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UNITED STATES PATENT OFFICE 
2,482,569 

TWO-TEMPERATURE REFRIGERATING 
SYSTEM 

Elmer W. Zearfoss, Jr., Philadelphia, Pa., assign 
or, by mesne assignments, to Philco Corpora 
tion, Philadelphia, Pa., a corporation of Penn sylvania 

Application February 28, 1945, Serial No. 580,108 
(C. 62-115) 12 Claims. 

1. 
The present invention relates to refrigeration 

and particularly to multi-temperature refriger 
ating Systems. More especially, the invention is 
Concerned with so-called two-temperature re 
frigerating systems and specifically pertains to 
an improved method and arrangement for ob 
taining two different refrigerating temperatures 
with a System including a single compressor and 
two separate evaporators which are respectively 
adapted to maintain two separate zones or 
isolated compartments at the different tempera 
tures. 

It is common knowledge in the art that, if an 
evaporator is capable of handling its refrigeration 
load, the temperature of the associated refriger 
ated Zone or compartment will depend largely 
on the amount of evaporating refrigerant pres 
ent within the evaporator and on the evaporat 
ing pressure. Therefore, if two or more evapo 
rators included in one and the same system, are 
caused to operate at different pressures and are 
provided with an adequate Supply of refrigerant, 
Separate zones or isolated compartments with 
which the said evaporators are respectively as 
Sociated may be effectively refrigerated and kept 
at different temperatures. 
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In the so-called two-temperature system in 
cluding a single compressor and two separate 
evaporators (generally referred to as the low tem 
perature evaporator and the high temperature 
evaporator, respectively), it has been proposed to 
utilize automatic temperature or pressure respon 
sive means for controlling the flow of refriger 
ant through the system in accordance with rises, 
beyond pre-set limits, in the temperature or pres 
sure of either or both of said evaporators. How 
ever, in such automatically controlled two-tem 
perature System, one evaporator is given ab 
solute preference over the other evaporator with 
the result that should the evaporator which has 
reference be under an unusually heavy load, the 

other evaporator may, in effect, be shut down for 
possibly dangerously long periods of time, because 
then the flow of refrigerant through the latter 
will be interrupted until the preferred evaporator 
is fully satisfied. 
Attempts have been made to rectify this ob 

jectionable result by using either Solenoid or 
pressure actuated valve mechanism controlled 
through temperature responsive means, such 
inlechanisms functioning to transfer refrigerant 
from the evaporator which under normal condi 
tions has preference, to the other evaporator 
when the temperature of the latter rises to an 
abnormally high value. 
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The use of refrigeration control mechanisms of 

the kind above mentioned, not Only complicates 
the system, but moreover introduces a number 
of critically related devices which in themselves 
are of a complicated nature, so that the proper 
function of the system no longer depends upon 
simple conditions within the system itself but 
must rely upon the accurate operation of each 
and every one of such devices. 

It is an object of this invention to provide a 
System which is capable of affording two differ 
ent refrigerating temperatures with two separate 
evaporators in circuit with a single compression 
chamber, and which is capable of keeping each 
cvaporator within its desired temperature range 
without giving undue preference to either evapo 
rator and without using complicated arrange 
ments of intricate control devices. 

It is also an object of the invention to provide 
a refrigerating system including two separate 
evaporators in circuit with a single compression 
chamber wherein the evaporators are operated 
respectively at different temperatures by con 
trolling the flow of refrigerant directly in ac 
cordance with predetermined departures from 
an established state of balance between the suc 
tion pressure of one evaporator and the suction 
pressure of the other evaporator. 
Another object of the invention is to provide 

a refrigerating system including a relatively low 
temperature evaporator and a relatively high 
temperature evaporator in circuit with a single 
Compression chamber wherein said evaporators 
are maintained within their respective selected 
temperature ranges directly by conditions within 
the System itself. 
Another object of the invention is to provide 

a two-temperature refrigerating system employ 
ing two evaporators operating at different pres 
Sures together with associated means for estab 
lishing an artificial balance between the evapo 
rator pressures, said means being responsive to 
departures from said established pressure bal 
ance and Operating to maintain the evaporators 
at their respective pressures and to thereby main 
tain the desired temperature range at which each 
evaporator is to function. 

Still another and more specific object of the 
invention is to provide improved control means 
for a refrigerating system employing a plurality 
of evaporators adapted for operation at different 
Suction pressures to refrigerate Separate Zones 
or isolated compartments at different tempera 
tures, said control means functioning to estab 

55 lish a balance between such suction pressures and 
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being acted upon directly by predetermined de 
partures from such established balance resulting 
from changes in the Suction pressures in any or 
all of the evaporators, whereby flow of refriger 
ant through each evaporator is controlled in a 
manner to maintain the evaporator suction pres 
sures within a given differential range and there 
by tend to maintain a definite temperature differ 
ence between the evaporators. 
Other objects and advantages of the invention 

will appear from the following description based 
upon the accompanying drawings in which: 

Fig. 1 is a transverse vertical sectional view of 
a hermetic motor-compressor unit and control 
device incorporating the features of the inven 
tion and illustrating one embodiment of the im 
proved two-temperature refrigeration system; 

Fig. 2 is a semi-diagrammatic representation 
showing a slightly modified embodiment of the 
System. 
As illustrated in the drawings, the refrigerat 

ing system contains at least two evaporators 5 and 
6 respectively disposed within separate zones or 
isolated compartments and 8 which are to be 
refrigerated and maintained at different tem 
peratures. 
The evaporators 5 and 6 are in circuit with a 

condensing unit which includes a motor-com 
pressor 9 and a condenser O. The motor-com -. 
pressor 9 is of the type having a single compres 
sion chamber which is defined by a cylinder 2 
and is provided with the usual reciprocating pis 
ton f3, intake port 4 and exhaust, port 5. The 
condenser 0 is connected, in the customary man 
ner, for instance by means of a conduit 7, with a 
liquid receiver tank 8 adapted for the storage of 
condensed refrigerant, Liquid refrigerant from 
the tank 8 is supplied to the evaporators 5 and 6 
through liquid line 9, refrigerant flow regulators 
20 and 2, Such as expansion or other suitable 
valves, being respectively associated with the 
evaporators to control the admission of liquid 
refrigerant therein. Refrigerant evaporated in 
the evaporators 5 and 6 is withdrawn therefrom 
through Suction lines 22 and 23 respectively, at 
the proper rate to maintain the desired suction 
pressure within each evaporator. 

In the arrangements shown in the drawings, the 
evaporator 5 is to cool its aSSociated zone or comi 
partment 7 at temperatures lower than those at 
which the evaporator 6 cools its associated zone 
or compartment 8. Therefore, in accordance with 
the accepted practice in the art, the evaporator 5 
may be called the low temperature evaporator, 
and the evaporator 6 may be called the high tem 
perature evaporator. 

It is well understood in the art, that the ability 
of an evaporator to cool a zone or compartment 
to a certain temperature, is determined primarily 
by the Suction pressure maintained in the evapo 
rator and that the lower the suction pressure, 
the lower the temperature at which a zone or 
compartment may be cooled by the evaporator. 
Accordingly, if the evaporators 5 and 6 contained 
in the System shown in the drawings, are to cool 
their respective zones or compartments 7 and 8 
to different temperatures, it is imperative that 
said evaporators be maintained at different suc 
tion pressures. 
In accordance with the present invention, this 

is accomplished by controlling the communica 
tion between the evaporators 5 and 6 and the com 
pression chamber f, directly as a result of pre 
determined departures in an established condi 
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evaporators. With this mode of control, it is 
possible to maintain a continuous differential 
Within a given range between the pressures in the 
two evaporators so that, during operation of the 
System, and although both evaporators are in 
circuit With one and the same compression cham 
ber, the Supply of refrigerant to either evaporator 
at the expense of the other can continue only to 
the limit of the said range at which point the flow 
of the refrigerant through the one evaporator will 
be automatically interrupted and flow through the 
other initiated, this automatic periodic shift from 
One evaporator to the other continuing until both 
have been satisfied. 
Control of the communication between the com 

pression chamber and the said evaporators, is 
effectively accomplished by means of a single 
preSSure responsive device, designated generally 
by the reference character 24 and included within 
the refrigerant circuit at a point intermediate the 
compression chamber and the evaporators in the 
manner to be presently described. 
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The System shown in Fig. 1 is capable of sub 
jecting the evaporated refrigerant withdrawn 
from the low temperature evaporator to two-stage 
compression. So that said evaporator may be op 
erated effectively within a sub-zero temperature 
range. In this particular embodiment of the 
invention the pressure responsive device 24 pref 
erably takes the form of a multiple valve mecha 
nism comprising a valve casing 25 and a pair of 
Spaced interconnected valve members 26 and 27, 
respectively mounted for axial movement within 
and longitudinal of said valve casing. Formed 
Within the walls of the valve casing 25 and 
adapted to accommodate the valve members 26 
and 27, are relatively Spaced co-axial recesses 28 
and 29 each having oppositely disposed valve seats 
30 and 3. In mounting the valve members 26 
and 27 in the manner stated, three distinct non 
communicating Spaces 32, 33 and 34 are provided 
within the valve casing 25. 
The respective valve members are adapted to 

Seat selectively on the valve seats 30 or 3, and 
it is to be noted that said members seat simul 
taneously on their respective valve seats 30 and 
Simultaneously also on their respective valve seats 
3f. For that purpose, the valve members 26 and 
27, as shown, are preferably connected rigidly by 
means of a rod 35 so that they move as a unit 
between the respective seats. 
With reference to Fig. 1 of the drawings, it is 

pointed out that when the valve members 26 and 
27 are Seated on their respective seats 30 that is 
in the lower position as shown in full lines, a cas 
ing port 36, connected with the suction line 22 of 
the low temperature evaporator 5, is in commu 
nication with a port 37 which is connected 
through a conduit 38 with the intake port 4 of 
the compression chamber f ; and a casing port 39, 
connected with a conduit 40 leading from the 
exhaust port 5 of said chamber , is in com 
munication with a port 4 which is connected 
through a conduit 42 opening into a hermetically 
Sealed space 43. This space 43 is defined by a 
housing 44 which preferably is the motor-com 
preSSOr housing into which also opens the suction 
line 23 of the high temperature evaporator 6. 
The opening of Said suction line 23, however, is 
controlled by means of a suitable check valve 45 
adapted to prevent the flow of gaseous refrigerant 
from the Space 43 into said evaporator 6. 

Referring again to the showing of Fig. 1, it 
will be noted that when the valve members 26 and 

tion of balance between the pressures in the two is 27 are seated on their respective seats 3, that is, 
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in the upper position as indicated in broken 
lines, the port 37 is in communication with port 
4, and port 39 communicates with a port 46 
which is connected through a conduit 47 with the 
refrigerant condenser O. 
The system including the control valve device 

24 is a closed circuit, and it will be appreciated 
that a pressure differential may be maintained 
on opposite sides of the valve members 26 and 27. 
In this connection, it, is pointed out that, in 
practice, the relative size or surface area ratio 
of the valve members 26 and 27 is such that under 
the prevailing pressures only the larger member, 
which in the embodiment shown in Fig. 1 is the 
member 26 controlling the communication be 
tween port 37 and either port 36 or port 4, is 
capable of actuating the valve structure; the 
forces exerted by the Smaller member, which in 
the embodiment shown is the member 27 con 
trolling the communication between port 39 and 
either port 4 or 46, being to all intents and pur 
poses negligible. Because of this feature the 
valve member 26 may be termed the driving valve 
member. 
In the circuit arrangement illustrated in Fig. 

1, three distinct pressures are present, that is a 
high pressure which exists in the space 32 below 
the valve member 27, in the condenser to, liquid 
receiver tank 8 and liquid line f9 up to the 
regulators 20 and 2; a low pressure which exists 
in the low temperature evaporator 5, suction line 
22 and space 34 above the valve member 26; and, 
an interstage pressure which exists in the high 
temperature evaporator 6, suction line 23, her 
metically sealed-space 43 and the space 33 be 
tween said valve members. Low or interstage 
pressure exists in the conduit 38, and interstage 
or high pressure exists in conduit 40, depending 
upon whether the valve members are seated in 
lower or upper position. From the foregoing, it 
will be understood that, nqrmally, a definite 
pressure differential exists on the opposite sides 
of the driving valve member 26, the interstage 
pressure acting on the underside of the said valve 
member being greater than the low pressure act 
ing on the upper side of Said member. 
In accordance with the present invention, 

these pressures are in effect equalized or 
balanced, and for that purpose suitable Supple 
mental pressure developing means is provided, 
in the form in the present instance of a coil 
spring 49 arranged to act upon the upper side of 
the valve member 26. The spring 39 is adapted 
to establish an artificial pressure balance be 
tween the two evaporator pressures and, for that 
reason, the spring is so constructed that its 
pressure combined with the low pressure at a 
desired minimum value on the upper side of the 
driving valve member 26, will balance the inter 
stage pressure at a desired minimum value on 
the underside of said valve member 26. More 
over, the spring 49 is constructed to have an ex 
ceedingly low 'spring rate,' so that its pressure 
on the valve member is not materially changed 
by movement of said valve member between its 
upper or lower positions. 

Also, in accordance with the present inven 
tion, a means 50 is provided which is capable of 
resisting, within predetermined limits, a change 
in pressure on either the under side or the upper 
Side of the driving valve member, Such means 
thus providing for a predetermined pressure dif 
ferential at which the valve is to operate in con 
trolling the flow of refrigerant through the 
system. As shown in Fig. 1, this pressure re 
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sisting means 50 may be in the form of spring 
pressed ball detents of the type represented at 
5, mounted for engagement with either the 
upper or lower side edge portion of the valve 
member 26 depending upon whether said mem 
ber is in the lower or upper position. With a 
device of this sort, it will be apparent that the 
pressure on either side of the valve member 26 
must vary from the aforedescribed balance 
established between the evaporator pressures, to 
an extent sufficient to overcome the resistance 
of Such device before the valve can move from 
One to the other of its positions. 

In order that the control device. 24 and its 
mode of operation may be more clearly under 
stood, the following specific example is given: 
Assuming that the system is charged with 

“Freon-12' and it is desired to operate the 
evaporator 5 at say -5 F. and the evaporator 6 
at say --20 F. Then, according to published 
temperature-pressure measurement tables, the 
pressure in evaporator 5 should be approximately 
7 lbs. per Sq. in... gage, and the pressure in 
evaporator 6 should approximate 2 lbs. per sq. 
in... gage. Thus a pressure differential of approxi 
mately 14 lbs. should exist between the two 
evaporators. 

In accordance with the present invention, 
therefore, the spring 49 would be constructed to 
develop a force equal to this 14 lbs. differential, 
So that when the system is stabilized with the 
evaporator 5 at -5° F. and the evaporator 6 at 
--20 F., the pressures on the opposite faces of 
the driving valve member 26 tending to displace 

5 said member will be balanced. It now becomes 
clear that by using supplemental pressure means, 
Such as spring 49, on the low pressure side of said 
valve member 26, slight variations from the 
balanced pressures due to temperature-pressure 
changes in either or both of the evaporators will 
be reflected on the valve and will tend to actu 
ate the same. The extent of departure from the 
balance of pressures which is required to actuate 
the valve is determined by the pressure resist 
ing means 50. For instance, if the spring pressed 
ball mechanisms 5 are constructed to resist un 
balanced pressures of less than 2 lbs. upon the 
valve, then movement of the valve from one to 
the other of its positions will not take place un 
less there exists a differential of at least 2 lbs. 
between the pressures acting on the opposite 
sides of the valve member 26. Under these con 
ditions, in other words, when the valve is in the 
lower position, it will be moved to the upper posi 
tion only if the pressure below the driving valve 
member 26 reaches a value of at least 2 lbs. more 
than the value of the pressure above said mem 
ber; and conversely, when the valve is in the 
upper position, it will be moved to the lower 
position only if the pressure above the driving 
valve member attains a value of at least 2 lbs. 
more than the value of the pressure below said 
member. 
Because the control device 24 operates in the 

manner explained above, refrigeration will take 
place in that evaporator which, at the moment, 
demands it the most; that is, evaporated re 
frigerant will be withdrawn from the evaporator 
wherein the increased pressure has acted on the 
driving valve member 26 to move the same into 
that position which establishes communication 
between the said evaporator and the compression 
chamber. 

Referring to Fig. 1, it will be seen that move 
ment of the valve into lower position establishes 
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communication between the low temperature 
evaporator 5 and the compression chamber 
through suction line 22, valve space 34 and Con 
duit 38, and that movement of the valve into 
upper position establishes communication be 
tween the high temperature evaporator 6 and 
said compressing chamber through Suction line 
23, hermetically sealed space 43, conduit 42, valve 
space 33 and conduit 38. 
As hereinbefore stated, the system as illus 

trated in Fig. 1 is capable of producing two-stage 
compression in addition to maintaining the evap 
orators 5 and 6 at different temperature-pressure 
values. This is accomplished in the following 
are: 
Let it be assumed that at the initiation of or 

during an “on-cycle' the condition within the 
system is such that the interstage pressure with 
in the high temperature evaporator 6 and there 
fore within the space 43, as well as in the valve 
space 33, has been reduced to the desired mini 
mum valve, and that the pressure within the low 
temperature evaporator and consequently in the 
valve space 34 has increased Sufficiently to un 
balance the pressure on the driving valve men 
ber 26 to an extent such that the valve is moved 
to the lower position, that is, to the position shown 
in full lines. The flow of refrigerant then foll 
lows the course indicated by the Solid arrows in 
Fig. 1, that is, low pressure gaseous refrigerant 
from the evaporator 5 is admitted to the com 
pressing chamber f through the Suction line 22, 
port 36, valve space 34, port 37, conduit 42 and 
inlet port 4, and is discharged at increased first 
stage pressure into the hermetically sealed space 
43 through exhaust port 5, conduit 40, port 39, 
valve space 33, port 4 and conduit 42. Discharge 
of gaseous refrigerant at increased first-stage 
pressure into the hermetically sealed space 3, 
will of course raise the value of the interstage 
pressure in said space, but because of the check 
valve 45 which will close under the pressure rise, 
the flow of such gaseous refrigerant into the high 
temperature evaporator is prevented so that the 
condition existing in Said evaporator is not af 
fected. 
Withdrawal of gaseous refrigerant from the 

low temperature evaporator 5 reduces the pres 
sure therein and therefore tends to maintain said 
evaporator at its desired temperature. However 
continued pumping of the refrigerant at in 
creased first-stage pressure into the hermetically 
sealed space 43 causes the pressure therein to 
gradually increase until it reaches a value Suf 
ficiently high to overcome the pressure on the 
upper side of the driving valve member 26, at 
which point the valve unit is caused to move to 
the upper position, that is, the position shown 
in broken lines. When this occurs, the flow of 
refrigerant then follows the course indicated by 
the broken arrows, that is, gaseous refrigerant at 
interstage pressure is permitted to flow into the 
compressing chamber i? through conduit 42, 
port 4, valve space 33, port 37, conduit 38 and 
intake port f4, and is discharged at condensing 
high or second-stage pressure into the condenser 
to through exhaust port 5, conduit 40, port 39, 
valve space 32, port 46 and conduit 47. The high 
pressure gaseous refrigerant gives up its heat in 
the condenser and condenses therein to return, 
in a liquified state, into the receiver tank 8 
whence the liquid refrigerant is supplied to the 
evaporators 5 and 6 in properly metered quanti 
ties through flow regulator 20 and 2. 

If at any time during second-stage operation 
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8 
of the system, the temperature-pressure value in 
this high temperature evaporator 6, rises to a 
point above interstage pressure in the hermeti 
cally Sealed space 43, then the check valve 45 
will open, allowing the escape of gaseous refriger 
ant from said evaporator into said space to be 
withdrawn therefrom together with the gaseous 
refrigerant already therein. In this manner, the 
pressure in the high temperature evaporator 6 is 
reduced with the resulting tendency to main 
tain said evaporator at its desired temperature. 
The second-stage operation of the system con 

tinues until the pressure on the upper side of the 
driving valve member 26 attains a value suff 
cient to again move the valve to the lower posi 
tion thereby initiating another first-stage op 
eration. This repeated switching from first-stage 
to Second-stage operation and from second-stage 
to first-stage operation takes place until the sys 
ten becomes stabilized with both evaporators at 
the desired lowest temperature-pressure value 
When the end of an "on-cycle' is reached. 
From the foregoing description, it will be 

understood that while the system operates to 
maintain the evaporators respectively at their de 
sired temperature levels, it does so without unduly 
impeding the performance of either evaporator 
Since neither is completely shut down until the 
other is fully satisfied, but rather the evapora 
tors are alternately subjected to refrigeration de 
pending upon existing conditions within the sys 
ten itself. Moreover because the system as 
shown in Fig. 1 is capable of producing two-stage 
compression, it is possible to operate and main 
tain the low temperature evaporator at tempera 
ture ranges much lower than would otherwise be 
practical with a compressing unit of equal dis placement. 

If it is not necessary or desired to operate and 
maintain the low temperature evaporators within 
Such low temperature ranges, the embodiment 
of the System diagrammatically shown in Fig. 2 
may be used. For all intents and purposes, this 
embodiment is substantially the same in con 
Struction and operation as that shown in Fig. 1, 
With the exception that it does not include the 
two-stage compression feature and therefore the 
preSSure responsive device 24 is constructed and 
arranged in the refrigerant circuit to control 
only the flow from the evaporators 5 and 6 to 
the compression chamber f and not to control 

flow from Said chamber to the condenser 

With particular reference to Fig. 2, it will be 
5 noted that the pressure responsive device 24 com 

prises a valve mechanism including a valve cas 
ing 25a and a valve member 26a. This valve 
member is mounted for axial movement within 
and longitudinally of said valve casing which, 
for that purpose, is provided with a recess 27 a 
defined by a pair of oppositely disposed valve 
Seats 30a and 3a. As shown, these seats are lo 
cated So that the space 27a has a height greater 
than twice the thickness of the valve member 26a. 
which makes it possible for a part 37a, opening 
into Said Space at an intermediate point, to re 
main unobstructed whether the valve member 
26a is in Seated position on the seat 30a or on the 
Seat 3d. Moreover the seats 30a and 3a are 
disposed intermediately of the valve casing so 
that a space 33a is provided below the valve seat 
30a and a space 34a is provided above the valve 
seat 3a, each of Said spaces 33a and 34a hav 
ing a port opening therein as indicated at 4 a. 
and 36a respectively. The port 37a opening into 
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the intermediate space 2a between the valve 
seats 30a and 3 a communicates with the inlet 
port 4 of the compression chamber if, for in 
stance, by means of a conduit 38a, whereas the 
port 38a opening into the upper space 34a is 
connected directly with the suction line 22, lead 
ing from the low temperature evaporator 5, and 
the port 4 fa opening into the lower space 33a 
is connected indirectly with the Suction line 23 
of the high temperature evaporator through a 
conduit 42a and a hermetrically Sealed Space 43a 
defined by a housing 44a which, as in Fig. 1, may 
be the motor-compressor housing. 

. . From the foregoing, it will be noted that when 
the valve member 26a is in lower position shown 
in full line, that is, when said member is seated 
on seat 30a, communication is established be 
tween the low temperature evaporator 5 and the 
compression chamber ; but when the valve 
member 28a is in upper position shown in broken 
line, that is when said member is seated on seat 
3a, communication is established between the 
high temperature evaporator 6 and said compres 
sion chamber . Therefore, since the pressure 
in the high temperature evaporator 6 is greater 
than the pressure in the low temperature evapo 
rator 5, the effective pressure on the underside 
of the valve member 26a is normally greater than 
the effective pressure on the upper side of said 
member. AS in the embodiment shown in Fig. 1, 
these pressures are equalized or balanced by 
means of supplemental pressure means 48a, such 
as a coil spring 49a, which is arranged to act in 
the same manner, as hereinbefore described in 
connection with spring 49 of the embodiment 
shown in Said Fig. 1. Also as in that embodiment, 
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preSSure resisting means 50a in the form of Spring . 
pressed ball detents 5ta, are provided to establish 
the predetermined pressure differential at which 
the valve member 26a is to move from one posi 
tion to another, said mechanisms being adapted 
to resist, within selected limits, a change in the 
pressure value on either the lower or upper side 
of said valve member. 
While the association of the Spring pressed 

ball devices 5 a with the valve member 26d as 
shown in Fig. 2, differs Somewhat from the emi 
bodiment shown in Fig. 1, it will be noted that 
the action is the Same in both instances. In 
Fig. 2, these devices are mounted for selective 
engagement either with a groove 52 or a groove 
53 respectively disposed in spaced Superimposed 
relation on a rod 54 Suitably carried by the valve 
member 26a for movement therewith. Thus, 
when valve member 26d. is in the lower position 
and the Spring pressed balls engage the groove 
52, the pressure on the underside of the valve 
member must reach a value great enough to 
overcome the pressure on the upper side of said 
member and the resistance imposed by said ball 
devices before the valve may move to the upper 
position. Likewise, when valve member 26a is 
in the lower position and the spring pressed 
mechanisms engage the groove 53, the pressure 
on the upper side of the valve member must at 
tain a value sufficient to overcome both the pres 
Sure on the underSide of Said member and the 
resistance of the ball devices before the valve 
may move to the lower position. 
The operation of the embodiment shown in 

Fig. 2 may be Summarized as follows: 
As shown, it is assumed that the system is 

operating on an "on-cycle' and that the pressure 
in the low temperature evaporator 5 has caused 
the valve member 26a to move to its lower posi 
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tion. Therefore the flow of refrigerant follows 
the course indicated by the solid arrows, that . 
is, gaseous refrigerant at the pressure existing 
in the low temperature evaporator 5 is admitted 
into the compression chamber through the 
suction line 22, port Sia, valve casing spaces 34a 
and 2.7a, port 37a, conduit a and intake port 
4, and is compressed in said chamber and 
discharged at condensing pressure through the 
exhaust port directly into the condenser 0, to 
be condensed therein and delivered, in liquified 
state, into the receiver tank 8 whence liquid 
refrigerant may be supplied through liquid line 
9 to the evaporators 5 and B in quantities con 
trolled by the liquid flow regulators 20 and 2. 
It will be understood that the pressure in the 
low temperature evaporator is thus reduced, 
thereby tending to maintain the desired tempera 
ture-pressure value in said evaporator. 

If during operation of the system, the pres 
sure in the high temperature evaporator should 
rise to a point sufficient to cause the valve mem 
ber 26a to move to its upper position shown in 
broken lines, then the flow of refrigerant foll 
lows the course indicated by the broken arrows, 
that is, gaseous refrigerant at the pressure exist 
ing in the high pressure evaporator 6 is admitted 
into the compression chamber f through the suc 
tion line 23, hermetically sealed space 43a, con 
duit 42a, port 4a, valve casing spaces. 33a and 
27a, port 37a, conduit 38a and intake port 4. 
The gaseous refrigerant thus admitted in the 
compressing chamber, is compressed, condensed 
and made available for the evaporators 5 and 6 in 
the same manner as above stated. The with 
drawal of gaseous refrigerant from the high tem 
perature evaporator reduces its pressure there 
by tending to maintain said evaporator at the 
desired temperature-pressure level. 
From the foregoing it will be apparent that in 

the system shown in Fig. 2, as in that appearing 
in Fig. 1, the valve member 26a is shifted back 
and forth from one position to the other in re 
sponse to predetermined departures from an es 
tablished balance in the pressure values on op 
posite sides of said member, and that such de 
partures are a direct result of changes in the 
desired temperature-pressure levels in the re 
spective low and high temperature evaporators. 
Accordingly, in the system shown in Fig. 2, as 
in the System shown in Fig. 1, neither evaporator 
has actual preference over the other, but re 
frigeration will occur alternately therein depend 
ing upon which evaporator demands the most 
refrigeration at any one moment during oper 
ation of the system. In this manner, each evap 
Orator may be adequately maintained at its re 
spective temperature level without detrimentally 
interferring with the operation of the other. Al 
ternative Switching from one evaporator to the 
other may continue throughout an entire 'on 
cycle' that is, until both evaporators are fully 
Satisfied when an "off-cycle' will take place. . 
The occurrences of 'on-cycles' and "off-cycles' 

65 in both embodiments of the system shown in Figs. 

70 

75 

and 2 respectively, may be governed by any of 
the well known cycling control devices associated 
directly with one or both of the evaporators 5 
and 6, or with one or both of the refrigerated 
Zones or compartments 7 and 8. By way of ex 
ample, there is shown in the drawings, a tempera 
ture type control device associated with the low 
temperature evaporator 5, such device operating 
from a thermostatic bulb 55 with a bellows or 
diaphragm 56 to actuate a switch 57 for open 
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ing and closing an electric circuit 58 adapted to 
supply current to the motor-compressor. Such 
a temperature controlling device, as well known 
in the art, will close the switch 57 thus starting 
the motor-compressor when the temperature 
reaches a predetermined high level, and will Open 
the switch thus stopping the motor-compressor 
when the temperature reaches a predetermined 
low level. 
With particular reference to Fig. 2, a check 

valve 45a is preferably provided at the point of 
communication between the suction line 23 and 
the herinetically sealed space i3a, to prevent 
gaseous refrigerant from entering the low temper 
ature evaporator 6, whenever the pressure in said 
space rises above the pressure in said evaporator. 
Since in both embodiments of the invention 

shown in the drawings, the low and high temper 
ature evaporators are adapted to communicate 
with one and the same compression chamber , 
it will be understood that the motor-compressor, 
at all times, will handle gas of a certain density 
and weight and, at other times, will handle gas of 
a different density and weight depending upon 
whether the compression chamber is in con 
munication with the evaporator 5 or the evapora 
tor 6. In accordance with the invention, provi 
sion is made for compensating this difference in 
gas density and weight so as to equalize the num 
ber of strokes required for and the amount of 
work performed in each phase of Operation. As 
shown in the drawings, this is accomplished by 
providing a port 60 in the wall of the compres 
sor cylinder 2 at a point intermediate the ends 
of the compression chamber to establish a 
communicating connection between the compres 
sion chamber and the hermetically Sealed Space 
43 (Fig. 1), or 43a (Fig. 2), the connection includ 
ing a casing 6, a tube 62, and a valve 63 which 
controls the passage of gaseous refrigerant 
through said port into said space in the manner 
now to be described. 
When gaseous refrigerant at the pressure ex 

isting in the low temperature evaporator 5 is ad 
mitted into and compressed within the compres 
sion chamber , the valve 63 remains closed be 
cause then the pressure in said chamber is always 
lower than the pressure in the casing 6 which is 
in communication, through the tube 62, with the 
hermetically sealed space wherein exists a pres 
sure at least equal to the pressure of the high 
temperature evaporator 6. When gaseous refrig 
erant at the pressure existing in the high tem 
perature evaporator 6 is admitted into the com 
pression chamber , the valve 63 still remains 
closed because then the pressure on both sides 
of this valve is equal, but the valve 63 opens as the 
compression stroke of piston f3 begins due to the 
increased pressure in said chamber. In this man 
ner a portion of the heavier gaseous refrigerant 
admitted in the compression chamber may be 
bled back into the hermetically sealed space to 
be re-expanded therein. Movement of the piston 
over the part of the compression stroke which re 
mains after the port 60 is covered, effects nor 
mal compression of the heavier gas. By locating 
the port 60 so that a part of the heavier gaseous 
refrigerant is bled away as described above, the 
weight of the refrigerant handled during com 
pression of gaseous refrigerant from either the 
low or high, temperature evaporator may be sub 
stantially balanced and therefore, the work done 
per stroke and the number of strokes required for 
proper compression substantially equalized. 

It will be understood that the invention is not 
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12 
limited to the specific embodiments herein shown 
and described, and that such embodiments are 
subject to modification within the scope of the 
appended claims. 
I claim: 
i. In a refrigerating system including a con 

pressor, a condenser, a high temperature evapo 
rator, and a low temperature evaporator, an 
hermetically sealed chamber connected between 
the high temperature evaporator and the Com 
pressor, a check valve permitting flow of fluid 
from the last-named evaporator to said chamber 
while preventing reverse flow, and valve means 
controlling the connection of the compressor with 
the low temperature evaporator and with said 
chamber, said valve means including an element 
adapted in One position to connect the Said low 
temperature evaporator directly with the suction 
side of Said compressor and in an alternative 
position to connect the Suction side of the com 
pressor with said chamber, said valve means in 
cluding also an element adapted in alternative 
positions corresponding to the alternative posi 
tions of the first-named element to connect the 
discharge Side of Said compressor With the said 
chamber and with the condenser respectively, 

2. In two temperature refrigeration employing 
two evaporators Operated at different individual 
pressures from a common compression-condenser 
system, the method which comprises connecting 
the evaporators individually and alternately with 
the suction side of Said compreSSOr, diverting the 
liquid refrigerant discharge of the compressor 
from the condenser to a pressure accumulator 
when One of said evaporators is connected to the 
Suction side of the compressor, directing the re 
frigerant discharge of the compressor to the 
condenser when the other of said evaporators 
is connected to the suction side of the compressor 
and simultaneously connecting the accumulator 
chamber to the Suction side of the compressor to 
obtain a resultant Second stage compression of 
the refrigerant, 

3. In a refrigerating system including a com 
preSSOr, a Condenser, a high temperature evapo 
rator, and a low temperature evaporator, an 
hermetically sealed chamber connected between 
the high temperature evaporator and the com 
pressor, a check valve permitting flow of fluid 
from the high temperature evaporator to said 
chamber while preventing reverse flow, and valve 
means controlling the connection of the com 
preSSOr with the low temperature evaporator and 
with Said chamber, said valve means including 
an element adapted in one position to connect 
the last-named evaporator directly with the suc 
tion side of Said compressor and in an alterna 
tive position to connect the suction side of the 
compressor with said chamber, said valve means 
including also an element adapted in alternative 
positions corresponding to the alternative posi 
tions of the first-named element to connect the 
discharge side of said compressor with the said 
chamber and with the condenser respectively. 

4. In a refrigerating system including a com 
preSSOr, a condenser, a high temperature evapo 
rator, and a low temperature evaporator, an 
hermetically Sealed chamber connected between 
the high temperature evaporator and the com 
preSSOr, and valve means Controlling the connec 
tion of the compressor with the low temperature 
evaporator and with Said chimber, said valve 
means including an element adapted in one posi 
tion to connect the last-named evaporator directly 
with the suction side of said compressor and in 
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an alternative position to connect the suction side 
of the compressor with said chamber, said valve 
means including also an element adapted in alter 
native positions corresponding to the alternative 
positions of the first-named element to connect 
the discharge side of said compressor with the 
said chamber and with the condenser respec 
tively. 

5. In a refrigerating system including a com 
preSSOr, a condenser, a high temperature evapo 
rator, and a low temperature evaporator, a sealed 
chamber connected to the high temperature 
evaporator and to the suction side of said com 
preSSOr, a check valve permitting passage of fluid 
from the high temperature evaporator to the 
chamber and preventing flow in the reverse direc 
tion, and valve means for controlling the connec 
tions between the compressor and the low tem 
perature evaporator and between the compressor 
and said chamber, said means including a pair 
of Valve elements, one of said valve elements 
being exposed at one side to the pressure in the 
low temperature evaporator and at the opposite 
side to the pressure in said chamber so as to 
move under the influence of said pressures into 
alternative positions in one of which the said 
Suction side of the compressor is connected to 
the said low temperature evaporator and in the . 
other of which the suction side of the compressor 
is connected to the sealed chamber, the other 
valve element operating in synchronism with the 
valve element first named to connect the said 
chamber directly with the discharge side of the 
compressor when the said low temperature evap 
orator is directly connected to the suction side 
of the compressor and for connecting the dis 
charge side of the compressor with the condenser 
when the said chamber is directly connected to 
the Suction side of said compressor. 

6. A refrigerating system according to claim 5 
wherein pressure means operates on the first 
named valve element to augment the low tem 
perature evaporator pressure to which one side 
of the element is subjected whereby said element 
may be movable between the said alternative po 
sitions in response to departures from a prede 
termined pressure differential at the opposite 
sides of said element. 

7. A refrigerating system according to claim 6 
wherein means is provided for preventing move 
ment of said first named valve element until said departure from the predetermined pressure dif 
ential has exceeded a predetermined magni 
Ge. 
8. A refrigerating system according to claim 5 

Wherein the said sealed chamber takes the form 
of a housing embracing the compressor unit. 

9. A refrigerating system according to claim 5 
Wherein means is provided for bleeding a part of 
the refrigerant compressed in an individual com 
pression stroke of the compressor into the said 
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sealed chamber, said bleeding means being con 
trolled by a check valve loaded to permit said 
bleeding only when the pressure of the refrigerant 

the compressor has reached a predetermined 
te. 
10. In a refrigerating system including a com 

pressor, a condenser adapted to receive com. 
Pressed refrigerant from the compressor, a high 

35 

14 
temperature evaporator, and a low temperature 
evaporator, said evaporators being connected in 
parallel between the condenser and the suction 
side of said compressor, a sealed chamber included 
in the connection between the high temperature 
evaporator and the suction side of the compres 
SOr, a check valve permitting flow from the high 
temperature evaporator to the said chamber while 
preventing a reverse flow, and a valve device ex 
posed to the pressures within the low tempera 
ture evaporator, and within said chamber and 
responsive to departures from a predetermined 
differential between said pressures for connecting 
said low temperature evaporator and chamber 
individually and alternately to the suction side 
of said compressor, said valve device including 
means for connecting the discharge side of said 
compressor with the said chamber when the low 
temperature evaporator is connected to the suc 
tion side of the compressor, and for connecting 
the discharge side of the compressor with the con 
denser when the said chamber is connected with 
the suction side of said compressor. . 

11. In a refrigerating system including a com 
pressor having a compression chamber with suc 
tion and discharge ports, a condenser connected 
to said discharge port, a high temperature evap 
orator, and a low temperature evaporator con 
nected in parallel between the condenser and the 
suction port of said compressor, an accumulator 
chamber in the connection between the high tem 
perature evaporator and the compressor through 
which chamber the refrigerant flows in passing 
from the high temperature evaporator to the said 
suction port, a check valve permitting flow from 
the high temperature evaporator to the chamber 
while preventing reverse flow, valve means for 
connecting the accumulator chamber and the low 
temperature evaporator individually and alter 
natively to the suction port of Said compressor, 
and secondary valve means operative when the 
said low temperature evaporator is connected to 
the suction port for diverting the refrigerant dis 
charge of said compressor to the accumulator 
chamber to the exclusion of flow of said discharge 
to the condenser, and operative when the accumu 
lator chamber is connected to the said suction 
port for directing the discharge of the compressor 
to the condenser. 

12. A refrigerating system according to claim 11 
including means Operative while the said accumu 
lator chamber is connected with the suction port . 
of the compressor for bleeding a portion of the 
refrigerant from the said compression chamber 
when pressure in said chamber exceeds a prede 
termined maximum and directing the refrigerant 
thus withdrawn from the compression chamber 
back to the accumulator. ELMER. W. ZEARFOSS, J.R. 
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