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1 
This invention relates to‘new and useful im 

provements in refrigeration expansion valves. 
One of the objects of this invention is to pro 

vide a refrigeration expansion valve having a 
means to vary superheat setting of the valve in 
accordance with the variation of a characteristic 
of the refrigerant ?uid passing through the valve. 
Another object is to provide a refrigeration ex 

pansion valve having a means to vary the super 
heat setting of the valve in accordance with the 
temperature at which the ‘valve is operated. 

' Another object is to provide a means for reduc-l 
ing'the amount of increase of superheat setting 
in thermostatic expansion valves at low operat 

. ing temperatures. 

vOther objects will be apparent from time to 
time throughout the specification and claims as 
hereinafter related. ~ 

This invention ‘comprises the new and im 
proved construction and combination of parts 
and the cooperative relation therebetween which 
will be described more fully hereinafter and the 
novelty of which will be particularly pointed out 
and distinctlyclaimed. ' 

. In the accompanying drawings, to be taken‘as 
part of the specification thereis clearly and fully 
illustrated one preferred embodiment of this in 
vention in which drawing: 

Figure 1 is a view in longitudinal cross section 
of a refrigeration expansion valve embodying one 
form of this invention, which valve is shown dia 
grammatically in a, refrigeration system, 

Fig. 2 is an illustrative pressure-temperature 
curve to show the variation of required tempera 
ture diiferentials for opening an expansion valve 
upon change of operating temperature, and 

Fig. 3 is a curve showing change of superheat 
setting of a conventional expansion valve upon 
decrease of operating temperature. > 

. Referring to the drawing by characters of ref 
erence, there is a compressor | driven by a motor 
2 which supplies refrigerant to a condenser 2 and 
a receiver 4. From the liquid refrigerant receiv 
‘er 4 refrigerant passes through a conduit 5 to the 
inlet 2 of a thermostatic expansion valve 1 which 
embodies this invention. The outlet 2 of the ex 
pansion valve ‘I is connected to an evaporator 2 
which is in turn connected to the suction side of 
the compressor |. The expansion valve ‘I com 
prises a main body portion Ill having an inlet 
projecting portion H and an outlet projecting 
portion i2. There is a cavity I: in the inlet pro 
iecting portion H which houses a strainer II 
which is held in position by an inlet ?tting it 
into which opens the inlet 6. The valve casing 
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II has an enlarged, end portion i2 withjan annu 
lar cavity i'l therein‘. Therejis an wallinem 
ber l2 which covers the enlarged end portion l2 
and closes the annular cavity ii. The inlet cav 
ity I2 is connected‘ by a passageway is to the an 
nular cavity II which is'in‘ turn connected by 
passageways 20 and 2| to a longitudinal cavity 
22 in the valve casing II. There is a hollow plug 
member 22 screw-threadedly's‘ecured in the pas 
sageway 2| and forming a valve port 24 for'dis 
charge of refrigerant into the cavity 22. There 
is an outlet passageway 22 leading from the cav 
ity 22 through the outlet‘projecting'portion l2. 
Positioned in ‘the valve'cavity22'there is a valve 
carrier'member 2| which is'operableto have lon 
gitudinal movement therein andwhich carries a 
valve member 21 which‘is cooperable with the 
plug or valve seat member 22. :There is a helical 
spring 22 which is compressively' positioned 
against the valve carrier member 22 and is oper 
able to urgethe valve memberf? toward closed 
position. At the enlarged end," of the valve 
casing ll there is a dish-shaped cover member 
29 which covers the end cover member I! and 
which is secured thereto 'by'an intumed ‘flange 
portion 22 of the end‘ member-i2. ‘Positioned be 
tween the end member II and the cover member 
29 is a ?exible diaphragm 2| which is sealed be 
tween‘ the circumferential edges‘ of the'end mem 
bet I! and the cover member 22 and vwhich forms 
with the cover member 22 an enclosed chamber 
22. There is a conduit 22 which is secured in an 
aperture in the end wall portion; 24 of the cover 
member 29 and which opens'into the chamber 
22. The other end of the conduit’ 22 has secured 
thereon a thermostatic bulb element 25 which 
contains a volatile thermostatic ?uid responsive 
to temperature changes ‘and operable to transmit 
pressure to the enclosed chamber '22 to actuate 
the diaphragm 2|. ‘ ‘ Within the'cha'mbe'r 22 there 
is a plate member 26 positioned on the diaphragm 
2|. Also within the chamber 22 there is a'helical 
spring 21 compressively positioned between the 
cover member end wall portion 24 and the plate 
member 26. On the other, side of, the diaphragm 
3| there is another plate‘ member 32,‘ which is 
operable to transmit movement of the diaphragm 
2| to a plurality of thrust rods .2!‘ which are slid 
ably positioned in longitudinal passageways in 
the valve casing It. The thrust rods 39 are op 
erable to transmit movement from ' the dia-_ 
phragm 2| to the valve carrier‘member 22 and 
operate to move the valve member 21 in opposi 
tion to the compressive force of the spring 22. 
There is a Projecting casing portion 40 which is 
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screw-threadedly secured to the valve casing it 
as at ll and which is formed in two sections l2, 
43 which are screw-threadedly secured together 
as at N. There is a hollow cavity 45 in the eas 
ing portion ll which is connected by an, aper 
ture l‘ to the cavity 2! in the main casing II. 
The casing portion ll has a hollow end portion 
41 in which is positioned an adjustment screw 40 
which extends through an aperture in the end 
wall 40 of the casing portion ll. Secured on the 
end of the adjustment screw ll is the base por 
tion ll of a cylindrical member II in which is 
positioned an expansible-contractable bellows II. 
The bellows I2 is sealed to the base portion ‘I and 
has a cloud end wall member it from which ex 
tends the projecting cylindrical abutment I4 
whichextends through the aperture It and en 
gages the base of a supporting member ‘I for the 
helical spring as. Positioned within the bellows 
I! is a helical spring II which urges the bellows 
toward an expanded position. The bellows 52 is 
charged through a filler tube 51 with volatile 
thermostatic ?uid which has .a different rate of 
change of pressure with temperature than the re 
frigerant ?uid used in the system. The super 
heat setting of this valve is determined by adjust~ 
ment of the screw 48 which varies the compres 
sion of the spring 28 acting on the valve carrier 
member 28. There is a cover member is which 
closes the adjustment screw end portion of the 
projecting portion 41. 
In operation this form of the invention func 

tions as follows: 
This expansion valve, at normal operating 

temperatures, functions as a conventional ex 
pansion valve, the operation of which is obvious 
from the system illustrated. Refrigerant vapor is 
compressed by the compremor I, condensed in the 
condenser 3 and supplied to the receiver 4 from 
which liquid refrigerant passes through the con 
duit 8 to the inlet 6 of the expansion valve. From 
the outlet I of the expansion valve 1 refrigerant . 
passes to the evaporator I wherein the refrigerant 
?uid is evaporated for cooling and from which 
evaporator the refrigerant vapor passes to the 
suction side of the compressor I. The expansion 
valve ‘I is designed to respond normally to the 
pressure at the inlet and to the temperature at 
the outlet end portion of the evaporator 9. 
Changes in temperature at the outlet of the 
evaporator I and the bulb 35 result in a change 
of pressure within the chamber 32 thereby chang 
ing the differential of pressure acrossthe dia 
phragm II to cause movement thereof thereby to 
move the pins or thrust rods 39 to move the valve 
member 21 toward or away from its seat to per 
mit greater or less ?ow, of- refrigerant through 
the valve. The di?'erential of pressure across 
the diaphragm ll. necessary to move the valve 
member 21 is determined by the extent of com 
pression of the spring 28 acting in opposition 
thereto. The spring 2. as heretofore mentioned 
is operable to determine the superheat setting of 
the valve. 
Referring to Fig. 2 there is shown a pressure 

temperature curve for a volatile liquid refriger 
ant. ‘ For operation of the expansion valve in the 
usual temperature range of say 30 to 40° F. a 
certain pressure differential will be required to 

On the pressure 
temperature curve this opening pressure differ 
ential (commonly known as superheat when ex 
pressed as a temperature diiferential) is shown 
as m; projecting the pressure differential in on > 
the pressure'-temperature curve and then PH.) 

jecting the temperature diiferential to the tem 
perature axis we ?nd that a temperature differ 
ential t1 is required to begin to open the valve. 

- when the valve is operated at a very low tempera 
ture such as minus 60' I". or lower the pressure 
differential required to open the valve will be 
substantially the same as that which is indicated 
on the curve as pa. While the pressure require 
ment in and p: are substantially equal the pres 
sure-temperature curve at this extremely low 
temperature is of a much lower slope than at 
plus 30° to 40° ll; hence, the temperature differ 
ential required to produce this pressure differen 
tial ‘for opening the valve will be much greater, 
as for example. is. It is seen then from this 
referenceto the pressure temperature curve that 
the opening temperature diil'erential of the valve 

- is affected by operation at extremely low tem 
peratures.‘ I , 

Referring to the superheat curve in Fig. 3 we 
find that if a valve of the single diaphragm type 
is operated at say 0° with a 5' superheat setting, 
and this same valve is then operated at say minus 
90° the_ superheat setting of the valve will be_ 
found to have increased to about 25°. This in 
crease of superheat setting is characteristic of 
single diaphragm type valves when operated at 
extremely low temperatures and the cause is 
apparent from the previous reference to the 
pressure temperature curve of Fig. 2. The change 
of superheat setting is especially pronounced 
when the bulb element is charged with the same 
?uid as that used in the system. In the expansion 
valve shown in Fig. 1 there has been provided a 
means to compensate for this tendency for ex 
cessive increase in superheat upon operation of 
the valve at extremely low temperatures. The 
spring 28 which determines the superheat set 
ting of the valve is held in its compressed posi 
tion by the bellows I2 and thrust member por 
tion 54. The bellows 52 is normally charged with 
a volatile ?uid having a greater rate of change 
of pressure with temperature than the refrigerant 
used in the system so that upon decrease of oper 
ating temperature of the valve the pressure with 
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in the bellows 62 will decrease at a slightly greater I 
rate than the pressure outside the bellows. The 
bellows 52 by reason of being only partly ?lled 
with volatile liquid is responsive to temperature 

50 and pressure of ?uid refrigerant on the outlet 
side of the valve port 24 which enters the, cham 
her or cavity 48 through the aperture 48. This 
described decrease of-pressure within the bellows 
52 will cause the bellows to collapse a predeter 

55 mined amount in accordance with the tempera 
ture and pressure of the refrigerant outside the 
bellows relative to the pressure inside the bellows 
thereby decreasing the compressive force of the 
spring 28 and permitting the valve member 21 

so to be moved by lower pressure diil’erentials across 
the diaphragm 3| . This decreasein pressure dif 
ferential required to open the valve member II 
will cause a decrease in the superheat setting 
of the valve for the temperature at which it is 
operated so that the increase of superheat set 
ting at extremely low temperatures will be greatly 
reduced and will follow a compensated curve 
such as the dotted superheat curve “a" in Fig. 3. 
The following example is given to illustrate 

fully the operating characteristics of this valve. 
It should be understood, however, that other re 
frigerants could be used subject to proper se 
lection of the relative sizes of the springs and 
bellows. ,Assume that the system, the bulb ele 

zs ment 3!, and the space 82 are charged with 
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“ll-l2” (0612b), and that the compensating bel 
lows 92 is charged with “ll-22" (021C115). As 
sume an operating area of one_ square inch for 
the diaphragm ll. an operating area of .31 square 
inch for the bellows II (a standard %" bellows), 

' a force of 5 pounds for the spring 31, and a super 
heat setting of 10' at 0° 1". .At 0° 1!‘. bulb temper 
ature the pressure of the refrigerant “1"-l2" in 
the chamber 32 acting on the diaphragm 3| is 
23.9 p. s. i. (or 23.9 pounds for a one square inch 
diaphragm). The total pressure acting down~v 
ward on the diaphragm ll then is 23.9 pounds _ 
plus the 5 pounds force of the spring 31 or a total 
of 23.9 pounds._ At a 10'', superheatsettlng the 
suction temperature in the valve is minus 10‘ 1". 
and the pressure of "1'42" acting upward against 
the diaphragm II is 19.2 pounds. The diiierence 
between the downward and upward iorces on the 
diaphragm ii is 9.’! pounds net downward force 
which force is equalized by the spring 23 which 
is calibrated to resist this force. Assume, for a 
moment, that this expansion valve has no com 
pensating bellows and the rise in superheat at 
very low temperatures will be demonstrated. 
When the valve is operated at a suction tempera 
ture of minus 80' l". the pressure of the "F-12” 
upward on the diaphragm 3! is only 2.9 pounds 
which plus the 4.7 pounds net force of the spring 
23 over the spring l'l gives a total upward force 
of 7.6 pounds which is counteracted by bulb ele 
ment pressure above the diaphragm 3|. This 
7.6 pounds (or p. s. i.) above the diaphragm 3| 
represents a bulb temperature of minus 47° F. 
and a superheat 33". It is thus seen that an 
initial superheat setting of 10'’ at minus 10° 1''. 
suction temperatures will increase to 33° at minus 
80° F. The compensating effect of‘ the bellows 
62 will now be demonstrated. The bellows l2 and 
its internal spring 96 must carry the reactive 
thrust of the spring 22. At the initial ‘suction 
temperature of minus 10° F. the bellows 92 is 
fully extended against the inturned end of the 
cup-shaped member II. The bellows at this 
point is carrying the 9.1 pound reactive thrust 
of the spring 23. The pressure of “IF-22" within 
the bellows 52 (at minus 10° F.) is 31.3 p. s. i. 
and the pressure of “F-12” around the bellows is 
19.2 p. s. i. The net expansive force of the bel 
lows then is 12.1 p. s. i. times .31 square inch or 
a total force of 3.7 pounds. The force of the 
spring 86 then must be 6 pounds (1. e., the dif 
ference between the 9.’! pound thrust of the spring 
29 and the 3.7 pound expansive force of the bel 
lows 52). When the valve is operated at a suc 
tion temperature of minus 80' F. the pressure of 
'-‘F-22” within the bellows I2 is 4.8 p. s. l. and the 
pressure around the bellows is 2.9 p. s. i. (pres 
sure of “F-12”). This pressure di?'erential is 
1.9 p. s. i. or .6 pound (1.9 times .31). The total 
expansive force of the bellows S2 and spring 66' 
has thus been reduced to 6.6 pounds (6 pounds 
spring force plus. .6 pounds expansive force) 
which represents the force now exerted on the 
diaphragm II by the spring 23. The net upward 
spring force on the diaphragm 3| of 1.6 pounds 
(i. e., the force of spring 23 of 6.6 pounds minus 
the 5.0 pound downward force of spring 31) 
plus the 2.9 pound pressure 01' “F-12" (at minus 
80° F.) on the diaphragm 3| totals 4.5 pounds up 
ward diaphragm force which is counteracted by 
bulb element pressure above the diaphragm. 
This 4.5 pound bulb element pressure represents 
a bulb temperature of minus 65'’ F. and a super 
heat setting of 15°. From the foregoing it is 
seen that the compensating bellows element has 

a. 
.materialiy reduced the increase in superheat 
setting at-very low temperatures. It should be 
noted that the aforementioned compensation 
was accomplished by using a standard bellows 
and ‘by using a slightly larger bellows and a 
weaker bellows spring the increase could be com 
pletely eliminated. It should also be noted that 
by the use of vapor pressures of diiierent refriger- I 
ants (inside and outside the bellows) for com 
pensation the‘ compensation of the superheat 
curve is logarithmic in nature so that the super 
heat curve will approach a straight line. Bimi 
lar compensation can be obtained by use of other 

' refrigerants having high rates of pressure change, 
ll 
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such as ammonia, carbon dioxide or ethane and 
the superheat can actually be reduced below 
its initial setting if the bulb element and dia 
phragm chamber are charged with a refrigerant 
having a very low rate of pressure change (such v 
as methyl chloride). ' 

In summary, it is seen that there is provided 
alconventional single diaphragm‘ type expansion 
valve which has the characteristic increase of 
superheat setting at extremely low operating 
temperatures. There is also provided a bellows 
which is charged with a ?uid having a rate of 
pressure change greater that that of the refriger 
ant used in the system so that upon decrease of 
operating temperature the bellows will tend to 
collapse. The collapsing of the bellows as de 
scribed heretofore is operable to decrease the 
compression of the spring which tends to‘close 
the valve ‘and thus the superheat setting of the 
valve is reduced so that a much smaller increase 
of superheat at extremely low temperature is 
accomplished. 

It should be obvious that-if for any reason it is 
desired to increase the superheat setting of the 
valve at lower temperatures, it would merely be 
necessary to charge the bellows I2 with a volatile 
?uid which had a lower rate of change of pres- ' 
sure with temperature than the refrigerant used 
in the system so that upon decrease of operating 
temperature the bellows would tend to expand 
"rather than to collapse and thus increase thev 
compression of the spring 23 and with it the 
superheat setting of the valve. It should also 
be obvious that by proper selection of a volatile, 
?uid for charging the bellows 92 the superheat 
‘curve as shown in Fig. 3‘may be compensated in 
either direction to almost any extent for'any 
desired operating temperature. 
Having thus described the invention what is 

claimed and is desired to be secured by Letters 
Patent of the United States is: 

1. In a refrigeration expansion valve. a mov 
able valve member for controlling ?ow of re 
frigerant, thermostatic means cooperable with 
and operable to move said valve member toward 
an open position, spring means urging said valve 
member toward closed position in opposition to 
said thermostatic means and determining the 
superheat setting of said valve, an_expansible and 
contractable-bellows,positioned on the outlet side 
of the valve and charged with a volatile ?uid 
having a different rate of change of pressure 
relative to change in temperature than the re 
frigerant passing through said valve, said bel 

7. iows' being cooper-‘able with said spring means and 
being responsive to the temperature and pres 
sure of refrigerant ?owing from the valve, and 
said bellows expanding and contracting in ac 
cordance with the di?erential of internal and ex 

" ternal pressure therearound to vary the com 



a,su,ses 
7 

pressive force of said spring means and thereby 
to vary-the superheat setting of said valve. 

2. A refrigeration expansion valve comprising 
a valve casing having an inlet passageway and 
an outlet passageway, an internal passageway in 
terconnecting said inlet ‘and outlet passageways 
and having a valve port forming a valve seat, a 
valve member cooperable with said valve seat 
to control flow of refrigerant ?uid through said 
port, said outlet passageway being operable to 
discharge refrigerant ?uid to an evaporator,‘ a 
?exible diaphragm covering one end of said cas 
ing, a dish-shaped cover member secured to said 
casing end and sealing said diaphragm to said 
casing end, said cover member and said dia 
phragm forming an expansible and contractable 
chamber, a thrust rod slidably positioned in said 
casing and extending from said diaphragm to 
said valve member. a tube opening at one end into 
said chamber through said cover member andex 
tending from said cover member, a bulb element 
secured to the other end of said tube and open 
ing into said tube, said bulb element being 
charged with a volatile ?uid and operable to re- , 
spond to the temperature of a refrigerant evap 

- orator by transfer of ?uid pressure through said 
tube to said chamber for actuating said dia 
phragm, said diaphragm being operable in re 
sponse to the differential between ?uid pressure 
from said bulb element and refrigerant pressure 
in said valve to move said thrust rod thereby to 
move said valve member away from said valve 
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seat, a helical spring compressively positioned v 
against said valve member to urge the, same to 
ward said valve seat and determining the super 

- heat setting of said valve, a supporting member 
for said spring, an expansible and contractable 
bellows positioned on the outlet side of the valve 
and charged with a volatile ?uid having a greater 
rate of change of pressure relative to change in 
temperature than the refrigerant ?uid passing 
through said valve, said bellows having an abut 
ment abutting said spring supporting member 
and being operable upon movement to determine 
the compression of said spring, said bellows be 
ing, responsive to the temperature and pressure 
of refrigerant fluid‘ ?owing from said valve port, 
and said bellows contracting in accordance with 
the differential of internal and external pres 
sures therearound to reduce the compressive force 
of said spring at low refrigerant ?uid temperature 
to reduce the superheat setting of said valve 
thereby to compensate for the increase in super 
heat setting of said valve at low temperatures. 

3. In a refrigeration expansion valve, a mov 

45 

able valve member for controlling flow of re 
frigerant, thermostatic means cooperable with 
and operable to move said valve member toward 
an open position, a spring having one end en 
gaging said valve member and urging the same 
toward closed position, the compressive force of 
said spring determining the superheat setting 
of said valve, a sealed thermostatic element in 
cluding‘ an expansible and contractible member 
operatively engageable with and supporting ‘the 
other end of said spring, said thermostatic ele 
ment containing a partial charge of volatile 
liquid having a different rate of change‘ of pres 
sure relative to change in temperature from that 
of-the refrigerant passing through said valve,- and 
said expansible and contractible member being 
positioned for subjection to the temperature and 
pressure of the refrigerant on the outlet side 
of said valve member such that the differential‘ of 
internal and external ?uid pressures acting on 
said .expansible and contractible member de 
termines the compressive force of said spring. 

4. In a thermostatic refrigeration expansion 
valve, a valve casing having a port, a movable 
valve member cooperable with said port to con 
trol ?ow of refrigerant, thermostatic means oper 
able upon temperature increase to urge said valve 
member toward open position, means to compen 
sate for change in the valve superheat setting 
and comprising a sealed thermostatic element in 
cluding a resilient wall member, said element be 
ing partially ?lled with a' volatile liquid having 
a greater rate of change of pressure relative to 
change in temperature than the refrigerant to 
be controlled, said casing having an open cham 
ber on the outlet side of said valve member, said 
wall member being positioned in said chamber 
for response to the temperature and pressure of 
the refrigerant on the outlet side of saidv'alve 
member, and a spring interposed between said 
wall member and said valve and urging said valve 
membertoward closed position, the force ex 
erted by said spring being determined by the 
diiferential of the ?uid pressures acting on the 
opposite sides of said wall member. 
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