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My invention relates to refrigerating systems 
and more particularly to refrigerating systems of 
the closed secondary type. 
Some refrigerators are provided with two com 

partments refrigerated by separate evaporators 
maintained at different temperatures, one com 
partment being used for frozen food and the other 
compartment being used for fresh food. It is 
desirable in some cases to maintain the surface 
temperature of the cooling unit for the fresh food 
compartment slightly above 32° F. so as to obtain 
a high humidity atmosphere in the compartment 
and to prevent the formation of frost. The cool 
ing of the fresh food compartment may be pro 
vided by a secondary refrigerating system em 
ploying a volatile liquid as its refrigerant. The 
secondary system may comprise a closed conduit 
or loop of tubing partially filled with the liquid 
refrigerant and arranged to provide a vapor con 
densing portion and a liquid evaporating por 
tion. The condensing portion of the secondary 
system is connected to be cooled by the primary 
evaporator and arranged so that the condensed 
refrigerant ?ows back to the evaporating portion 
of the secondary system. Since the primary 
evaporator, which supplies refrigeration for the 
frozen food compartment, is normally operated at 
about 0° F., the condensed refrigerant in the sec 
ondary system may be cooled. substantially below 
32° F. before ?owing away from the condensing . 
portion. Delivery of liquid refrigerant to the 
evaporating portion at temperatures well below' 
32° F. is objectionable and may cause localized 
frosting. It is desirable to minimize the supply 
ing of liquid refrigerant at such low temperatures 
to the evaporating portion of the secondary sys 
tem in order to maintain the temperature of the 
evaporating portion in the neighborhood of 32° F,‘ 

Accordingly, it is an object of my invention to 
provide an improved heat exchange arrangement 
for a secondary refrigerating system. 
Further objects and advantages of my inven 

tion will become apparent as the following de 
scription proceeds and the features of novelty 
which characterize my invention will be pointed 
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of a metallic shell I which forms the liner of the 
frozen food compartment. This compartment is 
refrigerated by a primary evaporator 2 secured 
in heat exchange relation with the exterior of 
the shell |. Liquid refrigerant is supplied to the 

- primary evaporator from any suitable refriger 
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out with particularity in the claims annexed to 
and forming part of this speci?cation. _ 
For a better understanding of my invention 

reference may be had to the accompanying draw 
ing in which Fig. 1 is a schematic perspective 
view showing an embodiment of my invention 
applied to a closed secondary refrigerating‘ sys 
tem; and Fig. 2 is a view taken ‘along the lne 2-2 
in Fig. 1 of a valve illustrated in Fig. 1. < _ 
Referring now to Fig. 1 there is shown a portion 

secured to the metal liner 

ating apparatus (not shown) through a restricted 
conduit 3 acting as an expansion device, and 
vaporized refrigerant is withdrawn from the other 
end of the primary evaporator through a suction 
line (not shown). 
In order to refrigerate the fresh food compart 

ment a closed secondary refrigerating system 
employing a refrigerant of the volatile liquid type 
is provided. This secondary system includes a 
condensing portion [and an evaporating por 
tion 5, the portion 5 being partially filled with a 
vaporizable liquid refrigerant. A valve 6 is pro 
vided between the ‘condensing portion and the’ 
evaporating portion for controlling the-?ow of 
refrigerant in the secondary system. To effect 
withdrawal of heat from the secondary system the 
condensing portion 4 is arranged in heat exchange 
relationship with a portion 1 of the primary 
evaporator 2. 
The evaporating portion v5 is shown only sche-. 

matically in this ?gure but it may be located in 
any suitable relation with the fresh food com 
partment for refrigeration of that compartment. 
For example, the evaporating portion may be 

of the fresh food 
compartment. ‘ - ‘i - 

The evaporating portion 5 is connected in open 
communication with a chamber 8 within the valve 
v5 by conduits 9 and I0. Conduit II is provided 
for conducting vaporized refrigerant from the 
chamber 8 to the condensing portion of the sec 
ondary system. Liquid refrigerant is returned 
from the condensing portion 4 to the valve 
through a conduit l2. ' 

Referring‘ now to Fig. 2, the valve 6 includes a 
' housing l3 composed of two complementary cup 
shaped parts It and l5.- The two parts l4 and 
15 are secured to a central support member It 
in sealing relationship to form a unitary hous 
in'g structure. The chamber 8, previously re 
ferred to, is located within the portion l5 of the 
housing, and the conduits 9 and ID are connected 
in open communication with this chamber.‘ The 
conduit H, shown in Fig. 1, is also in open com 
munication with this chamber. Within the hous 
ing l3 there is located a valve element II for 
controlling the flow of liquid refrigerant \from 
the condensing portion 4 through the conduit‘ I2 
and thence through the conduit 9 to the evaporat 
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ing portion 8. The valve element i1 is arranged 
for reciprocation within a hollow guide cylinder 
II, and two thin lands I I are provided for fa 
cilitating movement along the interior of the 
cylinder. A spring 20 is provided for biasing the 
valve element toward its open position, one end 
of the spring engaging the closed end of the 
cylinder l8 and the other end of the spring en 
gaging one of the lands I8. Movement of the 
valve element is controlled by a bellows it. .One 
side of the bellows is subjected to the pressure of 
the refrigerant in the evaporating portion and 
the other side of the bellows is subjected to the 
pressure of a charge of an inert gas, such as 
nitrogen, in a closed chamber 22 formed between 
the exterior of the bellows 2i and the portion l4 
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of the housing. In order ‘to prevent binding of ' 
the valve element against the sides of the cylinder 
It the end of the valve element is formed to 
provide aspherical surface 23. A plate 24 of 
hardened metal is secured to the interior of the 
end of the bellows to provide a bearing for the 
valve element and to prevent deformation of the 
bellows. Summarizing, liquid refrigerant in the 
evaporating portion 5 is vaporized by heat ab 
sorbed by the evaporating portion 5 and the 
vaporized refrigerant passes through the conduit 
‘in to the chamber 8 in valve 6. The vaporized 
refrigerant passes from the chamber 8 through 
the conduit II, which is in open communication 
with the chamber 8, and thence into the con 
densing portion 4. The vaporized refrigerant is 
condensed in the'condensing portion 4 as the 
.result of heat being'extracted by the primary 
evaporator 2 and the liquid refrigerant then ?ows 
downwardly into the conduit l2. If the valve 
element" is in its open position, the liquid re- _ 
frigerant flows into the chamber 8 and thence 

' from the chamber 8 through the conduit 9 back 
into the evaporator portion 5. As explained 
above, one side of the bellows ‘M is subjected 
to the pressure of the refrigerant in the evaporat-v 
ing portion, since the'evaporating portion is in 
open communication with the chamber 8, and 
thus with the interior 'of the bellows 2|, through 
the conduit [0. As further explained above, the 
opposite side of the bellows is subjected to the‘ 
pressure of _a charge of inert gas in the closed 
chamber 22. The valve element i1 is biased 
toward its open position by the spring 20. When 
the pressure of the refrigerant in the evaporating‘ 
portion 5, plus the biasing force exerted by the 
spring 23, exceeds the opposing pressure exerted 
by the inert gas in the chamber 22, the valve 
element I1 is moved to an open position and 
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irigerant within the condensing portion 4 will 
also tend to reach alow temperature of the order 
of 0’ F. This is particularly true during periods 
when the refrigeration requirements of the 
evaporating portion 5 are low since, during such 
times, the valve 8 is closed and condensed re 
frigerant is held in the lower part of the con 
densing portion 4. It is undesirable to allow re 
frigerant of this low temperature to pass to the 
evaporating portion 5 since it would cause an 
undesirably low temperature at the bottom of 
the evaporating portion 5 and result in the forma 
tion of frost on the outside of the evaporating 
portion. In order to raise the temperature of 
this liquid refrigerant and to insure that liquid 
refrigerant passing to the evaporating portion 5 
will not be at a temperature sumciently low to 
cause formation of frost on the evaporating 
portion, the conduits H and II are arranged in 
heat exchange relationship. These conduits are 
soldered or otherwise suitably secured in intimate 
heat exchange contact with each other as indi 
cated at 25 in Fig. 1. The warm vaporized re 
frigerant passing through the conduit ll gives 
up some of its heat to the liquid refrigerant in 
the conduit l2. The temperature of the liquid 

‘ refrigerant is therebyv raised so that it may be 
transmitted to the evaporating portion 5 with 
out causing frosting. At the same time the heat 
withdrawn from the vaporized refrigerant causes 
a portion of the vaporized refrigerant to con 
dense and this condensed refrigerant ?ows back 
into the chamber 8 and thence into the evaporat 
ing portion 5. In order to facilitate the flow of 
condensed refrigerant from the conduit H to 
the chamber 8 the conduit II is sloped toward 
the chamber 8 as indicated in the drawing. Simi 
larly, to facilitate flow of liquid refrigerant from 
the condensing portion 4 through the valve 5 
to the evaporating.‘ portion 5 the vconduit I2 is 
sloped toward the valve 6. 
Heat transfer between the vaporized and the 

liquid refrigerant is assisted by arranging the 
‘conduit ll below the conduit 12. This arrange 
ment insures that any refrigerant condensing in. 

- the conduit ll ?ows along the bottom of this 
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flow of liquid refrigerant from the conduit l2 to 
the evaporating portion 5 is permitted. Con 
versely, ‘when the pressure of the refrigerant in 
the evaporating portion 5, plus the biasing force 
of the spring 20 is less than the opposing force 
of the inert gas in the chamber 22, the valve ele 
ment I‘! is moved to its closed position stopping 
flow‘ of liquid refrigerant to the evaporating 
portion 5 from the conduit i2. Since the pres 
sure of the refrigerant in the evaporating portion 
5 varies with the temperature of this evaporating 
portion, it can be seen that the valve 5 is effective 
‘to control the supplying of liquid refrigerant to 
the evaporating portion 5 in accordance with the 
temperature of this evaporating portion, and 
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conduit to the chamber 8, and hence this liquid 
refrigerant is remote from the region where the 
conduits H and I2 are in heat exchange rela 
tionship. Therefore, the condensed refrigerant 
_?owing along the conduit H has no eifect in re 
tarding heat exchange between the vaporized 
refrigerant in conduit II and the liquid refriger 
ant in conduit l2. - - 

While I have shown and described a speci?c 
' embodiment of my invention I do not desire my 
invention to be limited to the particular con 
struction shown and I intend by the appended 
claims to cover all modi?cations in the spirit and 
‘scope of my invention. 
What I claim as new and desire to secure by _ 

Letters Patent of the United States is: 
1. A closed secondary refrigerating system in 

cluding a condensing portion and an evaporating 
65 ‘portion and containing a refrigerant of the vola 

hence in accordance with its refrigeration re-‘ 
quirements. ' _ - 

Since the primary evaporator 2 is maintained at 
a very low temperature, for example, O°YF.,. the 
temperature of the condensed ‘secondary re 76 

tile liquid ‘type, means including a conduit for 
conducting vaporized refrigerant from said evap 
orating portion to said condensing portion, means 
including a second conduit for conducting liquid 
refrigerant from said condensing portion to said 
evaporating portion, means including alow tem 
perature evaporator for» extracting heat from said 
condensing portion, and a valve connected to 
said second conduit between said condensing por 
tion and said evaporating portion for controlling 
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the flow of liquid refrigerant, said valve being 
adapted in its closed position to hold liquid re 
frigerant in said second conduit and in said con 
densing portion, said conduits being arranged in 
heat exchange relationship with each other for 
raising the temperature of the liquid refrigerant 
substantially to the temperature of said evapo 
rating portion before delivery to said evaporat 
ing portion. 

2. A closed secondary refrigerating system in 
cluding a condensing portion and an evaporating 
portion and containing a refrigerant of the vola 
tile liquid type, means including a first conduit 
for conducting vaporized refrigerant from said 
evaporating portion to said condensing portion, 
means including a second conduit for conducting 
liquid refrigerant from said condensing portion 
to said evaporating portion, and means for main 
taining said conduits in heat exchange relation 
ship with each other to raise the temperature of 
the liquid refrigerant in said second conduit, said 
?rst conduit being sloped to direct refrigerant 
condensed therein back toward said evaporating 
portion. 

3. A closed secondary refrigerating system in 
cluding a condensing portion and an evaporat 
ing portion and containing a refrigerant of the 
volatile liquid type, means including a ?rst con 
duit for conveying vaporized refrigerant from 
said evaporating portion to said condensing por 
tion, and means including a second conduit for 
conveying liquid refrigerant from said condens 
ing portion to said evaporating portion, said con 
duits being arranged in heat exchange relation 
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ship with each other to raise the temperature of 35 
the liquid-refrigerant in said second conduit be 
fore delivery to said evaporating portion, said 

first conduit being arranged beneath said second 
conduit whereby any liquid resulting from con-.. 
densation of vaporized refrigerant in said ?rst 
conduit ?ows along the side of said ?rst conduit 
remote from said second conduit so that the heat 
exchange between said conduits is not affected. 

4. A closed secondary refrigerating system in 
cluding a condensing portion and an evaporating 
portion and containing a refrigerant of the vola 
tile liquid type, means including a ?rst conduit 
for conveying vaporized refrigerant from said 
evaporating portion to said condensing portion, 
and means including a second conduit for'con 
veying liquid refrigerant from said condensing 
portion to said evaporating portion, said con 
duits being arranged in heat exchange relation 
ship with each other to raise the temperature of 
the liquid refrigerant in said second conduit, said 
second conduit being sloped toward said evapo 
rating portion to cause the liquid refrigerant to 
flow toward said evaporating portion, said ?rst 
conduit also being sloped toward said evaporat 
ing portion to cause vaporized refrigerant con 
densing therein to return to said evaporating 
portion. 

FRANK A. SCHUMACH‘ER. 
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