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UNITED STATES PATENT OFFICE 
2462,240 

TWO-TEMPERATURE BEFRGERAO 
SYSTEM 

Paul D. Wan Vliet and Barte J. Elonkes, Galles 
burg, ., assignors to Liquid Carbonie Corpora 
tion, Chicago, , a corporation of Delaware 
Application March 21, 1945, Serial No. 583.925 

Canas (C. 62-4) 

This invention relates to an improvement in 
refrigerators and is adapted for use in domestic 
refrigerators. 
One purpose is to provide an improved two ten 

perature refrigerator. 
Another purpose is to provide a two tempera 

ture refrigerator in which a single refrigerant 
condensing unit is employed to circulate a vola 
tile refrigerant through evaporators employed to 
cool separate storage compartments to different 
temperatures. 
Another purpose is to provide improved control 

means for a two temperature refrigerator. 
Another purpose is to provide an improved 

refrigerant circuit for two temperature refrig 
erators. y 
Another purpose is to provide an improved 

system for delivering liquid refrigerant selectively 
to the evaporators of separate compartments in 
a two temperature refrigerator. 
Other purposes will appear from time to time 

in the course of the specification and claims. 
The invention is illustrated more or less dia 

grammatically in the accompanying drawings 
wherein: 

Figure 1 is a vertical section of a two tempera 
ture refrigerator; 

Figure 2 is a section at the line 2-2 of Figure 
1; 

Figure 3 is a diagrammatic showing of the re 
frigeration system and electrical circuit; and 

Figure 4 is a diagrammatic showing of an al 
ternative defrosting means. 

Like parts are indicated by like symbols 
throughout the specification and drawings. 
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Referring to the drawings, A generally indi 
cates a food storage cabinet including an in 
sulated back wall , insulated side walls 2, an in 
sulated top wall 3, an insulated bottom wall , 
and an insulated intermediate partition 5. The 
above mentioned walls and partitions define two 
storage compartments which are separated from 
and insulated from each other. 6 is an insulated 
door for the upper compartment and an in 
sulated door for the lower compartment. Thus 
the two storage compartments are insulated from 
each other and from the outside air. Any suitable 
gasketing or sealing means may be employed, it 
being understood that the details of the walls, 
doors and sealing means do not of themselves 
form part of the present invention. Any suitable 
means may be employed for limiting to a mini 
mum heat transfer between the inside of the Com 
partments and the outside air, and between the 
two compartments. 
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For convenience, the upper compartment is in 
dicated as B and the lower compartment as C. 
Located below the lower compartment C is an 
uninsulated space for a condensing unit, with a 
closure . 
The upper storage compartment B is preferably 

held at a relatively high temperature as from 35 
to 45 degrees Fahrenheit. The interior of the 
compartment C may be maintained at a tempera 
ture substantially below freezing, as from 0 to 10 
degrees Fahrenheit, to adapt it for quick freezing 
and for cold storage of frozen goods. 

Referring to the details of the compartments, it 
is advantageous to employ a liner or sleeve of 
sheet metal for each compartment, with evapora 
tor coils on the exterior of each such sleeve, in 
heat transfer relationship therewith. In connec 
tion with the upper compartment B is indicated 
a sieeve including a vertical rear wall , side 
walls 2, a top wali f3, and a bottom wall 4. 5 
indicates an evaporator coil which may extend 
about three sides of the liner or sleeve thus 
formed, namely about the rear wall and each 
of the side was 2. The length of the coil and 
the area of Wall with which it is in contact may 
be varied to cause the refrigerant to be evaporated 
at the desired temperature, preferably somewhat 
above freezing, to prevent frost and to minimize 
dew formation on the walls, and to insure a sufi 
ciently high relative humidity to prevent die 
humidification of stored food. The storage space 
of compartment B is bounded at the bottom by an 
insulating food storage shelf 6 which is shown 
as supported Severa inches above the botton Wall 
4, of the upper sleeve. It is convenient to identify 
the space below the insulating food shelf as the 
ice cube forming and storage compartment E. 
In the compartment E is illustrated a shelf in 
cluding an evaporator coil f, this coil or evapora 
tor being in Series with the evaporator 6. It is 
effective to freeze the contents of any suitable ice 
cube tray ortrays 8. Interposed in the line from 
evaporator f3 to evaporator is a restrictor 
diagrammatically illustrated at . Positioned 
below the evaporator is any suitable defrosting 
pan f9. Any suitable gap or gaps 20 may be em 
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ployed between the insulating shelf 6 and the 
side was and door of the compartment B. This 
air gap provides a connecting vapor path or paths 
between compartment E and and the compart 
ment B, to permit excess water vapor to be with 
drawn from the air in compartment B. The 
storage shelf 6 may preferably be permanently 
fixed in relation to the upper sleeve, with suitable 
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gaps or apertures provided, or it may be remov 
ably mounted on any pports such as the 
spacing and supporting p 

In compartment C is a liner sleeve including 
the backwall 25, side walls 2, bottom wall 27 and 
top wall 28. As in the case of the upper sleeve, 
any suitable evaporator coil 29 may extend about 
the sleeve, being preferably exterior thereto but 
in heat transfer relationship therewith. The 
length and shape of the coil may be varied to suit 
desired conditions but it may advantageously ex 
tend about the walls 25, 26 and 28, being prefer 
ably omitted from the bottom wall 27. 
With reference to the refrigerant condensing 

unit employed, any suitable means may be used. 
The particular mechanism herein illustrated is 
of the mechanical type. Since its details are 
not of themselves important the mechanism is 
illustrated only diagrammatically. 3D illus 
trates any suitable compressor, driven for ex 
ample from the motor 3. 32 is any suitable 
condenser coil and 33 a receiver. Any suitable 
means may be used to cause air to flow through 
the condenser, such as a fan on motor 3, or a 
separate motor and fan, or a chimney. The 
liquid refrigerant, under pressure, is delivered 
along the duct 34 to the thermal expansion valve 
generally indicated as 35, which may be of the 
type which has no thermal bulb and capillary 
tube but instead, has the suction gas returning 
through line 36, pass through the valve body, 
and apply suction pressure to the usual thermal 
expansion valve diaphragm, thus controlling 
superheat. 37 is a duct extending from the 
valve structure 35 to the three way solenoid 
valve 38, the details of which do not form part 
of the present invention and are not illustrated. 
It will be understood, however, that a liquid line 
39 extends to the lower compartment C and a 
liquid line 40 to the upper compartment B. Any 
suitable means may be employed, such as the 
restrictor tubes 4 and 42, for maintaining 
pressure on the solenoid valve ports to prevent 
liquid refrigerant from expanding within the 
Solenoid valve. When the refrigerant is circu 
lating through the evaporator 5 it returns by 
the pipe 43 to the suction line 36. In series with 
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the evaporator 5 is the ice cube tray shelf 
evaporator 7. 45 diagrammatically indicates 
a manual valve which permits shutting of the 
flow of refrigerant through coil 7, to permit de 
frosting. A bypass relief valve 44 normally shut, 
but opening when valve 45 is closed is provided, 
thus maintaining refrigeration on evaporator 

5 whether valve 45 is open or closed. Another 
means of defrosting is diagrammatically shown 
in Figure 4 utilizing a three way manual valve 
72 in the line 43 from the evaporator 5 in one 
position feeding refrigerant through the re 
strictor 7 to the ice freezing evaporator T, and 
in another position feeding direct to the suction 
line 36. In the second position there is no re 
frigerant flow through the evaporator T and de 
frosting will occur. -- 

It will be understood that when refrigerant 
is flowing through the evaporator f 5, no refrig 
erant is flowing through the evaporator of the 
lower or colder compartment C. When the sole 
noid valve 38 is set to deliver refrigerant through 
tube 9 and restrictor 4 to the low temperature 
evaporator 29, the refrigerant returns to the suc 
tion tube 36 through the tube 48. 49 is any suit 
able check valve in the pipe 48, adapted to pre 
vent gas in the suction line from entering and 
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4. r 
condensing in evaporator 2 when that evapo 
rator is not being supplied with refrigerant. 
The electrical circuits are as follows: 
Current supply is through leads SO and S. 

Lead runs to contact in the switch is and 
the contacts and in the switch S3. When 
either switch is closed, current flows to the con 
tact in the switch is or the contact S4 in the 
switch 8, thence through the lead 52 to the 
motor and to the return lead SO, causing the 
motor to run when either or both switches are 
closed. 
When the switch 3 closes, the second con 

tacts also close, current flowing to the contact US 
through the lead to the solenoid of the valve 

, returning through the lead 7 to the return 
lead . Thus the solenoid-operated three way 
valve is made to deliver refrigerant to the 
evaporator f when the switch 53 is closed, and 
to the evaporator 2 when the switch S3 is open. 

Both switches are operated thermally, with 
heat sensitive bulbs located in their respective 
compartments. In the operation of the device, 
with compartments B and C both warm, and 
calling for refrigeration, the switches S3 and BS 
will both be closed. The solenoid of the valve 
will be energized and it will deliver refrigerant 
along the pipe 40, through the restrictor 42, to 
the evaporator of the upper or warmer com 
partment B. When the compartment B is 
cooled to the desired temperature, the double 
pole Switch 5 opens. The result is to alter the 
direction of flow from the solenoid valve and to 
cause refrigerant to flow through the tube Sg 
and restrictor to the evaporator 2 in the low 
temperature compartment C. The motor 3. 
continues to run because switch 5 is still closed. 
Operation continues until the lower compart 
ment C is at the desired temperature, or until 
the upper compartment B again calls for re 
frigeration and closes the switch 3. Thus it 
will be clear that the upper compartment B is 
always refrigerated when the switch S3 is closed. 
That is to say, the bulb E2 in the upper Compart 
ment, through the bellows B, or some equivalent 
heat responsive means, can always control the 
three way solenoid valve 38 to insure that, when 
ever refrigeration is called for by a rise in ten 
perature in the compartment B, the refrigerant 
is thereupon delivered to the evaporators of 
the upper compartment for evaporation. But 
should the flow of refrigerant to the lower evapost 
Fator be interrupted by demand for refrigera 
tion for the upper compartment B, it will be 
resumed at Once when the temperature in the 
upper compartment is sufficiently lowered to 
open the switch 53. When neither Compart 
ent calls for refrigeration, the switchess and 
are both open, in response to action Of the 

bulbs 2 and , and the circuit through the 
notor. is broken, and no refrigerants de 

livered, 
The advantages of the above described arrange 

ment are many. The single refrigerating mech 
anism, with a single compressor and condenser, 
always operates at maximum suction pressure for 
either the high temperature or the lower temper 
ature evaporator, whichever is in circuit, and op 
erates at maximum output. The critical food 
compartment temperature is closely controlled. 
The evaporator coils can be of smaller tubing, 
because they operate independently, and not in 
Series. A single refrigeration condensing unit 
delivers refrigerant selectively to one or the other 
evaporator, but never to both at the same time, 
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In effect the two refrigerant condensing units 
shown in the co-pending application Ser. No. 
583,924 are replaced by the solenoid valve 38, the 
expansion valve 35. and receiver 33, and a single 
pump or compressor having a somewhat greater. 
capacity than that of either of the two compres 
sors of the dual pump system. 
The manual shut of valve 45 in the evapora 

tor tray coil f is placed at the front for easy 
access. The relief valve 4 serves as a bypass 
to let refrigerant gas from the evaporator pass 
directly to the suction pipe 36 when the manual 
shut of valve 45 is closed. The valve 4 may have 
a spring so adjusted that it is tightly shut when 
the valve 45 is open. 
To defrost, the valve 45 is closed and is re 

opened when the evaporator it is clear of ice. If 
forgotten, the only effect is that water will not 
be frozen by the evaporator T. Refrigeration to 
the food compartment continues, even though the 
valve 45 is carelessly left shut. 
Whereas the evaporator is shown in Series 

through the restrictor 7 with the evaporator 5 
of the warm compartment Bit may, if desired, be 
included instead in the low temperature circuit, 
in series with the evaporator 29 and without the 
restrictor 7. Defrosting procedure is the same, 
and refrigeration to compartment C continues 
even though the valve 45 is carelessly left shut. 

It will be realized that, whereas, a practical 
and operative device is described and illustrated, 
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nevertheless many changes may be made in the 
size, shape, number and disposition of parts with 
out departing from the spirit of the invention. 
Therefore the description and drawings are to be 
taken as illustrative or diagrammatic, rather than 
as limited to the precise showing. 
The use and operation of the invention are as 

follows: 
The requirements of a refrigerator having two 

compartments, one held at Say 40 degrees F and 
the other at say from 0 to 19 degrees F. are that 
control of temperature in the warm compartment 
must be close, whereas a wider temperature fluc 
tuation of the colder compartment is permissible. 
It is of primary importance to keep the refrigera 
tion demand of the upper compartment B Satiss 
fied. In the present system each compartment 
is provided with heat responsive means for caus 
ing a flow of refrigerant to its evaporator, when 
the temperature in the compartment reaches a 
predetermined maximum. The present system is 
intended to insure that the call for refrigeration 
of the warmer compartment B takes precedence 
Over the call for refrigeration of the colder corn 
partment C. 
We claim: 
1. In a household refrigerator, a condensing 

unit, an evaporator in fluid circuit therewith, a 
storage compartment in which said evaporator is 
positioned, a second evaporator, in series with said 
first mentioned evaporator, adapted for ice cube 
freezing, a restricted passage between said evap 
orators, a shut of valve for Said second evapo 
rator adapted, when closed, to prevent the flow 
of refrigerant through Said Second evaporator, 
and bypass means adapted to permit a return flow 
of refrigerant from said first mentioned evapo 
rator to said condensing unit when said shut of 
valve is closed. 

2. In a household refrigerator, a storage con 
partment, a condensing unit, a space cooling evap 
orator in said storage compartment, in fluid cir 
cuit with said condensing unit, constructed and 
arranged to maintain an above freezing terraper 
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ature in said storage compartment, a second 
evaporator in said compartment, constructed and 
arranged to maintain a temperature sufficiently 
low for ice cube freezing, a shut of valve for said 
second evaporator, adapted, when closed, to pre 
vent the flow of refrigerant through said second 
evaporator, and to cause its defrosting, and means 
for maintaining said space cooling evaporator 
in fluid circuit relationship with said condensing 
unit during the closure of said shut of valve. 

3. In a household refrigerator, an insulated 
compartment, an expansion coil adapted to cool 
said compartment, means for circulating a Volas 
tile refrigerant through said coil, including a 
condensing unit in circuit therewith, a restrictor 
adapted to reduce the pressure of the refrigerant 
from said coil, a second expansion coll in series 
with the first coil and with the condensing unit, 
adapted for the freezing of cubes of ice, a shut of 
wave for said second expansion coil, adapted to 
prevent flow of refrigerant through said coll, and 
a normally closed bypass relief valve adapted to 
permit refrigerant to flow from the first coil back 
to the condensing unit when said shut of valve is 
closed. 

4. In a household refrigerator, an insulated 
compartment, an expansion coil adapted to cool 
said compartment, means for circulating a vola 
tile refrigerant through said coil, including a con 
densing unit in circuit therewith, a restrictor 
adapted to reduce the pressure of the refrigerant 
supplied to said coil, a second expansion coil, in 
series with the first coil and with the condensing 
unit, adapted for the freezing of cubes of ice, a 
restrictor for said second coil, a shut off valve for 
said second expansion coil, adapted to prevent 
flow of refrigerant through Said coll, and a nor 
mally closed bypass relief valve adapted to permit 
refrigerant to flow from the first coil back to the 
condensing unit when Said shut of valve is closed. 

5. In a household refrigerator, an insulated 
compartment, an expansion coil adapted to cool 
said compartment, means for circulating a 
volatile refrigerant through said coil, including 
a condensing unit in circuit therewith, a restrictor 
adapted to reduce the pressure of the refrigerant 
supplied to said coil, a second expansion coil, 
in series with the first coil and with the con 
densing unit, adapted for the freezing of CubeS 
of ice, a restrictor between said coils, adapted 
to reduce the pressure supplied to Said Second 
coil, and means for causing defrosting said second 
coil comprising a three way manual valve and 
connections therefor, adapted when in one posi 
tion to deliver refrigerant from the first coil 
through said last mentioned restrictor and said 
second coil and thence back to the Condensing 
unit, and adapted when in another position to 
deliver refrigerant from the first coil directly 
back to the condensing unit. 

6. In a household refrigerator, an insulated 
compartment, a space cooling evaporator posi 
tioned in said compartment and constructed 
and arranged to maintain a temperature of 
above freezing in said compartment, a second 
evaporator in said compartment, adapted to 
freeze ice, a restricted refrigerant connecting 
tube between said two evaporators, a refrigerant 
condensing unit and connections therefor, 
adapted to deliver liquid refrigerant to the space 
cooling evaporator and to withdraw gaseous re 
frigerant from the freezing evaporator, and 
means effective during normal circulation of re 
frigerant through said space cooling evaporator, 
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for bypassing the refrigerant about said freeing 
evaporator. . 

7. In a refrigerator system, a pair of insulated 
compartments adapted to be cooled to different 
temperatures, a separate evaporator for each 
compartment, constructed and arranged to cool 
said compartments to their desired temperatures, 
a single condensing unit in circuit with said 
evaporators, a motor therefor, an expansion valve 
in said circuit, a three way solenoid valve in 
said circuit, beyond said expansion valve, adapted 
to deliver refrigerant selectively to one or the 
other of said evaporators, in response to the 
energization or de-energization of said solenoid 
valve, a thermal switch responsive to temperature 
in the warmer compartment, said switch having 
two sets of contacts, one set adapted and con 
nected to energize the solenoid valve and the 
other adapted and connected to energize said 
motor, and a second thermal switch, responsive 
to the temperature of the colder compartment, 
said switch including a single set of contacts 
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adapted and connected, when closed, to energize 
said notor. 

8. In a refrigerator system, a pair of insulated 
compartments adapted to be cooled to diferent 
temperatures, a separate evaporator for each 
compartment, constructed and arranged to cool 
said compartments to their desired temperatures, 
a single condensing unit in circuit with said evap 
orators, a motor therefor, a three way solenoid 
valve in said circuit, adapted to deliver refrigerant 
selectively to one or the other of said evaporators, 
in response to the energization or de-energization 
of said solenoid valve, a thermal switch responsive 
to temperature in the warmer compartment, 
said switch having two sets of contacts, one 
set adapted and connected to energize the sole 
noid valve and the other adapted and connected 
to energize said motor, and a second thermal. 
switch, responsive to the temperature of the 
colder compartment, said switch including a 
single set of contacts adapted and connected, 
when closed, to energize said motor. 

9. In a refrigerator system, a pair of insulated 
compartments adapted to be cooled to different 
temperatures, an evaporator for each said con 
partment, a condensing unit in circuit with 
said evaporators and motor therefdr, a three 
way solenoid valve in said circuit, said circuit 
including fluid lines extending from said three 
way valve to the evaporator of each said com 
partment, restrictors in each said line, switch 
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means adapted to control said oenold valve 
in response to temperature conditions in the 
warmer of said compartments, whereby re 
frigerant is fed to the evaporator of the Warner 
compartment whenever the temperature of said 
compartment rises above a predetermined mini 
mum, and means effective to cause refrigerant 
to he fed to the evaporator of the colder corn 
partment, whenever the temperature of said 
colder compartment exceeds a predetermined 
minimum at a time that refrigerant is not being 
fed to the warmer compartment. 

10. In a refrigerator system, two expansion 
coils, an expansion valve, a three way solenoid 
valve, and means for feeding a refrigerant from 
said expansion valve through said three way 
valve selectively to said expansion coils, include 
ing switching means adapted to energize or de 
energize the solenoid valve, and restrictor tube 
means adapted to maintain such a pressure on 
the delivery parts of the three way valve as to 
maintain solid liquid through said valve. 

11. In a household refrigerator, a refrigerant 
condensing unit, a storage compartment, a space 
cooling evaporator, in fluid circuit with said 
condensing unit, arranged to maintain an above 
freezing temperature in said storage compart 
ment, a second evaporator in said storage Com 
partment, constructed and - arranged to mains 
tain a temperature sufficiently low for ice cube 
freezing, and means including a valve element 
selectively movable to one position to permit 
the flow of refrigerant through the second evap 
orator or to a second position to cause defrosting 
of the second evaporator by completely stopping 
the flow of liquid and gaseous refrigerant there 
through. 

PAU, D. WAN W. 
BART.C. J. HOXCs. 
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