32 could be adjusted to 
provide a greater pressure differential between lines 12 
‘and 16. Conversely, if it is desired to slow down the 
defrosting action, the valves 31 and 32 could be adjusted 
to provide a lesser pressure differential. For most pur 
poses, a differential of approximately 15 p.s.i. will be 
preferred. 
As the hot vaporized refrigerant passing through coils 

26 gives up its heat energy to effect defrosting, it be 
comes wholly or partially condensed and the cooled 
refrigerant passes through by-pass 28 and check valve 29 
into the liquid refrigerant supply line 12. This cooled 
refrigerant adds to and supplements the liquid refrigerant 
flowing through the line 12 and is used during the 
refrigeration cycles of the other evaporator units 11A, 
11C and 11D. In this connection it should be noted 
that the evaporator units 11D as depicted herein are in 
tended to represent coils which are maintained at a 
temperature above the freezing point of water and con 
sequently no defrosting of these units would be required. 

It is highly desirable that at least two evaporator units 
be in refrigeration condition for each evaporator unit 
which is in defrost condition in order to provide a supply 
of gas to the compressor which is adequate for rapid 
defrosting. If desired, one or more of the evaporator 
units in the refrigeration cycle can be blocked open 
while another unit is being defrosted so as to permit con 
stant operation of the compressor and consequent con 
tinuous defrosting action. 
FIGURE 3 of the drawings illustrates a refrigeration 

system wherein a single evaporator unit is defrosted in 
accordance with the method and apparatus of the present 
invention. As there shown, the evaporator units 51 are 
connected in parallel between a liquid refrigerant supply 
line 52 and a compressor suction line 53. Two-position 
valve means 54 is provided at one end of each evaporator 
unit 51 for selectively connecting the latter to the com 
pressor suction line 53 or to a hot gas supply line 55. A 
compressor 58 is provided with a discharge conduit 59 
communicating with a condenser means 61 which has a 
discharge conduit 52 leading into a receiver 63, the re 
ceiver in turn being connected to the liquid refrigerant 
supply line 52. 
The system as described so far is essentially similar 

to the system illustrated in FIGURES l and 2 of the draw 
ings. The system of FIGURE 3 vfunctions in a similar 
manner to the system of FIGURE 1, a differential in 
pressure being maintained between the hot gas supply 
line 55 and the liquid refrigerant supply line 52 which is 
sufficient to cause the partially lique?ed refrigerant to 
pass from the evaporator unit into the liquid refrigerant 
supply line 52 during the defrost cycle, that is when valve 
54 has been turned to the position shown in the drawing 
so as to communicate line 56 with line 52 through the 
evaporator unit. 

In the form of the invention shown in FIGURE 1, the 
partially lique?ed refrigerant passing from the evaporator 
unit during defrosting thereof is merely added to the 
liquid refrigerant supply ?owing through line 12 and is 
immediately used by one or more of the other evaporator 
units which are in their refrigeration cycle. The form 
of the invention illustrated in FIGURE 3, on the other 
hand, injects the partially condensed refrigerant from the 
evaporator unit into the liquid refrigerant supply line 52 
in such manner that a portion thereof may be stored for 
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subsequent use in cooling the evaporator units. The units in a cycle where'the units appear in the order given, 
lique?ed refrigerant being substantially incompressible, 
it is necessary to modify the system slightly in order 
to provide storage space for the added liquid refrigerant 
while still maintaining the required pressure differential. 
In this connection, I have found it practicable to utilize 
the storage capacity of the receiver 63 by mounting the 
pressure-reducing valve means 57 (corresponding to 
means 17 of FIGURE 1) in line 62 between the condenser 
61 and receiver 63. The refrigerant passing into line 52 
from the evaporator 51 during the defrost cycle will be 
stored in receiver 63 and will be added to the supply of 
liquid refrigerant available to the evaporator expansion 
valves 66. 
From the foregoing it will be seen that I have provided 

a novel method and apparatus for defrosting a refrigera 
tion system in which the thermal ef?ciency of the system 
is increased while completely eliminating any necessity 
of separate apparatus for revaporizing or atomizing the 
cooled defrost refrigerant, since such refrigerant is not 
returned to the compressor directly but rather is added to 
the liquid refrigerant supply. In addition I have pro 
vided a novel means for controlling the pressure differ 
ential between the hot gas supply and the liquid refriger 
ant supply line so as to afford the described mode of 
operation of the invention. 

I claim: 
1. The method of defrosting evaporator units connected 

in parallel at one end to a liquid refrigerant supply line 
and selectively connectable at their opposite ends to a 
compressor suction line and a hot gas supply line, which 
comprises the steps of connecting the evaporator unit to 
be defrosted to the hot gas supply line, connecting the 
other evaporator units to the compressor suction line, 
controlling the pressure in the hot gas supply line to a 
predetermined value, supplying liquid refrigerant in the 
liquid supply line at a temperature below the condensa 
tion temperature, and controlling the pressure in the 
liquid refrigerant supply line to a lesser value than the 
pressure in the hot gas supply line but at a pressure high 
enough to retain substantially all of the liquid refrigerant 
in the liquid state in the refrigerant supply line, said pres~ 
sure also being low enough to create a pressure differential 
across the evaporator unit being defrosted sufficient to urge 
refrigerant condensed therein into said liquid refrigerant 
supply line for passage through the evaporator units not 
being defrosted. ' 

2. The method as described in claim 1, wherein the 
pressure in said liquid refrigerant supply line is reduced 
below the pressure in said hot gas supply line so as to 
provide a pressure differential therebetween of from about 
10 to about 25 pounds per square inch. 

3. The method of defrosting a refrigeration system 
having a compressor, a condenser, a receiver, a liquid 
refrigerant supply line, a plurality of evaporator units 
connected in parallel to the refrigerant supply line, a 
compressor suction line, and conduits connecting the 
units in a cycle where the units appear in the order given, 
comprising the steps of taking compressed hot refrigerant 
gas from the compressor and reducing its pressure to 
provide a controlled source of hot gas under pressure, 
reducing the pressure of the liquid refrigerant in the 
liquid refrigerant supply line to a pressure from 10 to 
25 p.s.i. lower than said reduced pressure of the hot gas, 
directing hot gas at the controlled reduced pressure into 
one of the evaporator units and through the same into 
the liquid supply line to effect defrosting of said unit 
while supplying the remainder of the evaporator units 
with liquid refrigerant from the compressor suction line 
for normal refrigerating operation. 

4. The method of defrosting a refrigeration system 
having a compressor, a condenser, a receiver, a liquid 
refrigerant supply line, a plurality of evaporator units 
connected in parallel to the refrigerant supply line, a 
compressor suction line, and conduits connecting the 
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comprising the steps of taking compressed hot refrig 
erant gas from the compressor and reducing its pressure 
to provide a controlled source of hot gas under pressure, 
reducing the pressure of the liquid refrigerant in the liq 
uid refrigerant supply line to a pressure from 10 to 25 
p.s.i. lower than said reduced pressure of the hot gas, 
cooling the liquid in the liquid refrigerant supply line 
by removing heat energy therefrom prior to reducing the 
pressure thereof an amount sufficient to prevent ?ash 
vaporization of refrigerant in the liquid refrigerant Sup 
ply line as the pressure is reduced, and directing hot 
gas at the controlled reduced pressure into one of the 
evaporator units and through the same into the liquid 
supply line to effect defrosting of said unit while sup 
plying the remainder of the evaporator units with liq 
uid refrigerant from the receiver for normal refrigerating 
operation. 

5. The method of defrosting a refrigeration system 
as de?ned in claim 4 in which at least two evaporator 
units are operating on a refrigeration cycle for each 
evaporator unit operating on a defrost cycle. 

6. The method of defrosting a refrigeration system 
as de?ned in claim 4, in which the condensing pressure 
at the condenser is maintained at a pressure at least 5 
psi. higher than the adjusted pressure of the hot gas. 

7. The method of defrosting a refrigeration system 
having a compressor, a condenser, a receiver, a liquid 
refrigerant supply line, a plurality of evaporator units 
connected in parallel to the refrigerant supply line, a 
compressor suction line, and conduits connecting the 
units in a cycle where the units appear in the order given, 
comprising the steps of taking hot gas from the compres 
sor and maintaining same at a constant pressure of about 
175 p.s.i., reducing the pressure in the liquid refrigerant 
supply line to a constant pressure of about 160 p.s.i., 
cooling the liquid in the liquid refrigerant supply line 
by removing heat energy therefrom prior to reducing the 
pressure thereof an amount sufficient to prevent ?ash 
vaporization of refrigerant in the liquid refrigerant sup 
ply line as the pressure is reduced, maintaining the con 
densing pressure in the condenser at a pressure above 
about 180 p.s.i., passing said hot gas through one of the 
evaporator units to defrost the coils and condense the 
hot gas therein, and adding the condensed hot gas to the 
liquid refrigerant supply line Where it is effective to pro 
vide cooling in the remaining evaporator units. 

8. In a refrigeration system, a liquid refrigerant sup 
ply line, a compressor suction line, a plurality of evap 
orator units connected in parallel between said liquid re 
frigerant supply and compressor suction lines, a hot gas 
supply line, means for selectively connecting said hot 
gas supply line to said evaporator units and at the same 
time disconnecting the latter from said compressor suc 
tion line, and means for regulating relative pressures in 
said liquid refrigerant supply line and said hot gas supply 
line comprising a pressure regulating valve mounted in 
said hot gas supply line upstream of said evaporator units 
and formed for reducing the pressure in such line to a 
constant predetermined value, and a pressure regulating 
valve mounted in said liquid refrigerant supply line up 
stream of said evaporator units and formed for reducing 
pressure in said line to a value below the pressure in 
said hot gas supply line downstream of said ?rst-named 
pressure regulating valve for creating a pressure differ 
ential across the evaporator unit when said evaporator 
unit is being defrosted. 

9. A refrigeration system as described in claim 8 which 
which also comprises subcooler means in said liquid re 
frigerant supply line upstream of said pressure-regulator 
valve formed ‘for maintaining the liquid refrigerant in 
said line at a temperature sufficiently low to prevent flash 
vaporization as the liquid refrigerant passes through 
said pressure-regulator valve. 

10. A refrigeration system as described in claim 9 
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wherein said subcooler means includes a subcooler evap- ' 
orator coil in heat exchanging relation to said liquid 
refrigerant supply line and connected to said compressor 
suction line, and expansion valve means connected be 
tween‘ said subcooler evaporator coil and said liquid 
refrigerant supply line for diverting a portion of the liquid 
refrigerant therefrom so as to effect subcooling of the 
rest of said liquid refrigerant passing through said liquid 
refrigerant supply line. 

11.- A refrigeration system comprising a compressor, a. 
condenser receiving refrigerant from the compressor, a 
receiver receiving refrigerant from the condenser, a liquid 
refrigerant supply line receiving the refrigerant from the: 
receiver, a plurality of units of evaporator coils, expan 
sion valve means connected between each unit of the 
evaporator coils and the liquid refrigerant supply line, 
a one-way by-pass valve around each of said expansion 
valve means, a suction line carrying refrigerant from the, 
evaporator units to the compressor, a hot gas line carrying 
hot refrigerant from the compressor to the evaporator! 
units, a two-position valve between each unit of the evap 
orator coils and the suction line adapted to shut off com 
munication to the suction line and to connect the unit with 
the hot gas line, a pressure-regulator valve in said liquid 
refrigerant supply line formed for maintaining a substan 
tially constant pressure therein lower than the pressure 
in said hot gas line and a pressure-regulator valve mounted 
in said hot gas line for maintaining substantially constant 
pressure therein higher than the pressure maintained by the 
pressure-regulator valve in the liquid refrigerant supply 
line whereby hot gas will ?ow into each of the evaporator 
coils from the hot gas line when the two-position valve 
for such ‘coil is set to communicate the evaporator coil 
with the hot gas line, said gas condensing in said evapora 
tor coils while achieving a defrosting operation and pass 
ing through the one-way bypass valve into the liquid 
refrigerant supply line for reuse in other evaporator 
coils as a refrigerant. 

12. A refrigeration system as described in claim 11’ 
wherein control means is provided for said two-position 
valves whereby at least two evaporator coils will be con 
nected in the refrigeration cycle for each evaporator coil 
connected in the defrost cycle. 

13. A refrigeration system as described in claim it 
wherein subcooler means is mounted in said liquid re 
frigerant supply line between said receiver and said evapo 
rator coils, said subcooler means being formed for main 
taining the liquid refrigerant in said line at a temperature 
su?iciently low to prevent ?ash‘vaporiz'ation as the liquid 
refrigerant passes throughv said pressure’regulator valve. 

14. A refrigeration system as‘ described in claim 13 
wherein said subcooler means includes a subcooler evap 
orator coil surrounding said liquidrefrigerant supply line 
and connected to the suction side of said? compressor, 
and expansion valve means connected between said sub‘ 
cooler evaporator coil and said liquid refrigerant supply 
line for diverting a portion of the liquid refrigerant there 
from so as to effect subcooling of the rest of said liquid 
refrigerant passing through said liquid refrigerant supply 
line. 

15. A refrigeration system as described in claim 14, 
wherein there are two compressors, one of which is a low 
stage booster compressor receiving refrigerant from said 
two-position valves of said evaporator coils while main 
taining a controlled pressure thereat and delivering such 
refrigerant in partially compressed form to the other 
compressor, the latter compressor comprising a high-stage 
compressor formed to further compress the refrigerant for 
delivery to said condenser, said hot gas line being connect 
ed to the discharge side of said last named compressor, 
and said subcooler evaporator coil being connected to the 
intake side of said last named compressor. 

16. A refrigeration system as described in claim 15 
wherein at least one group of air-cooling relatively high 
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temperature evaporator coils operating at temperatures 
above the freezing point of water are connected between 
the liquid refrigerant supply line and the intake side of the 
high-stage compressor. 

17. A refrigeration system comprising a compressor, a 
condenser connected to the discharge side of said com 
pressor, a receiver connected to said condenser, a plurality 
of evaporator units, expansion valves at one end of said 
evaporator units connected to said receiver, means for 
selectively connecting the opposite ends of said evapora 
tor units to the intake and discharge of said compressor, 
one-way check valves connected in by-pass relation around 
said expansion valves, and a pressure-regulating valve 
interposed in the connection between said receiver and 
said condenser and formed for reducing the pressure in 
said receiver to a value lower than the discharge pressure 
of said compressor so as to create a desired pressure drop 
across said evaporator units when connected thereto. 

18. In a refrigeration system, a liquid refrigerant supply 
line, a compressor suction line, a plurality of evaporator 
units connected in parallel between said liquid refrigerant 
supply and compressor suction lines, a hot gas supply 
line, means for selectively connecting said hot gas sup 
ply line to one of said evaporator units and at the same 
time disconnecting the latter from said compressor suc 
tion line, a pressure-regulator valve in said liquid refrig 
erant supply line upstream of said evaporator units for 
regulating the pressure in said liquid refrigerant supply 
line to create a pressure differential across said evapora 
tor units sufficient to urge refrigerant cooled therein into 
said liquid refrigerant supply line when said hot gas sup 
ply is connected to said evaporator unit, and sub-cooler 

' means in said liquid refrigerant supply line upstream of 
said pressure-regulator valve formed for maintaining a 
liquid refrigerant in said line substantially in a liquid state 

_ by removing heat therefrom and cooling to a temperature 
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su?iciently low to prevent ?ash vaporization as the liquid 
refrigerant passes through said pressure-regulator valve. 

19. A refrigeration system comprising a compressor, a 
condenser receiving refrigerant from the compressor, a 
receiver receiving refrigerant from the condenser, a liquid 
refrigerant supply line receiving the refrigerant from the 
receiver, a plurality of units of evaporator coils, expan 
sion valve means connected between each unit of the evap 
orator coils and the liquid refrigerant supply line, a one 
way by-pass valve around each of said expansion valve 
means a suction line carrying refrigerant from the evap~ 
orator units to the compressor, a hot gas line carrying 
hot refrigerant from the compressor to the evaporator 
units, a two-position valve between each unit of the evap 
orator coils and the suction line adapted to shut off com 
munication to the suction line and to connect the unit with 
the hot gas line, a pressure-regulator valve in said liquid 
refrigerant supply line formed for maintaining a substan 
tially constant pressure therein lower than the pressure in 
said hot gas line, and means for removing heat energy 
from the liquid refrigerant to prevent ?ash vaporiza 
tion as the liquid refrigerant passes through said pressure 
regulator valve and to maintain substantially all of the 
liquid refrigerant in the liquid supply line in a liquid 
state. 
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