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14/Olaims. 
Our invention relates to refrigerating appa 

ratus, more particularly to the ?ow-controlling 
apparatus between the condenser and an evapo 
rator embodying a plurality of passages of the 

5 so-called "dry expansion" type, and it has for 
an object to provide improved apparatus. 
A further object is to provide flow-controlling 

apparatus in which the ?ow of'refrigerant is 
automatically controlled in accordance with the 
capacity of the evaporator, as in a conventional 
thermostatic expansion valve, and in which the 
refrigerant is distributed among the evaporator 
passages by ?ow-resistance passages. 
In accordance with our invention, we provide 

a thermostatic expansion valve, and a plurality 
of ?ow resistance passages, ‘such as capillary 
tubes, arranged in series with‘ the expansion 
valve. The expansion valve effects the major 
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20 of the refrigerant and also regulates said expan 
sion, while the capillary tubes distribute the re 
frigerant among the evaporator passages and 
also effect a minor portion of the expansion. 
The expansion valve may be biased in closing di 
rection in accordance with the pressure in the 
evaporator and in opening direction by a pres 
sure varying with the temperature of the va 
porous refrigerant leaving. the evaporator, where 

30 by the valve is controlled in accordance with the 
superheat of the vaporous refrigerant leaving the 
evaporator and regulates the flow of refrigerant 
to the evaporator in accordance with its capacity 
to evaporate refrigerant. , . 

The present application is a continuation of 
our application Serial No. 716,974, filed March 
23, 1934. 
The above and other objects are effected by 

our invention as will be apparent from the follow 
ing'description and claims, taken in connection 
with the accompanying drawing, forming a part 
of this application, in which: ' , 
The single ?gure is a diagrammatic view of the 

apparatus with the expansion valve in section. 
Referring to the drawing in detail, we, show an 

evaporator i0 comprising a plurality of coils or 
evaporator passages ll, of the so-called “dry 
expansion” type. These coils are arranged in 
parallel with respect to flow of refrigerant and 
discharge the refrigerant vaporized therein into 
a common header l2. From the latter, the va 
porous refrigerant is drawn through a conduit I3 - 
to a compressor ii. The compressed refrigerant, 
is conveyed from the compressor through a con 
duit I5 to'a condenser IS in which it is condensed. 
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portion of the expansion or pressure reduction , 

(Cl. 62-8) 
It then flows into a liquid receiver i‘! from which 
it is delivered to a. conduit II. 
To the above described apparatus, which was 

known .prlor to our present invention, we provide 
novel apparatus for controlling the flow of the 5 

_ liquid refrigerant to the evaporator and for dis 
tributing refrigerant among the several coils. 
This apparatus comprises an expansion valve i9 v 
and ‘a plurality of capillary tubes 2i, that is, 
tubes of restricted bore or flow area. The expan 
sion valve I! may be, and is disclosed as, a con 
ventional thermostatic expansion valve. It has 
an inlet 22 connected to the conduit IS, a valve , 
member 23 which controls the ?ow of refrigerant, 
and an outlet 24 connected through a fitting 25 to 
the inlet ends of the capillary tubes 2|. The 
outlet ends of the capillary tubes are connected 
to the inlet ends of the respective coils H.‘ 
The expansion valve further includes a pres 

sure responsive diaphragm 26 connected to the 
valve member 23. The diaphragm 26 is biased 
upwardly in valve closing direction by the pres 
sure of refrigerant within the evaporator, which 
pressure is communicated from the header l2 
through a conduit 21 to the lower side of the 
diaphragm.‘ It is biased downwardly in valve 
opening direction by the pressure contained in a 
‘thermostatic bulb 28, which pressure is com 
municated through a tube 29 and imposed on the 
upper side of the diaphragm 26. The thermo 
static bulb 28 is clamped to the suction conduit 
i3 adjacent the header l2, and preferably con 
tains the same fluid as is used for refrigerant in 
the refrigerating apparatus, so that the pressure 
provided in the thermostatic bulb 28 isv a func 
tion of the temperature at which time refrigerant 
leaves the evaporator. Inasmuch as the pressure 
within the header i2 is a function of the satura 
tion temperature of the refrigerant, it will beep-‘ 
parent that the difference in pressure imposed on 
the diaphragm 28 will be a function of the super 
heat of the refrigerant leaving the evaporator. A 
spring 3| biases the valve member 23 in oppo 
sition to the pressure difference on the diaphragm 
'26, which tends to open the valve. The setting 
of the expansion valve may be varied by means 
of a screw 32 which varies the initial deflection 
of the spring 3|. 
The expansion valve and the capillary tubes 

are so designed that the major portion of the 
expansion or pressure reduction of the refrigers 
ant from the pressure on the high side to the 
pressure in the evaporator, is effected in the ex 
pansion valve.v l9, only a small portion of the 
pressure reduction being effected by the capillary 55 
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tubes 2|. The capillary tubesnecslsarily e?ect 
some pressure reduction in effecting the distribu 
tion of refrigerant to the several evaporator pas 
sages. ' 

The operation of the above described apparatus 
is as follows: vaporous refrigerant withdrawn 
from the evaporator through the conduit I8 is 
compressed by the compressor it. and conveyed 
through the conduit II to the condenser I. in 
which it is condensed. The condensed refrigerant 
collects in the liquid receiver l1 and ?ows through 
the conduit II to the expansion valve ll. The 
latter regulates the flow of refrigerant there 
through in accordance with the superheat of the 
refrigerant leaving the evaporator, operating to 
maintain said superheat substantially constant. 
The expansion valve is set to maintain a relative 
ly small degree of superheat. It will be noted 
that, by controlling the flow of refrigerant in ac 
cordance with the superheat, the evaporator is 
supplied with such a quantity ‘of refrigerant as 
can be completely evaporated therein. From the 

- expansion valve If, the refrigerant flows through 
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the outlet 24 and the ?tting 25 into the several 
capillary tubes II, by- which it is distributed 
among the several coils ll of the evaporator. The 
capillary tubes 2| serve primarily for the purpose 
of distributing refrigerant to the several capillary 
tubes, the pressure reduction or expansion effect 
ed therein being only such as is necessary to effect 
proper distribution. As the refrigerant flows 
through the fitting II it encounters sudden 
change in its ?ow path, as will be apparent from 
the drawing, thereby inducing turbulence of the 
refrigerant. Such turbulence aids in providing 
a more thorough mixing and uniformity of,the 
liquid and vaporous refrigerant adjacent the inlet 
ends of the capillary tubes. 
From the above description, it will be seen that 

we have provided flow controlling mechanism 
comprising an expansion valve and a plurality of 
flow resistance passages in which the major por 
tion of the pressure reduction or expansion is ef 
fected in the‘expansion valve, in which the sup 
ply of refrigerant to the evaporator is controlled 
by said expansion valve in the same manner as a 
conventional thermostatic expansion valve com 
monly used in the art, and in which refrigerant is 
distributed among the several passages of the 
evaporator by means of capillary tubes. By pro 
viding the expansion valve to effect the major por 
tion of the expansion, the capillary tubes 2i may 
be made of greater diameter, thereby lessening 
danger of clogging of said tubes and increasing 
the reliability of the apparatus. 
What we claim is:' 
i. In refrigerating apparatus, the combination 

of an evaporator comprising a plurality of evapo 
rator passages, a compressor, a condenser, a valve 
for regulating the expansion of the liquid refrig 
erant from the condenser, means responsive to 
evaporator pressure for biasing said valve in clos 
ing direction, means responsive to temperature of 
vaporous refrigerant leaving the evaporator for 
biasing the valve in opening direction, and a plu 
rality of capillary tubes for distributing the re 
frigerant from said valve to the respective_evapo— 
rator passages, said valve and capillary tubes be 
ing of such proportions and dimensions that the 
major portion of the pressure reduction of the re 
frigerant is effected in said valve and that the 
capillary tubes serve primarily for distribution 
and effect only a small portion of- the pressure 
reduction, ‘ 

2. In refrigerating apparatus, the combination 

of an evaporator comprising a plurality of pas 
sages; a compressor; a condenser; and means for 
expanding liquid refrigerant condensed in said 
condenser, for regulating said expansion. and for 
distributing the same to the several evaporator 
passages comprising an expansion valve and a 
group of capillary tubes, through which valve and 
tube group the refrigerant flows in series and in 
each of which it is partially expanded, means re 
sponsive to evaporator pressure for biasing said 
valve in closing direction and means responsive to 
temperature of vaporous refrigerant leaving the 
evaporator for biasing said valve in opening di 
rection, whereby said valve and capillary tubes 
together effect the expansion of the refrigerant, 
said valve regulates said expansion and said cap 
illary tubes distribute the refrigerant among the 
evaporator passages. 

3. In refrigerating apparatus, the combination 
of a plurality of evaporator passages, a compres 
sor, a condenser, expansion valve means receiving 
liquid refrigerant from said condenser and effect 
ing the major portion of the pressure reduction 
thereof from condenser pressure to evaporator 
pressure, and a plurality of capillary tubes com 
municating with said expansion valve means and 
with the respective evaporator passages for dis 
tributing refrigerant from the former to the lat 
ter. a 

4. In refgrigerating apparatus, the ‘combina 
tion of a plurality of evaporator elements; a com 
mon liquid refrigerant supply conduit therefor; 
and means for expanding liquid refrigerant sup 
plied from said conduit to said evaporator ele 
ments, for regulating said expansion, and for dis 
tributing the same to the several evaporator ele 
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ments comprising an expansion valve and a group ' 
of ?ow-resistance passages, through which valve 
and group of passages the refrigerant flows in se 
ries and in each of which it is partially expanded, 
means responsive to evaporator pressure for bias 
ing said valve in closing direction and means re 
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sponsive to temperature of vaporous refrigerant ‘ 
leaving the evaporator elements for biasing said 
valve in opening direction, whereby said valve and " 
?ow-resistance passages together effect expan 
sion of the refrigerant, said valve regulates said 
expansion and said flow-resistance passages dis 
tribute the refrigerant among the evaporator ele 
merits.‘ 

5. In refrigerating apparatus, the combina 
tion of a plurality of evaporator passages, a ther 
mostatic expansion valve for regulating the sup 
ply of refrigerant to said passages, said thermo 
static expansion valve being operable in response 
to the superheat of the refrigerant vapor dis 
charged from said evaporator passages to main~ 
tain the same substantiallyconstant, and means 
for distributing refrigerant from said valve to said 
passages in predetermined proportions and ef 
fecting a portion of the expansion thereof. 

6. In refrigerating apparatus, the combination 
of a plurality of evaporator elements, a thermo 
static expansion valve regulating the supply of 
refrigerant to said elements, said thermostatic 
expansion valve being operable in response to the 
superheat of the refrigerant vapor discharged 
from said evaporator elements to maintain the 
same substantially constant, and a plurality of 
?ow-resistance passages for distributing refrig 
erant from said valve to said evaporator elements. 

7. An expansion mechanism for refrigeration 
evaporators, comprising an expansion valve, a 
distributor head, a plurality of outlets in said 
head leading to a plurality of evaporators, a plu 
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rality of ori?ces connecting with saidoutlets and 
with the output side of said valve, a diaphragm, a 
thermostat exposed to gas from said evaporators, 
means acting on one side of said diaphragm for ' 
moving same proportional to variations in said 
thermostat, means connecting said diaphragm 
and valve whereby said valve is moved propor 
tional to the movement of said diaphragm, and 
means transmitting gas pressure from said evap 
orators to the other side of said diaphragm. 

' 8. The method of ensuring the supply ‘of uni 
form mixtures of liquid and vaporous refrigerant 
at desired rates from a single expansion device 
to a plurality of evaporators arranged in par 
allel, which comprises subdividing the stream of 
refrigerant delivered by said expansion device, 
determining the proportions of such subdivsion 
by throttling each off-?ow from the point of sub 
division; immediately in advance of such subdi 
vision inducing turbulence in such ?owing stream 
of refrigerant; and regulating the rate of deliv 
ery of refrigerant by said expansion device, in re 
sponse to the opposed effects of pressure in said 
evaporators and the temperature of refrigerant 
leaving said evaporators. 

9. In refrigerating apparatus, the combination 
of an evaporator comprising a plurality of evap 
orator passages, means for supplying volatile 
liquid refrigerant, a valve for regulating the flow 
of liquid refrigerant from said supply means, 
means responsive to an operating condition of the 
evaporator for controlling said valve, and a pin 
rality of ?ow-resistance passages connecting said 
valve with the evaporator passages, respectively, 
said valve and ?ow-resistance passages being con 
structed and arranged so that the major portion 
of the pressure reduction of the refrigerant is 
eifected in said valve and so that said flow re 
sistance passages serve primarily to distribute the 
refrigerant among the several evaporator pas 
sages. ' 

10. In a refrigeration system, an evaporator in 
tercalated between the usual high and low sides 
of said system, an expansion valve controlling the 
admission of liquid refrigerant to said evaporator. 
a diaphragm for operating said valve, a ther 
mostatlc bulb positioned adjacent the outlet end 
of said evaporator for imposing pressure upon 
said diaphragm in a valve-opening direction, and 
means communicating with, the evaporator ad 
jacent its outlet end, and with the opposite side 
of said diaphragm for imposing the true suction 
pressure of, said evaporator upon said diaphragm 
in a valve-closing direction. 

3 
11. In a refrigeration system, an evaporator 

intercalated between the usual high and low sides 
of said system, an expansion valve controlling the 
admission of liquid refrigerant to said evaporator, 
a diaphragm for operating said valve, 9, thermo 
static bulb located at the outlet end of said evap 
orator, means for transmitting pressure from said 
bulb to one side of said diaphragm biasing it in 
a valve-opening direction, and means for impos 
ing a counter-pressure upon the opposite side of 
said diaphragm derived from a point in said sys 
tem adjacent the outlet end of said evaporator 
whereby to decrease the ?uctuating of superheat 
arising during the cycling periods of said system. 

12. In refrigerating apparatus, the combina 
tion of a plurality of evaporator passages of the 
dry type, a valve for regulating the ?ow of liquid 
refrigerant to said evaporator passages, a pin 
rality of capillary tubes for distributing the re 
frigerant from said valve to the respective evap 
orator passages, and means responsive to a con 
dition of the refrigerant leaving the evaporator 
passages for controlling said valve in such man 
ner that all the refrigerant is vaporized before 

' leaving said evaporator passages, said valve and 
capillary tubes being of such ‘proportions and di 
mensions that the major portion of the pres 
sure reduction of the refrigerant is effected in 
said valve and that the capillary tubes serve pri 
marily for distribution and effect only a small 
portion of the pressure reduction.’ 

13. An expansion mechanism for a plurality of 
evaporator elements, comprising an expansion 
valve, a distributor head communicating with the 
output side of said valve, the expansion mecha 
nism having a plurality of ori?ces communicat 
ing with said distributor head for distributing 
refrigerant therefrom to the evaporator elements, 
a diaphragm connected to said valve, thermostatic 
means adapted to be subjected to temperature of 
refrigerant adjacent the outlets of said evaporator 
elements and imposing on said diaphragm in 
opening direction a pressure which is variable 
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with said temperature, and means including an - 
external tube for imposing refrigerant pressure in 
said evaporator elements on said diaphragm in 
valve closing direction. A 

14. Expansion mechanism as set forth in claim 
13 and further constructed and arranged so that 
the liquid and vaporous refrigerant leaving said 
valve remain mixed while ?owing through the 
distributor head and into the ori?ces. 

JOHN M. LABBERTON. 
LEWIS R. SMITH. 
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