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2,944,410 
REFRIGERATING APPARATUS 

Leonard J. Mann, John M. Murphy, and Clifford H. . 
Wurtz, Dayton, Ohio, assignors to General Motors 
Corporation, Detroit, Michi, a corporation of Dela 
Ware - - - - - - - - - 

Filed Oct. 6, 1955, Ser. No. 538,928 
3 Claims. (CI. 62-186) 

This invention relates to refrigerating apparatus and 
more particularly to an improved multiple-compartment 
type of refrigerator. The desirability of using a refriger 
ating system in which the evaporator for cooling the 
frozen food compartment and the evaporator for cooling 
the unfrozen food compartment are connected in unre 
stricted series refrigerant flow relationship is now well 
recognized but systems of this type present control prob. 
lems in view of the fact that the refriger 
each compartment fluctuates unevenly. 

It is an object of this invention to provide a simple 
and inexpensive control which makes it possible to main 
tain the temperature in each of the compartments, sub 
stantially constant at all times irrespective of the fluctua 
tions in refrigeration requirements in the different food compartments. 
More particularly, it is an object of this invention to 

provide a refrigerating system in which a fan circulates 
air over the second of two series connected evaporators and in which the refrigerant liquefying apparatus is cycled 
by a thermostat located in contact with this second evap 
orator and the fan is separately cycled in response to 
changes in the 
evaporator. - 

It is another object of this invention to provide an im 
proved type of automatic defrosting arrangement in a 
refrigerator of the type using forced air circulation over a portion of the evaporator. 

Further objects and advantages of the present invention 
will be apparent from the following description, reference 
being had to the accompanying, drawings, wherein a 
preferred form of the present invention is clearly shown. 

In the drawings: : 
Figure 1 is a perspective view showing. 

embodiment of the invention; 
Figure 2 is a vertical sectional view showing the ar 

rangement of the evaporators relative to the food storage 
compartments; and - 

Figure 3 is a fragmentary, sectional view taken sub 
stantially on line 3-3 of Fig. 2, showing the one evapo 
rator in the air flue and schematically showing the re 
frigerant circuit. 

Referring now to the drawing, wherein a preferred em 
bodiment of the invention has been shown, reference 
numeral 10 generally designates a household refrigerator 
having a motor-compressor compartment 12, a frozen 
food storage compartment 14, a main food storage.com 
partment 16 for storing unfrozen foods, and a hydrator 
18 pivotally supported on the main refrigerator door. 20. 
The refrigerator comprises, the usual sheet metal outer 
shell 22, which serves to support, a pair, of inner liner ele 

a. preferred 

ments. 24. and 26 which form the frozen food compart 
- ment and the unfrozen food-storage-compartment, respec 
tively, Suitable insulation 28 is provided between: the 
outer shell 22 and the inner liners in accordance: with standard practice. 
The main door 20-is-provided with one or more shelves 

ion load in 

temperature of the air leaving the second 
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30 for use in storing such articles as eggs and condiments 
and also serves as a support for the hydrator 18. 

For a more detailed description of the construction of 
the hydrator, reference is hereby made to our copending 
application, Ser. No. 418,668, filed March 25, 1954, now 
Patent Number 2,859,595, which shows an earlier version 
of the refrigerator disclosed herein. 
The refrigerating system which is used for cooling the 

food stored in the compartments 14, 16 and 18 consists 
of the usual motor-compressor unit 50 which is preferably 
of the hermetically sealed rotary type which is now very 
well known and needs no further description. The com 
pressed refrigerant leaving the compressor 50 flows into 
the condenser 52 from whence the liquid refrigerant flows 
through a conventional fixed restrictor type of pressure 
reducing device 54. Insofar as certain aspects of this in 
vention are concerned any type of pressure reducing 

20 

25 

means may be used such as an automatic expansion 
or a thermostatic expansion valve. 

In the preferred embodiment of the invention, a fixed 
restrictor is used and serves to convey liquid refrigerant 
into a first primary evaporator. 56 which is incorporated 
in the liner 24 of the frozen food compartment 14. After 
the evaporator 56 has been filled with liquid refrigerant 
the surplus refrigerant flows through an - unrestricted 

valve 

passage. 58 into a second primary evaporator 60 which is 

30 

35 

mounted in an air flue 70 at the back of the compartment 
16 and serves to cool the main food storage compartment 
16 in a manner to be explained more fully hereinafter. 
The second evaporator 60 consists of a roll bonded-plate 
which has been manufactured by the process disclosed in 
U.S. Patent Nos. 2,662,273 and 2,712,736. The liquid 
refrigerant leaving the first evaporator 56 enters the evap 
orator 60 through the line 58 which leads to a wafile 
plate type of accumulator and primary evaporator passage 
61. The refrigerant leaving the passage 61 flows-through 
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a passage. 63 into the bottom of a second waffle-plate type 
of accumulator and refrigerant passage 65 which is 
arranged as shown. The outlet from the passage 65 is 
connected to a plate type accumulator. 67 located in the 
return line. 62. which leads to the inlet of the motor 
compressor unit 50. The waffle-plate-type of accumulator 
passages 61 and -65 serve the dual: purpose of storing sur 
plus refrigerant and as disengaging passages which pre 
vent the vaporized refrigerant from sweeping slugs of 
liquid refrigerant into the suction line. 62. 

In view, of the fact that the capacity of the primary 
evaporators 56 and 60 will vary, from one refrigerator 
to another due to the inability or impracticability of manu 
facturing all evaporators exactly alike, some means must 
be provided for- compensating for such variations, 
Furthermore, changes in ambient temperatures and 
changes-in-refrigerant loads will cause rather-wide varias 
tions in the quantity of liquid refrigerant in the evapo 
rators 56, and 60, with-the-result that in at least; some of 
the refrigerators, there will be a tendency; at times for 
liquid-refrigerant to enter the suction line 62: By virtue 
of the plate-type accumulator. 67, being arranged in direct 
thermal exchange-relationship- with the end-wall of the 
frozen food compartment liner. 24: this surplus liquid 
refrigerant will be vaporized in-the-accumulator-67 so as 
to usefully refrigerate the frozen food: compartment: 14 
At-Such times: when no liquid refrigerant spills over into 
the suction line 62 the plate type accumulator 67 will 
serve to remove super heat from the relatively warm 
refrigerant vapor leaving the plate-type evaporator 60. 

70 
end of the flue' 

The evaporator 60 is mounted in the air flue 70 ar. 
ranged in the back wall of the compartment 16, as best 
shown in Figs. 2 and 3 of the drawing. Air enters: the 
flue 70 through an inlet 72 arranged adjacent the lower . . 

as shown, and leaves the fue through 
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an outlet 74 adjacent the upper portion of the compart 
ment 16. A fan 76 is used for forcefully circulating air 
through the flue so as to cool the air and then discharge 
it forwardly adjacent the upper portion of the compart 
ment 16. The air then flows downwardly in thermal 
eXchange relationship with the food stored on the door 
shelves and part of the air flows between the hydrator 
18 and the door and some of the air short-circuits down 
through the main portion of the food storage compart 
ment on its way to the return air inlet 72. By virtue 
of this forced air circulation arrangement and by virtue 
of the fact that the food shelves and hydrator are con 
structed so as to facilitate the circulation of air, it is 
obvious that no pockets of stagnant air will form during 
normal operation of the apparatus. The fan 76 is offset 
from the bottom of the evaporator 60 as as to be out 
of the path of defrost water draining from the evaporator 
60, as best shown in Fig. 3. The lower end of the flue 
and the blower extend into the compartment 16, as best 
shown in Fig. 2, so as to allow space for insulation be 
tween the rear of the blower assembly and the outer 
shell 22. 
The control for the motor-compressor unit consists of a 

thermostatic bulb 80 mounted on the upper end of the 
evaporator 60, as shown. This bulb operates a switch 
82 (Fig. 3) arranged in the circuit 83 leading to the 
motor-compressor unit 50 so as to start and stop the 
unit 50 in accordance with temperatures of the evapora 
tor. 60. The switch 82 is preferably set to stop the op 
eration of the motor-compressor unit when the tempera 
ture of the plate 60 drops down to -15 F. and restarts 
the compressor when the temperature at the bulb 80 
reaches a value of somewhere between 34 and 36 F. By 
virtue of this type of control and the refrigerant circuit 
arrangement shown, together with the proportions of 
the evaporators to the size of the compartment to be 
cooled, it is possible to maintain the desired tempera 
ture differential between the frozen food compartment 
14 and the unfrozen food compartment 16 at all times 
and to cause the evaporator 60 to defrost itself during 
each “Off” cycle without melting any of the frozen 
foods. The switch 82 includes the usual cold control 
adjustment 84 which enables one to adjust the setting 
of the switch 82 so as to maintain either colder or warmer 
temperatures in the frozen food compartment 14. 
The fan 76 is adapted to be cycled by means of a 

thermostat 85 located in the path of the air leaving the 
upper end of the flue 70. This thermostat is shielded 
by a plastic plate 87 which prevents the outgoing air 
from directly contacting the thermostat 85. This plastic 
plate 87 serves to retard the response of the thermostat 
85 in a manner to prevent short-cycling of the fan 76. 
The thermostat 85 controls a switch 89 which is ar 
ranged in the circuit 91 of the fan 76. The switch 89 is 
preferably set to close the circuit to the fan 76 whenever 
the temperature at the thermostat bulb 85 is above 30 
and is adapted to maintain the circuit closed until the 
temperature at the bulb 85 drops to a value of approxi 
mately 23 at which time the circuit to the fan 76 is 
opened. It has been found that the construction and 
arrangement described hereinabove makes it possible 
to maintain the air temperature in the compartment 16 
at a very constant value of approximately 36 irrespec 
tive of changes in the outside air temperature and changes 
in refrigeration requirements resulting from frequent 
opening of the door 20 or resulting from variations in the 
amount and temperature of the food placed in the refrig 
erator. 
The frozen food compartment 14 is provided with 

an inner door 90 which prevents the free circulation of 
air between the compartments 14 and 16 and which pre 
vents air from entering the frozen food compartment 
14 each time the door 20 is opened. The compartment 
14 is provided with the usual ice-tray shelves 92 which 
serve to support ice trays 94. The evaporator 56 is large 

0 

5 

20 

25 

30 

35 

40 

45 

50 

4. 
enough in proportion to the size of the compartment 14 
so as to maintain the temperature in the compartment 
14 at or near 0 F. depending upon the setting of the 
cold control 84, with the result that water may be frozen 
in the trays as needed. 

Since the evaporator 56 is the first to receive any 
liquid refrigerant, it is obvious that the frozen food com 
partment will be maintained properly refrigerated at all 
times before any of the surplus refrigerant will flow up 
wardly into the second evaporator 60. It is also obvious 
that when the compressor stops operating, the refrigerant 
in the evaporator 60 can drain down into the first evapo 
rator portion 56 so as to continue refrigerating the frozen 
food compartment after the last of the refrigerant has 
been vaporized in the evaporator 60. 

During the “Off” cycle of the motor-compressor unit 
50, when the last of the refrigerant in the evaporator 
60 has been vaporized, the air flowing over the evapora 
tor will quickly raise the temperature of the evaporator 
above the freezing point of the frost on the evaporator 
so as to thereby cause defrosting of the same. The de 
frost water drains from the bottom of the flue 70 through 
a slot 95 into the bottom portion of the food compart 
ment 16 from whence it enters a drain 100 which con 
veys the condensate water down into a pan 102 arranged 
in thermal exchange relationship with the relatively hot 
condenser 52 so as to cause evaporization of the defrost 
water. The drain 100 includes a drain tube 104 which 
by-passes the freezer compartment 14 and the insula 
tion surrounding the compartment 4. 
While the form of embodiment of the invention as 

herein disclosed constitutes a preferred form, it is to be 
understood that other forms might be adopted, as may 
come within the scope of the claims which follow. 
What is claimed is as follows: 
1. In a refrigerator, a cabinet having a first compart 

ment for storage of frozen foods and a second compart 
ment for the storage of unfrozen foods, a first evaporator 
arranged in thermal exchange relationship with said first 
compartment, a second evaporator for cooling air for 
said second compartment, refrigerant liquefying means, 
refrigerant flow means for supplying liquid refrigerant 
from said refrigerant liquefying means to said first and 
second evaporators in series, said refrigerant flow means 
including pressure reducing means adjacent the inlet of 
said first evaporator, said second evaporator being con 
nected to the outlet of said first evaporator so as to re 
ceive the overflow refrigerant from said first evaporator, 
means responsive to the temperature of one portion of 
said second evaporator for controlling the operation 
of said refrigerant liquefying means, fan means force 
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fully circulating air from said second compartment into 
thermal exchange relationship with said second evap 
orator, means responsive to the temperature of the air 
leaving said second evaporator for starting and stopping 
the operation of said fan, said last named means includ 
ing a temperature sensing bulb and means for shielding 
said bulb from direct contact with the air discharged by 
said fan means. 

2. In a refrigerator, a cabinet having a first compart 
ment for storage of frozen foods and a second compart 
ment for the storage of unfrozen foods, a first evaporator 
arranged in thermal exchange relationship with said first 
compartment, a second evaporator for cooling said second 
compartment, a compressor, a condenser, refrigerant flow 
means connecting said evaporators, compressor, and con 
denser in series flow relationship, pressure reducing means 
in said refrigerant flow means between said condenser 
and said first evaporator, said second evaporator being 
directly connected to the outlet of said first evaporator 
so as to receive the overflow refrigerant from said first 
evaporator, means forming an air flue adjacent one wall 
of said second compartment, said second evaporator being 
mounted in said air flue, fan means forcefully circulating 
air from said second compartment through said air flue 
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in thermal exchange relationship with said second evap 
orator, and means responsive to the temperature of the 
air at the outlet of said air flue for starting and stopping 
said fan means. 

3. In a refrigerator, a cabinet having a first compart 
ment for storage of frozen foods and a second compart 
ment for the storage of unfrozen foods, a first evaporator 
arranged in thermal exchange relationship with said first 
compartment, a compressor, a condenser, refrigerant flow 
means connecting said evaporators, compressor, and con 
denser in series flow relationship, pressure reducing means 
in said refrigerant flow means between said condenser 
and said first evaporator, said second evaporator being di 
rectly connected to the outlet of said first evaporator so 
as to receive the overflow refrigerant from said first evap 
orator, means forming an air flue adjacent one wall of 
said second compartment, said second evaporator being 
mounted in said air flue, fan means forcefully circulat 
ing air from said second compartment through said air 
flue in thermal exchange relationship with said second 
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evaporator, means responsive to the temperature of the 
air at the outlet of said air flue for starting and stopping 
said fan means, and means responsive to the temperature 
of a portion of said second evaporator for starting and 
stopping the operation of said compressor. 
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