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This invention relates in general to refriger 

ation and is more particularly concerned with 
automatic control means therefor. 

In the refrigeration art it has been proposed 
to control the output of a refrigeration system 
by controlling the compressor with a suction 
pressure controller, and by varying the flow of 
refrigerant into the evaporator in accordance 
with the load upon the system. Thus as the 
load on the System decreases, the flow of refrig 
erant into the evaporator is decreased thereby . 
decreasing the cooling effect of the evaporator. 
Control systems of this type, however, are not 
entirely satisfactory for the reason that as the 
flow of refrigerant into the evaporator is re 
duced, the compressor will pump down the low 
side pressure more quickly, thus stopping and 
starting the compressor frequently when the load 
on the system is light. This frequent starting 
and stopping of the compressor wastes a con 
siderable portion of power and also increases 

, the Wear and tear upon the compressor motor 
and controls. 

It is an object of my invention to provide a 
refrigeration system which avoids this undesir 
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able result and which permits the reduction in 
flow of refrigerant to the evaporator while at the 
same time avoiding the necessity of frequent 
starting and stopping of the compressor. In ac 
cordance with one form of my invention, this 
result may be obtained by the passing of gaseous 
refrigerant or other fluid into the evaporator 
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along with the liquid refrigerant, this gaseous 
refrigerant having the result of increasing the 
pressure within the evaporator and thus pro 
longing the periods of operation of the com 
preSSOr. W 

Another object of my invention, therefore, is 
the provision of a refrigeration system having an 
automatic control arrangement for varying the 
proportions of liquid refrigerant and gaseous 
refrigerant or other medium passed into the 
evaporator in accordance with the load on the 
System. - 

Other objects of this invention will become 
apparent from the following detailed description 
and from the appended claims. 
For a full disclosure of my invention reference 

is made to the following description and the ac 
companying drawing, in which 

Figure 1 illustrates diagrammatically a refrig 
eration system embodying the features of my in 
vention, and 

Figure a shows a modified arrangement for 
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the expansion valve and mixing valve of the sys 
tem shown in Figure 1. 

Referring to Figure 1, reference character 
indicates a compressor which may be driven by 
means of an electric motor 2. The discharge 
of the compressor is connected to a discharge 
line 3 leading to a condenser which in turn dis 
charges into the receiver 5. The outlet of the 
receiver 5 is connected by a liquid line 6 to one 
inlet of the three-way mixing valve . This 
three-way mixing valve may be of any suitable 
type and is diagrammatically illustrated herein 
as comprising inlet chambers 8 and 9 which com 
municate through the valve ports shown with 
a mixing chamber 40 containing a valve member 

which is adapted to selectively cover and un 
cover the valve ports in a manner to vary the 
proportions of fluid passed from chambers 8 and 
9 into the chamber O. The outlet or mixing 
chamber O of the three-way mixing valve is 
connected to an expansion valve 2 which in 
turn is connected to an evaporating coil 3. This 
evaporator coil 8 is connected to the inlet or 
suction side of the compressor as shown. The 
inlet chamber 8 of the three-way mixing valve 

is connected to a pipe 4 which in turn may 
be connected to pipe 5 leading from discharge 
line 3, or may be connected by a pipe 6 leading 
from the top of the receiver 5, or both. By an 
arrangement of this type it will be apparent that 
gaseous or uncondensed refrigerant will be 
passed into the inlet chamber of the three-way 
mixing valve 7. Thus movement of the valve 
member will vary the proportions of liquid 
and gaseous refrigerant passed into the evap 
orator 3. 

In Figure 1, the expansion valve is shown as 
being connected to the outlet of the three-way 
mixing valve . If desired the expansion valve 
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12 may be connected between the receiver 5 and 
the liquid refrigerant inlet of the three-way 
mixing valve 7 as shown in Figure 2. The ar 
rangement shown in Figure 2 obviates the neces 
sity of passing the gaseous refrigerant through 
the expansion valve and consequently permits 
the use of a smaller expansion valve than would 
be necessary in the arrangement of Figure 1. 

Referring again to the three-way mixing valve 
T, the valve member f thereof may be actuated 
by means of a proportioning motor T, this motor 
being illustrated as actuating the valve member 

through the medium of a pinion 8 driven by 
the motor. 7, and a rack 9 which is attached 
to the valve member f. The motor may be 

65 of any desired type and preferably may be of . 



2 
the type shown and described in Patent No. 
2,028,110 issued on January 14, 1936, to Daniel 
G. Taylor. This type of proportioning motor is 
adapted to be controlled by means of a poten 
tiometer controller, and will assume a position 
corresponding to the position of a potentiometer 
slider upon its resistance. In accordance with 
my invention, this motor may be controlled 
according to the load upon the system by means 
of a potentiometer type temperature controller 
20. The temperature controller or thermostat 
20 may be of any suitable type and is for illus 
trative purposes indicated as comprising a bel 
lows 2 which is connected by a capillary tube 
22 to a control bulb. 23. The bellows, tube and 
bulb are charged with a suitable volatile fill for 
causing the pressure within bellows 2 to vary 
with changes in temperature at the bulb 2. The 
bellows 2 in turn may actuate a slider 24 which 
cooperates with a resistance 25 to form a con 
trol potentiometer for the motor 7. By the 
arrangement just described, when the temper 
ature at bulb 23 increases, the bellows 2 will 
expand thus moving slider 24 upwardly across 
resistance 25, and this will cause the propor 
tioning motor 7 to shift the valve member 
to the left, thus increasing the flow of liquid 
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2,252,800 
mostat 20 engaging the center of resistance 25. 
This has caused the motor to place the valve 
member of the three-way mixing valve 7 in an 
intermediate position for allowing a portion of 
liquid refrigerant and a portion of gaseous refrig 
erant to enter the evaporator. If the tempera 
ture at bulb. 23 increases, thus indicating an in 
creased load upon the system, the slider 24 of 
thermostat 20 will move upwardly thus causing 
motor 7 to shift the valve member f to the left 
an amount proportionate to the travel of slider 
24 on resistance 25. This will reduce the amount 
of gaseous refrigerant passing into the evapo 
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rator and will increase the amount of liquid 
refrigerant passing into said evaporator. Due to 
this increased supply of liquid refrigerant to the 
evaporator, the cooling effect of the evaporator 
will be increased. When the load upon the re 
frigeration system rises to a maximum the slider 
24 will engage the upper end of resistance 25 
and this will cause the valve to be moved to 
its left-hand limit of motion, thereby completely 
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refrigerant into the evaporator while simulta 
neously decreasing the flow of gaseous refrig 
erant, thus increasing the cooling effect of the 
evaporator 3. Upon fall in temperature at the 
bulb 23, the opposite action will take place and 
thereby decreasing the cooling effect of the 
system. 

Referring to the compressor control, the com 
pressor may be controlled by means Of a low pres 
sure cut-out or suction pressure controller 26, and 
by a high pressure cut-out 2. The suction-pres 
sure controller 26 may be of any suitable type 
and may comprise a bellows 28 which is connected 
by a tube 29 to the outlet of the evaporator. 
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This bellows is shown as actuating a pivoted mer 
cury switch carrier 30 which carries a mercury 
switch 3. This instrument may be designed and 
adjusted in a manner to maintain the mercury 
switch 3 in closed position when the evaporator 45 
or suction pressure. is above a predetermined. 
value, while tilting the switch to open position 
when the suction pressure falls to a lower value. 

Referring to the high pressure cut-out 27, this 
controller may comprise a bellows 32, which is 
connected by a tube 33 to the discharge line 3 
of the compressor. This bellows actuates a mer 
cury switch 34 in a manner to cause tilting of 
this switch to open position whenever the head 
pressure becomes excessive. This controller is 
primarily a safety device for stopping the com 
pressor in the event of the head pressure becom 
ing excessive, thereby preventing damage to the 
compressor and other apparatus. The mercury 
switches 3 and 34, it will be noted, are connected 
in series in the compressor control circuit. Con 
sequently when either the head pressure becomes 
excessive or the suction pressure is reduced to a 
predetermined low value the compressor will 
placed out of operation. 

Operation 
With the parts in the positions shown, the 

head pressure is not excessive and the suction 
pressure is not too low, as indicated by the mer 
cury switches 3 and 34 being closed. The con 
pressor f is therefore in operation. Also the tem 
perature at the control bulb 23 is at an interme 
diate value as indicated by the slider 24 of ther 
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into the evaporator. 

cutting off the flow of gaseous refrigerant into 
the evaporator while increasing the flow of liquid 
refrigerant thereinto to a maximum. At this 
time the system will act in the same manner as 
a conventional refrigeration system, the suction 
pressure controller 26 stopping the compressor 
whenever the suction pressure falls below a pre 
determined value, thus preventing the evaporator 
temperature from being lowered beyond a pre 
determined value. 
As the load upon the system decreases, the 

slider 24 of thermostat 20 will move downwardly 
across resistance 25 for causing movement of the 
valve member to the right. This will de 
crease the flow of liquid refrigerant into the 
evaporator and consequently reduce the cooling 
effect of the evaporator. At the same time, the 
flow of gaseous refrigerant into the evaporator 
will be increased. This flow of gaseous refriger 
ant into the evaporator has two functions. One 
function of this gaseous refrigerant is to increase 
the pressure within the evaporator or, put an 
other way, to prevent the compressor from re 
ducing the evaporator pressure as rapidly as 
would occur if the gaseous refrigerant were not 
passed thereinto. This will have the result of 
preventing the suction pressure controller 26 from 
stopping the compressor as frequently as would 
occur if the gaseous refrigerant were not passed 

Also this flow of gaseous 
refrigerant through the evaporator will increase 

- the velocity of the refrigerant in the evaporator, 
55 

60 

65 

70 

5 

thereby obtaining better heat exchange between 
the refrigerant and the evaporator surface. 
From the foregoing description it will be ap 

parent that I have provided a control system for 
a refrigeration system which will graduatingly 
vary the output of the system in accordance with 
the load on the system, this result being obtained 
by the introduction of gaseous refrigerant into 
the evaporator along with liquid refrigerant, and 
by varying the proportions of the liquid and 
gaseous refrigerant passed into the evaporator. 
It will also be apparent that my invention pro 
vides a refrigeration control system which will 
vary the system output without causing the com 
pressor to frequently start and stop under the 
control of a suction pressure controller. 
While my novel control system is of especial 

utility in systems wherein the compressor is con 
trolled by a suction pressure controller, my in 
vention is not limited to systems of this type as 
it will provide for variation in the system output 
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even in systems where the compressor runs con 
stantly. Also, while I have shown a thermostat 
for controlling the position of the mixing valve, 
it will be understood that any suitable type of 
controller may be utilized depending upon the 
particular application of the refrigeration sys 
tem. For instance, if the system is applied to air 
conditioning, a humidity controller or other de 
sired type of controller may be substituted in 
place of the thermostat 23. As many other 
modifications and adaptations of my invention 
will occur to those skilled in the art, I desire to 
be limited only by the scope of the appended 
claims. - 

claim as my invention: . 
1. In a refrigeration system having an evap 

Orator, a receiver for liquid refrigerant, means 
for passing said liquid refrigerant from Said re 
ceiver into Said evaporator, means including 
Valve means for adding gaseous refrigerant to 
Said liquid refrigerant being gassed into said 
evaporator and for controlling the proportions 
of liquid and gaseous refrigerant being passed 
into said evaporator, and means responsive to 
the load. On said evaporator for controlling said 
Valve means. 

2. In a refrigeration System, in combination, 
an evaporator, back pressure reducing means for 
Withdrawing evaporated refrigerant from said 
evaporator, a condenser for condensing said 
evaporated refrigerant, means for passing con 
densed refrigerant from said condenser to said 
evaporator, means including Valve means for 
mixing uncondensed refrigerant with the con 
densed refrigerant passing to said evaporator and 
for controlling the proportions of condensed and 
uncondensed refrigerant passed to said evapora 
tor, and means responsive to the load on said 
evaporator for controlling said valve means. 

3. In a refrigeration system, in combination, 
an evaporator, back pressure educing means 
for withdrawing evaporated refrigerant from 
Said evaporator, a condenser for condensing said 
evaporated refrigerant, means for passing con 
densed refrigerant from said condenser to said 
evaporator, means including valve means for 
mixing uncondensed refrigerant with the con 
densed refrigerant passing to said evaporator 
and for controlling the proportions of condensed 
and uncondensed refrigerant passed to said evap 
Orator, load condition responsive means for con 
trolling said valve means, and means for con 
trolling said back pressure reducing means in 
accordance with the pressure of the refrigerant 
in said evaporator. 

4. In a refrigeration system having an evap 
Orator, a receiver for liquid refrigerant, a source 
of fluid having characteristics differing from said 
liquid refrigerant, means for passing said liquid 
refrigerant into said evaporator, means includ 
ing valve means for adding said fluid to said 
liquid refrigerant being passed to said evapora 

tor and for controlling the proportions of the 
fluid and said liquid refrigerant being passed into 
Said evaporator, and means responsive to the 
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load on said evaporator for controlling said last 
mentioned means. 

5. In a refrigeration system having an evap 
Orator, a receiver for liquid refrigerant, a source 
of fluid having characteristics differing from said 
liquid refrigerant, mixing valve means having 
an outlet connected to said evaporator and a pair 
of inlets, one of said inlets being connected to 
said receiver and the other of said inlets being 
Connected to said Source, and load responsive 
means for adjusting said mixing valve means for 
thereby varying the proportions of liquid re 
frigerant and fluid passed into said evaporator. 

6. In a refrigeration system, in combination, 
an evaporator having an inlet and an outlet, back 
pressure reducing means connected to said outlet 
for withdrawing evaporated refrigerant there 
from, an expansion valve. Connected to said in 
let, a receiver for liquid refrigerant, a source of 
fluid having characteristics differing from said 
liquid refrigerant, means for connecting said 
Source and said receiver to the expansion valve 
for delivering a mixture of liquid refrigerant and 
fluid to said expansion valve and for varying 
the proportions of the mixture, and load con 
ditions responsive means for controlling said last 
mentioned means. 

7. In a refrigeration system, in combination, 
a compressor, a condenser, a high pressure line . 
for conveying gaseous refrigerant from the Com 
pressor to the condenser, an evaporator, a liquid 
line for conveying liquid refrigerant from the 
Condenser to the evaporator, an expansion valve 
in said liquid line, a by-pass line for conveying 
refrigerant directly from the high pressure line 
to said liquid line ahead of the expansion valve 
for adding gaseous refrigerant to the liquid re 
frigerant passing to the expansion valve, valve 
means for controlling the proportions of gaseous 
and liquid refrigerant passed to the expansion 
valve, and load responsive means for controlling 
Said valve means. 

8. In a refrigeration System, in combination, 
a compressor, a condenser, a high pressure line 
for conveying gaseous refrigerant from the com 
pressor to the condenser, an evaporator, a liquid 
line for conveying liquid refrigerant from the 
Condenser to the evaporator, an expansion Valve 
in said liquid line, a by-pass line for conveying 
refrigerant directly from the high pressure line 
to said liquid line downstream of Said expansion 
valve for adding gaseous refrigerant to the re 
frigerant passing from the expansion valve into 
said evaporator, means for varying the propor 
tions of the mixture of liquid and gaseous re 
frigerant, and load responsive means for con 
trolling said last mentioned means. 

WILLIAM L. McGRAH. 


