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Miy invention relates to refrigerating innachines 
and particularly to such machines having elon 
gated restrictors or capillary tubes for controlling 
the flow of liquid refrigerant from the condens 
ing apparatus to the evaporator. This applica 
tion is a division of my copending application, 
Serial No. 472,818, filed January 19, 1943, and as 
signed to the same assignee as the present appli 
cation. 

Refrigerating machines generally comprise an 
apparatus for condensing gaseous refrigerant to 
provide liquid refrigerant at a relatively high 
preSStre which is then supplied through some 
Suitable pressure reducing device to an evaporator 
Where the liquid is vaporized by the absorption 
of heat from the medium surrounding the evap 
Orator, the vaporized refrigerant being withdrawn 
from the evaporator and returned to the con 
densing apparatus. Various types of mechani 
cally Operated valves have been employed to reg 
ulate the flow of liquid refrigerant from the con 
densing apparatus to the evaporator. However, 
Satisfactory operation over at least a limited range 
of Operating temperatures of the condensing ap 
paratus can be obtained by employing a length 
of tubing having a small internal diameter such 
that it presents resistance to the flow of refriger 
ant and effects a gradual reduction of pressure 
from the high pressure at the condensing ap 
paratus to the low pressure at the evaporator. 
These tubes are commonly called restrictors or 
capillary tubes. The rate of flow of refrigerant 
through the capillary tube depends upon the dif 
ference in pressure between the intake and dis 
charge ends of the tube, and, in any particular 
case, is determined by the length of the tube 
and the cross-sectional area of its passage. It is 
common practice to design the capillary tube for 
a given machine so that it will conduct the 
requisite flow of refrigerant to the evaporator 
under a predetermined pressure difference. Nor 
mally SOme of the liquid refrigerant vaporizes 
Within the capillary tube during its passage there 
through and this vaporization of liquid deter 
mines to a considerable extent the rate of flow 
of refrigerant through the tube. As the pressure 
difference increases a condition is reached such 
that the capillary tube can convey the liquid re 
frigerant to the evaporator at a greater rate than 
it is condensed, and consequently efficiency of 
Operation is lost. For many types of operation 
it is desirable to provide a refrigerant control 
device which will pass the same amount of liquid 
refrigerant over a wide range of pressure differ 
ences between the high and low pressure sides 

0. 

25 

3 

4 

5 

O 

t) 

O 

() 

s 

2 
and over a wide range of operating tenapera 
tures or pressures of the condensing apparatus. 
For example, when the evaporator load and tem 
perature wary over a relatively small range while 
the temperature and pressure of the condens 
ing apparatus vary over a wide range it is de 
sirable to prevent, the admission of excess re 
frigerant to the evaporator during the high pres 
sure conditions in the condensing apparatus. 

It is an object of my invention to provide a 
refrigerating machine of the type employing a 
capiliary tuhe for controlling the flow of liquid 
refrigerant to the evaporator and an improved 
arrangement for maintaining the flow of liquid 
refrigerant within predetermined limits Over a 
wide range of changes in the pressure Within the 
condensing apparatus. 

Further objects and advantages of my inven 
tion will become apparent as the following de 
scription proceeds, and the features of novelty 
which characterize my invention will be pointed 
out with particularity in the claims an inexed to 
and forming part of this specification. 

For a better understanding of my invention 
reference may be had to the accompanying draw 
ing in which Fig. 1 illustrates diagrammatically a 
refrigerating machine embodying my invention 
and Fig. 2 illustrates a similar machine including 
another embodiment of the invention. 

Briefly, the refrigerating nachine shown in 
the drawing comprises an evaporator and a con 
densing apparatus for liquefying vaporized re 
frigerant withdrawn from the evaporator and a 
capillary tube restrictor for controlling the re 
turn of liquid refrigeia; it from the condensing 
apparatus to the evaporator. In order to main 
tain the flow of refrigerant through the capillary 
tube substantially constant regardless of changes 
in temperature and pressure within the condens 
ing apparatlis there is provided an arrangement 
for increasing the proportion of vaporized re 
frigerant passing through the capillary tube in 
accordance with increases in pressure within the 
Condensing apparatus. In the illustrated ar 
rangement a second capillary tube is connected 
to conduct high temperature gaseous refrigerant 
from the condenser to an intermediate portion 
of the flow controlling capillary tube; this ar 
rangement introduces additional vaporized re 
frigerant to vary the flow upon changes in con 
densed pressure so that an increase in pressure in 
the condenser will not produce a corresponding in 
crease in the amount of refrigerant flowing to 
the evaporator. 

Referring now to the drawing the refrigerating 
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machine shown in Fig. 1 includes an evaporator 
to comprising a zigzag tubing and arranged 
within an air duct 2 to cool the air passing 
through the duct. Heat is absorbed from the 
air passing through the duct and liquid refriger 
ant within the evaporator is vaporized and the 
vapor is withdrawn through a suction line 3. 
by operation of a compressor 4 driven by an 
electric motor 5. The vaporized refrigerant 
after having been compressed is discharged to a 
condenser ? 3 which may be cooled in any Suit 
able manner in accordance With usual refrigera 
tion practice. The cooled compressed refriger 
ant is liquefied within the condenser 6 and flows 
from the condenser through a capillary tube or 
elongated restrictor i7 back to the evaporator 0. 
During the operation of the refrigerating ma 

chine the temperature of the medium, Such as 
air, employed to cool the condenser 6 may vary 
over a wide range so that the pressure of the re 
frigerant within the condenser will vary accord 
ingly. As the pressure in the condenser is in 
creased the difference of pressure between the 
inlet and outlet ends of the tube T is increased 
and more refrigerant tends to flow through the 
capillary tube. However, the evaporator O does 
not require additional refrigerant and conse 
quently it is desirable to limit the flow of refrig 
erant through the capillary tube 7 so that it does 
not increase substantially with the increased 
pressure in the condenser. In order to counter 
act the tendency toward increased flow of re 
frigerant through the capillary tube, I connect an 
intermediate portion of the capillary tube 7 to 
the condenser by a length of capillary tube 8: 
the tube 8 enters the tube 6 through a connec 
tion 9 in the upper portion of the condenser 
which contains compressed gaseous refrigerant 
so that gaseous refrigerant is admitted to the in 
termediate portion of the tube in an amount 
varying with changes in the condenser pressure. 
When the pressure within condenser 6 is de 
creased, for example, because of a decrease in the 
temperature of the cooling medium surrounding 
the condenser the amount of vaporized refriger 
ant introduced by the tube f8 into the path of 
the refrigerant flowing through the tube? is de 
creased and the resistance to flow within the tube 
T is decreased so that although there is a de 

crease in the pressure difference across the tube 
if the resistance of the tube is also decreased and 
the amount of the refrigerant flowing in the 
evaporator is not materially changed. The re 
verse of this action takes place upon an increase 
in the pressure in the condenser. In other words, 
the flow of refrigerant to the evaporator is main 
tained within predetermined acceptable limits re 
gardless of changes in pressure in the condenser. 
The system shown in Fig. 2 is similar to that 

shown in Fig. 1 and corresponding parts are des 
ignated by the same numerals. This system in 
cludes a liquid receiver 20 in which liquid is col 
lected to a level 2, the capillary tube enters 
the receiver 20 and the inlet of the tube 7, as 
indicated at 22, is located below the level 2 of 
liquid refrigerant so that only liquid refrigerant 
enters the inlet to the tube. f. The capillary 
tube 8 for introducing gaseous refrigerant at the 
intermediate point between the ends of the tube 

is connected in communication with the upper 
portion of the receiver 20, as indicated at 23, so 
that gaseous refrigerant flowing from the con 
denser and which has been separated from the 
liquid within the receiver at the condenser pres 
sure enters the tube 8 from the receiver. 
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4. 
In the arrangement of both Figs. 1 and 2 the 

length of the capillary tube 7, the point at which 
the tube 8 admits uncondensed vapor to the tube 
f7 and the length and diameter of the tube 8 are 
Selected so that the desired degree Of compensa 
tion is obtained. The direct admission of uncon 
densed vapor to the tube 7 results in relatively 
little time delay between a change of pressure 
Within the condenser and the compensating ac 
tion produced by the change and, furthermore, 
effective regulation of the flow of refrigerant 
through the capillary tube f is obtained. 
Although the refrigerant flow controlling ar 

rangements described herein are intended pri 
marily for application to refrigerating machines 
in Which the evaporator conditions remain sub 
stantially constant, appreciable regulation may 
also be obtained under proper conditions in SyS 
tems where there is a variation in evaporator 
pressure and where the condenser pressure re 
mains substantially constant; and regulation may 
he expected in some systems to compensate for 
changes in pressure drop across the capillary 
tube regardless of whether it is due to evapor 
ator pressure changes or to condenser pressure 
changes. It has been found that in a system em 
ploying a capillary tube flow controlling device 
there is a critical pressure of the evaporator below 
which the change in pressure in the evaporator 
has substantially no effect upon the rate of flow 
through the capillary tube; effective compensa 
tion for changes in evaporator pressure may be 
obtained provided the system is operating with 
the evaporator pressure above this critical pres 
SUe. 
Both of the compensating arrangements de 

scribed above may be employed with any of the 
well known types of refrigerating systems. For 
example, the use of this compensating device does 
not preclude the use of efficiency increasing de 
vices Such as the commonly employed heat ex 
changer between the liquid and suction lines of a 
refrigerating machine. 
From the foregoing it is readily apparent tha. 

I have provided a simple and effective arrange 
ment for increasing the useful range of operation 
of a capillary tube employed as a pressure reduc 
ing device in a refrigerating machine in which 
there may be a wide range of pressures. Within the 
Condensing apparatus. 
While I have shown particular arrangements 

of my invention in connection. With a compressor 
type mechanical refrigerating System other ap 
plications and embodiments will readily be ap 
parent to those skilled in the art. I do not, 
therefore, desire my...invention to be limited to 
the particular arrangements shown and de 
Scribed and I intend in the appended claims to 
cover all modifications within the spirit and scope 
of my invention. 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. A refrigerating machine including an evap 

orator, means for withdrawing vaporized refrig 
erant from Said evaporator, means for condens 
ing the withdrawn refrigerant to liquefy the 
Same, a capillary tube restrictor for conducting 
liquid refrigerant from said condensing means to 
said evaporator, and means associated with a 
portion of said tube intermediate the ends there 
of for admitting to Said tube gaseous refrigerant 
from Said condensing means for maintaining the 
flow of refrigerant to said evaporator within a 
predetermined range regardless of changes of 
preSSure within said condensing means. 
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2. A refrigerating machine including an evap 
Orator and a compreSSor and a condenser, a cap 
illary tube for conducting liquid refrigerant from 
Said condenser to said evaporator and a Second 
capillary tube providing communication between 
Said condenser and a portion of Said first men 
tioned tube intermediate the ends of said first 
tube to conduct gaseous refrigerant from said 
condenser to said intermediate portion for main 
taining the flow of refrigerant to said evaporator 
within predetermined limits regardless of 
changes of pressure of refrigerant in Said con 
denSer. 

3. A refrigerating machine including an evap 
orator, means for withdrawing vaporized refrig 
erant from said evaporator, means connected to 
said withdrawing means for liquefying the with 
drawn refrigerant, said liquefying means includ 
ing a condenser and a receiver for collecting re 
frigerant liquefied thereby, a capillary tube hav 
ing its inlet end located below the level of liquid 
refrigerant in Said receiver for controlling the 
flow of liquid refrigerant from said receiver to 
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said evaporator, and a second capillary tube con 
nected to said liquefying means to convey gas 
eous refrigerant therefrom to a point inter 
mediate the ends of said first tube for maintain 
ing the flow of refrigerant to said evaporator 
within predetermined limits regardless of 
changes of pressure within Said condensing 
leaS. 
4. A refrigerating machine including an evap 

orator and a compreSSOr and a condenser, a re 
ceiver for collecting refrigerant liquefied by said 
condenser, a capillary tube having its inlet end 
located below the level of liquid refrigerant in 
said receiver for controlling the flow of liquid 
refrigerant from said receiver to said evaporator, 
and a second capillary tube connected to convey 
gaseous refrigerant from Said receiver to a point 
intermediate the ends of said first tube for main 
taining the flow of refrigerant to said evaporator 
within predetermined limits regardless of 
changes of pressure within Said condenser. 

FRED O. URBAN. 
  


