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This invention relates to refrigeration apparatus and 
more particularly to improved means and method for hot 
gas defrosting. 

Hot gas defrosting for refrigeration evaporators is 
a comparatively old art, but with the advent of ex 
tensive use of extra low temperature refrigerators, im 
proved methods have become necessary. 
The improved methods disclosed herein are based on 

the premise that defrosting of evaporators in low tem 
perature refrigerators should be accomplished during the 
least possible period of time to avoid excessive warm 
up of the refrigerated enclosure or chamber. To ac 
complish this defrosting in the least possible time, the 
compressor must be supplied with a constant and Sufi 
cient supply of evaporated heat laden gas, for trans 
mission to the evaporator which is being defrosted, to 
keep the compressor adequately loaded, but not over 
loaded, during the entire defrosting operation. It is 
therefore a requirement that not only an adequate quantity 
of evaporated heat laden gas be supplied to the com 
pressor, but such supply should be regulated and con 
trolled as to the amount so that overloading of the 
compressor does not occur. 

It is common practice in hot gas defrosting systems 
to position heat exchangers or auxiliary evaporators in 
the refrigerant line, which conveys the refrigerant from 
the enclosure evaporator to the low side of the com 
pressor, to reevaporate liquid refrigerant which is con 
densed as a result of such defrosting before it reaches 
the compressor. This method, of course, prevents the 
refrigerant from entering the compressor in liquid form 
which might cause damage to the compressor, but be 
cause of variation in evaporator temperature during 
defrosting, the amount of refrigerant which is condensed 
varies and the flow of liquid refrigerant from the evap 
orator to the auxiliary heat exchanger or evaporator is 
consequently erratic. The result is that the supply of 
vaporized heat laden gas is uneven and at times insuffi 
cient during the defrosting operation. Consequently 
the defrosting is not as efficient and rapid as desirable. 

It is therefore a primary object of this invention to 
provide apparatus in association with a refrigeration sys 
tem which will permit hot gas supplied from the com 
pressor to defrost an evaporator within a refrigerated 
chamber, and at the same time assure an adequate 
and regulated quantity of said defrosting gas. 
Another object is to provide in association with a re 

frigeration system an improved hot gas defrosting system 
wherein the hot gas will be supplied from the refrigerant 
as a result of the absorption of heat by an auxiliary 
evaporator outside the refrigerated chamber and will 
be transmitted to accomplish the defrosting by the com 
pressor of the refrigeration system. 
A further object is to associate a hot gas defrosting 

system with a refrigeration system in the manner re 
ferred to and further provide apparatus for by-passing 
liquid refrigerant condensed as a result of defrosting 
around the functional components of the refrigeration 
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system which are intermediate the low side of the evap 
orator and the receiver thereof and directly to the said 
receiver. 

Still a further object is to provide in association with 
a refrigeration system an improved hot gas defrosting 
system in which an auxiliary evaporator outside the 
refrigerated chamber is employed to receive liquid re 
frigerant from the receiver of the refrigeration system, 
vaporize it, and thereby provide a supply thereof to the 
compressor of the refrigeration system for transmission 
to the evaporator to be defrosted. 

Another object is to provide an arrangement of re 
frigeration apparatus in which a secondary evaporator is 
arranged outside the refrigerated chamber to absorb 
heat from a supplied fluid to thereby provide heat for 
establishing a hot gas for defrosting a refrigeration 
evaporator within the refrigerated chamber and to con 
trol the quantity of supplied fluid by a regulating valve 
responsible to the suction pressure of the secondary 
evaporator. 

Still another object is to provide a refrigeration sys 
tem with a hot gas defrosting system employing the re 
frigerant of the refrigeration system means for by-passing 
the liquid condensed during defrosting of the refrigera 
tion evaporator directly to the receiver and thereby 
eliminate any necessity of re-evaporation of said liquid 
so it can pass through the compressor of the refrigera 
tion system. 
A further object is to provide in association with a 

refrigeration System a hot gas defrosting system in which 
the liquid refrigerant of the refrigeration system is em 
ployed and the hot gas is obtained by means of a sec 
ondary evaporator receiving liquid refrigerant directly 
from the refrigeration receiver, and then so controlled 
and Supplied to the compressor of said refrigeration 
system that an adequate uninterrupted flow of hot gas 
will be present. 

Still a further object is to provide a hot gas defrost 
ing system for a refrigeration system in which the liquid 
refrigerant of the refrigeration system is employed to 
obtain the hot gas, yet the Supplying of refrigerant to 
the evaporator of the refrigeration system will not be 
detrimentally affected or adversely influenced as a re 
sult of defrosting operations. 
Yet a further object is to provide a hot gas defrost 

ing system for a refrigeration system in which a sec 
ondary heat absorbing evaporator is associated with the 
compressor of the refrigeration system and employed 
to produce the hot gas for defrosting, and further wherein 
control means will be provided to regulate and control 
the quantity of heat available to the heat absorbing 
surface of the Secondary evaporator, all responsive to 
the suction pressure of said secondary evaporator with 
the result that there will be proper regulation and contro 
of the quantity of heat absorbed during the defrosting 
operation. 

Another object is to produce an improved and simple 
hot gas defrosting system for a refrigeration system that 
can be associated with said refrigeration system in an 
easy and economical manner by employing standard 
fittings and valves, together with known timing and con 
trol devices to obtain the desired periods of the refrigera 
tion cycle and the defrosting operation. 

Other objects of my invention will become apparent 
from the following description taken in connection with 
the accompanying drawings in which: 

Figure 1 is a schematic view showing, by way of ex 
ample, a conventional low temperature refrigeration sys 
tem having associated therewith an example of a hot 
gas defrosting System embodying my invention; and 

Figure 2 is a sectional view of a 3-way valve which 
is an example of a type that can be employed in the 
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association of the defrosting system with the refrigeration 
System. 

Referring to Figure 1 in detail, a conventional low 
temperature refrigerating system is shown with which 
is to be associated a hot gas defrosting system embodying 
my invention. This low temperature refrigeration Sys 
term comprises an evaporator E of the coil type forfiing 
the evaporator section of the system (there may be more 
evaporators, but only one is shown for simplicity). This 
evaporator is positioned in a space or chaniber to be 
refrigerated which is indicated by the letters RC. Also 
forming part of the conventional system is the coil 
pressor C, the condenser D and the liquid receiver R. 
The receiver is connected to one end of the evaporator 
by a liquid conduit line L with which is associated the 
expansion valve it). There is also a Suction line S coji 
nected to the low side 1i of the compressor and to tic 
othcr end of the evaporator. To this suctioil line is 
clamped the bulb B which controls the expansion valve 
{{} in a well known manner. The high side 2 of the 
compressor is connected by a conduit 13 with one end 
of the condenser ED, said other end being connected iiite 
the receiver R as shown. 
With this conventional refrigeration system, the re 

frigerant in the evaporator absorbs heat from the space 
RC being cooled because the refrigerant is held under 
a pressure at which the liquid's boiling temperature is 
below the temperature of the surrounding air or materiai 
in the chamber. The heat flowing into the refrigerant 
causes it to boil and therefore converted into a vapor. 
This vapor then passes through the Suction line to the 
compressor C where it will be compressed to a pressure 
at which the temperature of the refrigerant is somewhat 
higher than the cooling medium (generally air or water 
about the condenser D). At the coindenser the heat 
is transferred from the compressor vapor to the cooling 
medium of the condenser, thereby causing the refrigerant 
to condense and liquefy. The liquid refrigerant then 
passes into the receiver R and subsequently through the 
liquid line L to the evaporator E through the expansion 
valve. This expansion valve is designed to keep the line 
as full of refrigerant as possible and prevent any return. 
in the evaporator the pressure of the refrigerant becomes 
reduced, where it again boils and thereby extracts more 
heat from the chamber RC, with the result that it is 
changed to a vapor. 
The defrosting system which I have shown associated 

with the just described conventional low pressure re 
frigeration system and which embodies my invention coil 
sists of a secondary evaporator SE which can be of the 
coil type. The purpose of this secondary evaporator is 
to change the refrigerant in liquid form to a heat ladien 
vapor which will be the hot gas for performing the de 
frosting operation on the evaporator E of the refrigerat 
ing system. in order to provide a body of heat So the 
refrigerant in the secondary evaporator can absorb heat 
and become vaporized, the Secondary evaporator is placed 
in a tank T to which warm water will be supplied in a 
controiled manner. The use of water as a Source Cf 
heat for the secondary cvaporator is shown by way of 
example only as it is to be understood that other sources 
of heat can be used if desired, such as air or other gases 
of other liquids. 
The tank. T has an inlet conduit 14 and an outlet 

coinciuit 5. The secondary evaporator is connected to 
receive liquid refrigerant from the receiver by a conduit 
16. The other end of the secondary evaporator is con 
nected by a conduit 7 with the suction line S of the 
refrigeration system by way of a 3-way valve V. This 
3-way valve may be of any well known construction 
and can be either manually or automatically controlled. 
Preferably, for automatic defrosting, the valve will be 
automatically controlled by a Solenoid which is coil 
lected into a time control circuit in a known manner. 
A form of 3-way valve which could be employed is shown 

20 

5 5 

4 
in Figure 2 by way of example. The valve VI will have 
a normal refrigeration condition which will disconnect 
the conduit 17 from the suction line and permit the suc 
tion line to be open so as to connect the evaporator 
E with the low pressure side of the compressor. 

in the conduit 16 connecting the receiver with the 
Secondary evaporator, there is inserted an expansion valve 
i3 so as to control the flow of liquid to the secondary 
evaporator. This expansion valve will be under the con 
trol of a thermal bulb SB which will be clamped to the 
colduit í7 leading from the secondary evaporator to 
the Suction line. 

It is also desirable in my defrosting system to not 
only control the supply of liquid to the secondary evapo 
rator from the receiver, but to also control the flow 
of water or other heat containing material to the sec 
ondary evaporator whereby the refrigerant absorbs heat 
and boils with the result it vaporizes. The control should 
be proportionate to the quantity of heat required to ex 
pand the refrigerant and supply a sufficient amount of 
expanded refrigerant or vapor to properly load the com 
pressor during the defrosting cycle, but not in an amount 
to cause any overloading of the compressor. I accom 
plish this control of the water flowing through the tank 
T by a regulating valve 19 which can be opened and 
closed in response to what is commonly known as the 
"suction pressure' of the secondary evaporator. "Stic 
tion pressure' is the pressure generated by vaporization 
of the refrigerant. The control valve element of the 
regulating valve 19 is connected to the line 17 by the 
tube 20. The regulating valve 19 may be of any known 
construction and arranged to function so as to move 
toward the closed position as the evaporator pressure 
suction increases and to move toward the open condition 
as the suction pressure decreases. 

RAy improved hot gas defrosting system also includes 
a secoid 3-way valve V which is incorporated in the 
line i2 of the refrigerating system which connects the 
igh pressure side of the compressor with the condenser 

i). The valve V can be of the same construction as the 
valve Wil, an example of which is disclosed in Figure 2. 
This 3-way valve will have a normal control position so 
that during operation of the refrigeration system it will 
not interfere with the connection of the condenser with 
the high side of the compressor. The other position of 
the contro: element of the 3-way valve will be arranged 
so as to cennect the high pressure side of the compressor 
to the evaporator E in the refrigerated chamber and this 
is accomplished by a conduit 23 leading from the valve 
to a T coin neator 22 in the suction line S between the 
previously referred to valve V1 and the evaporator E. 
As already mentioned, the valve V during defrosting 
will be in a position to cut off the suction line S froal 
the low pressure side of the compressor. Ti hus, ywhen 
the valve V is conditioned for defrosting simultaneously 
with the conditioning of waive V1 for defrosting, the high 
pressure side of the compressor will be directly connected 
with the evaporator E without being connected with the 
low pressure side. When the valve V is conditioned for 
defrosting, it will also be conditioned to cist off thc high 
pressure side of the compressor with the condenser. 

In the operatiom of my defrosting system, it is also 
aecessary to by-pass the expansien valve () in thc Jiquid 
line L between the receiver and the cva orator E so that 
liquid from the evaporator E can flow directly to the 
Teceiver, such liquid conning from the evaporator result 
ing from the hot gas condensing in the evaporator during 
the defrosting thereof. This by-passing of the expansion 
valve () is accomplished by a separate conduit 23 lead 
igg directly from the evaporator E to the receiver. in 
this conduit 23 there will be a check valve 24 whicin iyi ?i 
prevent refrigerant from having any reverse flow toward 
the evaporator during norinal operation of the refrigerat 
ing system when on a refrigerating cycle. 
When the solenoid is de-energized, valve element 26 
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is held on seat 24 by the spring 29 and there is a direct 
connection between line S and the compressor. When 
the solenoid is energized, the valve element is moved to 
engage seat 25 and then conduit 17 is connected to the 
compressor. 
The 3-way valve V1 shown by way of example in Fig 

ure 2 comprises a casing H in which are two valve seats 
25 and 25' with which the valve element 26 can alter 
nately cooperate. The valve element is carried on the 
end of a plunger shaft 27 which is movable by the sole 
noid 28. A spring 29 normally biases the valve element 
onto the seat 25'. The casing has a chamber 30 which 
is continuously connected to the compressor and line S 
is disconnected. Within the seat 25 is a chamber 31 to 
which conduit 17 coming from the secondary evaporator 
SE is connected. Within seat 25 is a chamber 32 to 
which the suction line S coming from the evaporator E 
is connected. 
The 3-way valve V2 can be of like construction and 

it is believed to be obvious how it will be connected to 
the condenser, compressor and the conduit 21 to obtain 
the desired control when the solenoid is not energized 
or is energized. 

Operation 
During refrigeration operation of the refrigerating sys 

tem the two valves V1 and V2 will be in their normal 
condition, which insures that the suction line S will be 
connected to the low side of the compressor and the high 
side of the compressor will be connected to the evapo 
rator E, through the condenser 18, the receiver R and 
the liquid line L. When defrosting is desired, both valves 
V1 and V will be operated. The valve V1 will be con 
ditioned so as to disconnect the suction line with the 
compressor and connect the line 17 with the low side of 
the compressor in the manner indicated by the arrow 
adjacent the valve V1. The operation of the valve V2 
will disconnect the high side of the compressor with the 
condenser and connect said high side with the suction 
line by way of the line 21, as indicated by the arrow 
adjacent the valve V. Hot gas will now be created by 
secondary evaporator SE and the compressor will func 
tion to force this hot gas to the evaporator E in the re 
frigerated chamber RC. The result will be that the evap 
orator E will be defrosted. As heat is transferred from 
the hot gas to the outside of the evaporator E to melt 
the frozen rinoisture thereon, it will become condensed 
and return to liquid form. This liquid will then be re 
turned to the receiver R by way of the line 23 which 
by-passes the expansion valve 10. The hot gas supplied 
by the secondary evaporator SE is obtained from the 
liquid receiver R by way of the conduit 16 and the expan 
Sion valve 18. When the liquid enters the secondary 
evaporator through the expansion valve, it will be main 
tained under a pressure at which it will boil. The tem 
perature of the refrigerant is below the temperature of 
the water in the tank T. Consequently, the refrigerant 
in the secondary evaporator will absorb heat from the 
warm water in the tank, thereby causing the refrigerant 
to boil and to be converted into a vapor laden with heat 
which is the hot gas employed to defrost the evaporator 
E in the refrigeration chamber. The heat laden vapor 
coming from the secondary evaporator will be carried by 
its own generated pressure through the line S7 to the com 
pressor. This generated pressure of the vaporized re 
frigerant is commonly known as "suction pressure' and 
will be referred to by that term in the claims. 
When heat is absorbed from the water in the container, 

the water temperature will be reduced and thus the tem 
perature difference between the boiling refrigerant and 
the water will be reduced, with the result that the quan 
tity of heat being absorbed will also be reduced and con 
sequently the "suction pressure' will have a reduction. 
When the "suction pressure' is reduced the water regu 
lating valve will be permitted to open, since this water 
regulating valve is connected by the line 20 to the con 
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duit 17 in which the vaporized refrigerant is flowing to 
the compressor. A reduction in the "suction pressure' 
will then open up the valve 19 with the result that warm 
water can flow more rapidly through the tank T and thus 
supply additional warm water and a greater amount of 
heat for absorption by the refrigerant in the secondary 
evaporator. By proper adjustment of the regulating valve 
19 and having it responsive to the "suction pressure' of 
the secondary evaporator, the flow of hot gas to the 
evaporator being defrosted can be properly regulated and 
controlled with the result that there will be a constant 
and adequate flow of hot gas to accomplish the defrost 
ing. This control of the hot gas will also be so arranged 
that there will not be any overloading of the compressor 
during defrosting. After defrosting is accomplished, the 
two 3-way valves V1 and V2 will again assume their nor 
mal condition so the refrigerating cycle can commence. 

It will be noted that my hot gas defrosting system is 
very simple and the secondary evaporator, tank, regulat 
ing valve, etc., can be associated with the conventional 
refrigeration system in a very cheap and easy manner. 
Standard parts can be employed to connect the defrosting 
system into the refrigeration system. It is only necessary 
to provide the 3-way valves, the by-pass return liquid line 
and the connecting conduits 17 and 21. The secondary 
evaporator will be connected to the receiver by a line 
joined into the refrigeration liquid line, or a separate 
liquid connection to the receiver. 
From the particular defrosting system disclosed, it is 

believed to be obvious that modifications can be made. 
There is disclosed one heat supply means for the second 
ary evaporator and control for the amount of heat avail 
able to be absorbed. It is, of course, obvious that other 
heat sources can be employed and the control thereof 
can be made by means other than a regulating valve under 
the control of the "suction pressure' of the secondary 
evaporator. It is well known that temperature and pres 
sure in low boiling point refrigerants have a close rela 
tionship and thus it is possible to control the Supply of 
heat to the secondary evaporator by a regulating valve 
which will be responsive to temperature changes of the 
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vaporized gas in the secondary evaporator, instead of the 
disclosed pressure control regulating valve. 

It is particularly stressed in connection with my de 
frosting system that the condenser is completely isolated 
during defrosting by the operation of the valves V1 and 
V2 which constitute what is generally known in refrigera 
tion engineering as "reversing valves,' or broadly means 
operable to effect reverse cycle operation. Any other 
known means for accomplishing the directing operation 
can be used. It is not used in any manner during the 
defrosting, as has been attempted by some prior defrost 
ing systems. It is to be further noted that in my system 
there is no attempt at re-evaporation of liquid as it re 
turns through a suction line. 

Thus, being aware of the possibility of modifications, 
all within the principles of my invention, it is to be under 
stood that the scope of the invention is not to be limited 
in any manner except in accordance with the appended 
claims. 
What is claimed is: 
1. In combination with a refrigeration system having 

a compressor, a condenser, a liquid refrigerant receiver 
and an evaporator together with Suction conduit connec 
tion from the evaporator to the low side of the com 
pressor and other means for connecting the high side of 
the compressor through the condenser and receiver to 
the evaporator including a liquid conduit line and con 
trol valve means, a defrosting system therefor comprising 
a secondary evaporator means connected to receive liquid 
refrigerant from the receiver of the refrigeration system, 
means for supplying controlled heat to be absorbed by 
the Secondary evaporator, control valve means control 
ling flow of said liquid to the secondary evaporator, valve 
means for disconnecting the refrigeration evaporator 
from the low side of the compressor and connecting said 




