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This invention relates to expansior valves and
more particularly to that type of valve known
as - thermostatic expansion valves such as are
commonly employed in refrigerating systems.

" One of the objects of this invention is the pro-
vision of an improved thermostatic expansion
valve of the type which controls the flow of re-
frigerant through the evaporator in a manner

o Mmaintain the refrigerant at the outlet of the
evaporatma@gbsmntlally constant degree of
superheat.

More specifically it is an object of this inven-
tion to provide a thermostatic expansion valve
and operating means therefor whereby the valve
will control the refrigerant through the evap-
orator in such a manner that, regardless of varia-
tions in temperature and pressure, the refrigerant

at the evaporator outlet will be maintained at a-

substantially constant degree of superheat, with
means for adjusting the superheat setting of the

valve without affecting the ability of the valve "

to maintain the refrigerant at a substantially
constant degree of superheat as the témperature
and pressure of the refrigerant vary, at the new
superheat setting of the valve.

© A further object of the invention is the pro-
vision of a thermostatic expansion valve and op-
erating mechanism therefor-whereby the valve
will remain closed Whenever the temperature of
-the refrigerant at the outlet thereof drops to a
predetermined value, regardless of the pressure
existing on the suction side of the refrigeration
system, whereby under light loads of the refrig-
eration system a better control of the humidity
may be effected, as will be more fully explained
hereinafter. '

Other objects and advantages of this invention
will become apparent upon a study of the spec1-

.fication, claims and appended drawings wherein
like reference characters represent like parts in
the various views and wherein,

Figure 1 is a view of one form of expansmn
valve and operating mechanism therefor shown
in a conventional refrigeration system,; with cer-
tain parts shown in cross section,

- Figure 2 is a modification of the valve and
operating mechanism therefor m Figure 1 shown
in cross section;

Figure 3 is a cross-sectional view of a still fur-
ther modification of the valve and operating
mechanism of Figure 1, and

Figures 4 and 5 are views illustrating the tem-
perature pressure curves of two well known re-
frigerants. )

40 is not a straight line.

e

(CL 62—8)

flow ‘of refngerant throtigh an evaporator com-
prised an operating bellows or diaphragm which
responded to the temperature of the refrigerant
within the-evaporator for controlling’ the position

5 of thevalve, the operating bellows or diaphragm

opening the valve upon an ihcrease in tempera-
ture or upon a decrease in pressure. The bellows

or diaphragm also responded to the pressure on
the suction side of the system, the pressure being

10 taken at the he inlet of the-evaporator but the valve

did not properly respond to the s superheat of the

refrigerant at the evaporator outlet because of the -

pressure drop existing within the evaporator,
-particularly on systems using a relatively large

15 or multiple coil type of evaporator, the pressure

drop being variable depending upon the load on
the evaporator, so in order -to make the valve
properly respond to the superheat at the evapo-
rator outlet a connection known as an equalizer

20 connection was provided between the outlet of

the evaporator and the operating bellows or dia-
phragm so that the bellows or diaphragm prop-
erly responded to the pressure at the evaporator
outlet, This arrangement while satisfactorily

258 ' controlling the valve according to the superheat

at the evaporator outlet, did not act to maintain
the superheat at a fixed value as the temperature
and pressure of the refrigerant leaving the evap-
orator varied, so that the effective cooling area

30 of the evaporator, or that portion thereof which

was in a fiooded condition would vary as-the
temperature and pressure of the refrigerant
leaving the evaporator varied.

Upon reference to Figure 4 it will be seen why
35 such valves would mot pruperly maintain the

superheat of the refrigerant leaving the evapo-
rator at a constant value. Curve A shows the

pressure temperature curve for the refrigerant-——

Freon or F-12. It will be noted that this curve
Curves for all known re-
frigerants have the same characteristics as this
curve for Freon. As the temperature of the
saturated refrigerant increases, the bpressure
‘which corresponds to this saturated temperature

45 jncreases at a somewhat faster rate. Thus as

the temperature increases from —20° F, to -10°
F.the pressure increases from approximately 15
Ibs. to approximately 18-Ibs. per square inch or
in other words, the increase in pressure over this

50 range is about 3 lbs. per square inch. On the

other hand, as the temperature of the refrig-
erant increases from 20° F. to 30° F. the pres-
sure corresponding to this temperature increases
from approximately 36 lbs. to 44 Ibs. per square

In the past, expansion va.lves for controlling the 55 inch; or in other words, for this 10° rise in tem-
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perature the pressure increases by approximate-
ly 8 Ibs. In the conventional thermostatic ex-
pansion valve & spring is emplpyed which op-
poses the action of the power or operating bel-

lows or diaphfagm; or in other words, tends to 5

close the valve againhist-the_opening force exerted
thereon due to a rise in %erature. These
springs generally exert a substantia%nstant
force upon the valve and may be adjusted

refrigerant at a given value of temperature, for
example: Assume that it is desired to maintain

a 10° superheat of the refrigerant at the evap-
_orator outlet when the suction pressure is 35

Ibs. The temperature of the saturated refrig-
erant corresponding to this pressure will be ap-
proximately 18° F. as will be noted from curve
A of Figure 4. If the refrigerant is to be main-
tained at a 10° superheat the temperature of the
refrigerant should be 28° and the pressure cor-
responding to this temperature-will~be approx-
imately 43 -lbs;—Accordingly the spring which
opposes the opening of the valve exerts a forcs
equal to the difference of the 35 1bs. suction pres-
sure and the 43 lbs. pressure which corresponds

2,201,898

tion the valve may be made to operate at the
desired degree of superheat. This is done sim-
ply by properly proportioning the bellows or dia-
phragm areas. )
"~ 'The 20° superheat line is represented in. Figure
4 by the reference character E and this curve
has been transposed to Figure 5 and appears 8s
the line F by marking off the distance marked
X between curves A and E of Figure 4, in Fig-

-maintain a certain degree of superheat of the 10 yire-5.__This line also appears as a straight line

but has a somewhat, steeper slope than the line
_C of Figure 5. In valves-employing operating
bellows or diaphragms havingdifferentsizedareas
as shown in the Newton application hereinbe-

15 fore identifled, if the force exerted by-the spring
is increased, the superheat line in Flgure5-

would be above the line D of Figure 4 but since
the spring rate would be the same as before the
superheat line would be parallel with the line

20 D of Figure 5 and if this line were transposed on.

to Figure 4 it would {llustrate that the valve
would not maintain the superheat at a constant
“value for varylng pressures and temperatures.
The amount that the superheat would vary from

25 the desired value would increase as the spring

S

to the pressure of the saturated refrigerant at the __ was adjustéd from the proper setting for which

higher temperature, or in other words, a force

- -equal-to—871bs. As the temperature gradually

decreases at the outlet of the evaporator the

~the valve was designed._ However if the original

loading of the spring and the spring rate are
both properly varied the valve will maintain the

superheat will gradually increase as explained 30 superheat curve, if 20° superheat is desired, along

below. Assume that the pressure at the outlet
of the evaporator drops to 20 lbs., the tempera-
ture of the saturated refrigerant at this pressure
will be approximately —7° F. and if the spring
continues to exert an 8 Ib, closing force the pres-
sure corresponding to the temperature of the
refrigerant will be approximately 28 lbs. -and
the temperature of saturated refrigerant corre-
sponding to 28 Ibs. pressure is approximately 8°
F. Thus the superheat of the refrigerant leav-
ing the evaporator at this lower pressure will
have risen from 10°.F. to approximately 15°
PF. “At this lower pressure therefor the refrig-
erant will be in a greater state of superheat, less
of ‘the evaporator will be in a flooded condition,
so that while the evaporator is operating at'a
lower temperature, the effective cooling surface
thereof has decreased.

The curve B shows the constant 10° superheat -
curve and the vertical distance W between the °
curves A and B shows the actual closing force that
should be exerted on the valve at varying tem-
peratures and pressures in order that the super-
heat existing at the-outlet of the evaporator wiil _
at-all times be constant. This curve B it will-be-*
noted has a curvature somewhat similar to the
curve A but gradually diverging therefrom as the
temperature increases and if the curve A be taken

. as the base line, as shown by the line C of Fig-

ure 5, and the curve B plotted from this line, as ¢
shown by the line D of Figure 5, it will be seen
that the line D is also a straight line. In order’
for the valve to operate along the line D of Fig-
ure 5 which is the constant 10° superheat line,

responds to the temperature of the refrigerant
may be made slightly smaller than the area of
the bellows or diaphragm responding to the pres-

sure, as disclosed in the application Serial No. 70

192,818 filed by A. B. Newton on February 26,
1938. By choosing the proper relative sizes of
the bellows or diaphragms responding to pres-

. sure and temperature and by choosing the prop-
er spring to bias the valve towards closed posi- 75

40

. the line F. This is one of the features of the
present invention. Thus, increasing the spring
loading would move the line D, Figure 5, un-
wardly parallel with itself, and increasing the
spring rate would change the inclination of the
line, so that by properly changing the spring rate
for 20° superheat, the inclination and position
would be changed to that of line F. 'The remain-
ing full line curves of Figure 4 illustrate the 30°
and 40° superheat curves, which curves also ap-
pear as straight lines in Figure 5, but these lines
have increasing inclinations as the amount of
superheat increases. Similar curves for the re-

. Irigerant ammonia are illustrated by dotted lines,
43 the saturated ammonia curve of Figure 4 coin-
““elding with the line C of Figure 5. In this fig-

ure it will be noted that the superheat lines
appear as straight lines in the same way as the
superheat lines for the refrigerant F-12.
Referring now to Figure 1, a refrigeration sys-
tem is illustrated and is shown to comprise a
compressor 10, a condenser {1, a receiver 12, ex-
pansion valve 13, and evaporator |4 connected
together in conventional manner.

orator-t4-and. this valve is shown to comprise a
casing composed of a lower section 20 and an
upper section 2. The section 20 includes an
inlet opening 22 through which high pressure
refrigerant flows.and the outlet opening 23 con-
trolled by the valve element 24. This valve ele-
ment may be suitably supported within the cas-
ing section 20 and is shown to be connected to

.. one-end of a lever 2§ pivoted at 26 and having
the areas of the bellows or diaphragm which =~

the opposite end engaged by the compression
spring 27 which acts to bias the valve towards
closed position. The position of the lever 25 is
controlled by the plunger 30 suitably connected
to the bellows 31 mounted in the upper casing
section 21. A partition 32 separates the two por-
tions of the casing and this partition has an
opening 33 through which the plunger 30 ex-
" tends, there being a suitable sealing bellows 34
for preventing escape of refrigerant into the

The valve {3 -
57 controls the flow of refrigerant through the evap-
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upper portion 21 of the casing. A spring 35 op-
poses the expansion of the bellows 31 and tends
to permit closing of the valye under the influ-
ence of the spring 21.

The beliows 31 is in communicatlon by means
of the capillary tube 38 with a bulb 39 located
within the evaporator outlet, this bulb 39 having
an expansible portion in the form of a bellows
40 for a purpose to be described. The portion
of the evaporator within which the bulb 39 is
mounted has an enlarged portion 41 which forms
a chamber. for the diaphragm 42 which may be
suitably clamped between the enlarged portion
41 and the cover member 43 by means of the
belts 44. The diaphragm 42 is sealed to the
lower portion of the bellows 40 and this dia-

. phragm is normally biased upwardly by means
of the compression spring 45 held between the.

spring retainer 46 fastened to the lower portion
of the diaphragm and the recessed adjusting
screw 850 which is adjustably recewed by the cover
member 43.

As the pressure of the refngerant leavmg the
evaporator increases, the diaphragm 42 will be
ferced downwardly against the force of the spring
45 and this movement of the diaphragm will
cause an expansion of the bellows 40 forming
the lower end of the bulb 39 which will have the
effect of increasing the volume of this bulb.  The
bulb 39, tube 38, and bellows 31 may be provided
with a suitable liquid S11 which will have & sub-
stantially constant volume as long as the tem-

3

ting of the spring 45, that is,.a given loading and
spring rate, the valve 24 will move in a manner -

. to mainiain a constant superheat at the outlet

thereof. Thus with the parts adjusted as shown
in the drawings it may be assumed that the valve
is adjusted to maintain a superheat of 10° using
the refrigerant F-12 so that the valve will con-

_trol the refrigerant according to the curve B of

10

Figure 4 or curve D of Figure 5. )
The adjusting screw 50 is for the purpose cf

adjusting the initial loading of the spring and

this screw may be provided with a suitable point-

* er 54 which may cooperate with suitable indicia

15

20

on the cover 43. Threadedly received by the
screw 50 is an adjusting screw §% having suit-
able stop-meimbers 56 which serve as abutment

.Imembers for those coils of the spring which are

located between the meémbers and the diaphragm
42, By reason of the adjustment of the screw
55, the abutment members 56 move towards or

- away from the diaphragm 42 without changing’ -
. the force of the spring 45 but by increasing or

25

30

decreasing the number of turns between the
members and diaphragm the effective length of
the spring and the spring rate thereof may be
adjusted. This adjusting screw 55 may be pro-
vided with an indicator 60 cooperating with suit-
able indicia on the head of the screw 50 so that
the proper adjustment of screw 55 may be made
for any superheat setting of the valve. Accord-

. ingly if it is desired to increase the superheat
- setting of the valve from 10° to 20°, for example,

perature at the bulb 39 remains constant, so. -

that as the volume of the bulb 39 increases, the
bellows 31 will collapse by an amount corre-
sponding to the increase in volume of the bulb.
This action of the bellows 31 will permit the
valve 24 to move towards closed position under
the influence of the spring 21, thereby reducing
the flow of refrigerant into the evaporator and
causing a reduction in pressure therein. On the

other hand, if the pressure of the refrigerant

should decrease at the evaporator outlet, dia-
phragm 42 will move upwardly, collapsing bel-
lows 40 which reduces the volume of bulb 39,
and bellows 31 will expand a corresponding
amount, thus causing an opening movement of
valve 24, which increases the flow of refrigerant
into the evaporator. It will thus be seen that
the fill in the bulb, tube, and bellows acts as a
hydraulic fransmission means to transmit move-
ments of the diaphragm 42 into movements of
the bellows 31. )

If now the temperature of the refrigerant leav-
ing the evaporator should increase, there will be
an expansion of the liquid fill in the bulb 39

35

40

45

50

which will cause an expansion of the hellows 31

and an opening. movement of the expansion
valve. Conversely, upon a decrease in tempera-
ture of the refrigerant leaving the evaporator,
the volume of the liquid within the bulb 39 de-

60

creases, whereupon the bellows 3! will collapse -

in accordance with this decrease in volume, and
the valve 24 will move towards ciosed position
under the influence of spring 21, thus reducing
the flow of refrigerant to the evaporator. It
should be noted that the area of the diaphragm
42 which responds to the pressure of the refrig-
erant leaving the evaporator is considerably
larger than the area of the bellows 31 which re-
sponds directly to the temperature of the refrig-
erant and also moves in accordance with the
change in pressure by reason of the expansion
or contraction of the bellows 40 and these rela-
tive areas will be so chosen that for a given set-

-7

the adjusting screw 50 will be turned until the

indicator 54 has moved to the proper position '
wherein the loading of the spring 45 has been

increased the proper amount. The adjusting

screw 55 will also be adjusted until the indi-

cator 60 has moved to the position correspond-

ing to the adjustment of the member 50 where-

upon the spring rate has been increased the

proper amount and the valve is now properly

adjusted to maintain the refrigerant leaving the

evaporator at a constant degree of superheat,

namely, 20° F. regardless of normal fluctuations

in temperature and pressure. By adjusting the

spring rate of the spring, the line D was tilted

upwardly until it was parallel with the line F.
and the change in the spring loading moved the

line upwardly until it coincided with the line F,

which line corresponds to the 20° constant super-

heat line E of Figure 4.

In the conventional type of expansion valve,
employing a diaphragm responding to the super-
heat at the evaporator outlet, directly connected
to the valve element, and having a spring op-
posing movement of the 'diaphragm in valve
opering direction, the valve element will assume
a predetermined position for each position of the
diaphragm. In such an arrangement, if the
spring rate of the spring were adjusted, the only’
effect upon the operation of the valve would be
to change the operating differential thereof. -A
change in the loading of the sprlng would change
the amount of superheat that would be main-
tained for a given pressure of the refrigerant at
the evaporator outlet, since, again referring to -
Figure 5, the line D would be moved upwardly
but since the line could not be made to coincide
with the line P, the valve would not maintain the
superheat conctant for varying temperatures and
pressures at the evaporator outlet.

In my arrangement, the diaphragm moves in
response to variations in pressure of the refrig-
erant leaving the evaporator outlet, but varia-
tions in temperature of the refrigerant at the -

! .
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evaporator outlet will have substantially no ef-
fect upon the position of the diaphragm. Except
when the temperature at bulb 33 remains con-
stant, there is no direct relationship between the
position of the diaphragm and the valve position
by reason of the nature of the connections be-
-~tween the diaphragm and the valve element, and
this-is_an important feature of this invention
which contributes-to the new result which is ob-
tained thereby. For any position of the dia-
phragm, the valve position will depend upon the
--temperature of the refrigerant leaving the evap-
orator. The position 6fthe -diaphragm depends
upon the. pressure of the refrigerant leaving_the
evaporator. Furthermore, the position of the—-15
diaphragm for any refrigerant pressure depends
upon the spring loading and the spring- rate
which, if properly adjusted, will cause the valve
‘to maintain any desired degree of superheat, and
maintain the superheat substantially constant
for varying outlet pressures and temperatures.
With this form of valve therefore it will be
apparent that it may be set for different degrees
of superheat by adjusting the loading and spring
rate of the spring 45, and will maintdin the
superheat constant for varying degrees of pres-
sure and temperature. By placing the dia-
phragm 42 at the valve outlet the necessity of-
using the usual equalizer connection is obviated
and the only connection between the valve and
the evaporator outlet which is required is the
tube 38.. This arrangement is made possible
since the pressure responsive diaphragm 42 does
not act downwardly upon the valve but acts
merely to adjust the volume of the bulb 39 which
in turn varies the expansion of the operating bel-
lows 31. It should be understood that any suit-
able cantrol means for the refrigerating appara-
tus may be provided.
- Referring to Figure 2, the valve and operating
mechanism herein illustrated are formed as a
unitary structure as distinguished from the ap-
. paratus shown in Figure 1 in which the bulb
and pressure responsive diaphragm are formed
as a unit separate from the expansion valve it- 45
self. In this form of the invention the valve is
shown to be made of a plurality of sections 70,
11, 12, and 13. The section 710 includes the inlet
opening 14 and the outlet opening 15, the valve
element 716 carried by the lever 17 and pivoted 5
at 18 .cooperating with the opening 15, the valve
being biased towards closed position by means
of the spring 79. ' Clamped between the sections
71 and 12 is & diaphragm 80, the sections 71 and
" 712 being suitably recessed as illustraced to per- 55
mit movement of the diaphragm with respect to
these sections and to form a pressure chamber
above the diaphragm. Connected to the dia-
~ phragm 80 is the plunger 81 extending through
the opening 82 in the section 71, this plunger
acting on the lever 17 so that as the diaphragm
80 moves downwardly the movement thereof is
transmitted by the plunger 81 to the lever 17 to
- move the valve element towards open position.
The space within the section 70 is sealed from
the diaphragm by means of the bellows 83 con-
nected to the plunger 81. The upper portion of
the diaphragm communicates by means of the
passageway 84 with the capillary tube 8% con-
nected to a bulb 86 which'is subjected to the
" temperature of the refrigerant in the outlet of,
the evaporator, this bulb and tube being pro-
vided with a suitable fill which may be a volatile
or liquid fill so that as the temperature of the
refrigerant leaving the evaporator increases, ai 76

(>
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increased pressure will be exerfed downwardly
on the top of the diaphragm 80 which will cause
an opening movement of the valve T6.

Clamped between the sections 72 and 13 is a
diaphragm 90, the under portion of which has
connected thereto a bellows 81 sealed to the sec-
tion 12, as illustrated. The space between the
diaphragm 90 and the section 72 formed by re-
cessing the upper portion of this section is placed
in communication with the outlet of the evap-
orator by means of the port 94 and the tube 95.
The tubes 85 and 95 may be concentrically ar-
ranged as illustrated so that the bulb 86 may
be mounted within the evaporator outlet to more
accurately respond to the temperature of the
refrigerant leaving the evaporator as disclosed
in the above mientioned Newton application.
The diaphragms 80 and 90 are suitably con-
nected together by a tension spring 96 so that
if the diaphragm 98 is moved upwardly by rea-
son of an increase.in pressure at the evaporator
outlet.the tension of the spring 96 will be in-
creased and will cause the diaphragm 80 to move
in the same direction thus permitting movement
of the valve 17 towards closed position. The up-
ward movement of the diaphragm 90 is opposed
by means of a compression spring 108 with which
cooperates adjusting sgrews 101 and 102 for ad-
justing the loading and spring rate of the spring
as illustrated in Figure 1.

It will be noted that the area of the diaphragm
90 is larger than that of the diaphragm 80 which
moves directly in accordance with the tempera-
ture of the refrigerant leaving the evaporator and
while the.bellows 91 reduces the effective area of
the diaphragm 90 it reduces by the same amount
the effective area of tle diaphragm 80 and the
areas of the two diaphragms will be s0 chosen
that with the proper adjustments of the spring
100 the superheat of the refrigerant leaving the
evaporator will be maintained at the desired
value. The diaphragm 90, it should be noted,
does not directly control the position of the valve
171 but when used with a volatile fill in the bulb
86, acts merely to adjust the tension of the spring
96 which exerts a closing force on the valve so
that when the pressure of the refrigerant in-
creases, the tension of this spring is increased and
the diaphragm 80 will move upwardly thus in-
creasing the closing force exerted on the valve
by the spring T9. Similarly upon a decrease in
pressure the downward movement of the dia-
phragm will reduce the force exerted by thé
spring 96 and the diaphragm 80 will move down-~
wardly so that a smaller force must be exerted on
the diaphragm 80 to open the valve. However,
when a liquid fill is used in the bulb 86 and the
chamber above the diaphragm 80, the spring 96
can be omitted without substantially affecting
the proper operation of the valve 16 because a
liquid will tend to remain at a constant volume

-without the assistance of a spring.

Referring now to Figure 3, the structure of the
valve is quite similar to that of Figure 2 except
that bellows replace the operating diaphragms
and that an adjustment is provided for the spring
19. The bellows {40 which has its interior con-
nected to the capillary tube 85 leading to the bulb
86 has one end sealed to the partition 11{ which
divides the valve casing into two chambers which
are in communication by way of the opening 112.

‘Refrigerant enters the opening 113 in the upper -

section of the valve casing and passes through
the opening 112 and outwardly from the valve by
way of the opening ({4 which is controlled by
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the valve element 16. The lower end of the bel- -

lows 110 is connected to a plate member 116
which moves with the hellows and which receives
the compression spring (1T having the adjustable
abutment 118 threadedly received within the clo-
sure member 120 in the lower wall of the valve
casing. The bellows 110 is sealed to the lower
wall of the casing by means of the sealing bellows
121. Carried by the periphery of the plate mem-
ber {16 are pins 122, only one of which- is illus-
trated, which bear against the free arms of the
lever 71T which may be in the form of a yoke, and
downward movement of the plate member by
reason of an increase in pressure within the bel-
lows {10 will cause an upward or opening move-
ment of the valve element 16 against the force of
the closing spring 79.

10

15

Sealed to the upper wall of the partition i1 is

a bellows 125 having its upper end connected to
the plate member 126 which is in turn sealed by
means of the bellows 127 to the closure member
128. The interior of this bellows is in pressure
responsive communication with the outlet of the
evaporator by means of the pipe 85 and the pas-
sageway 94. The plate members {16 and 126
connected to the bellows {10 and 125, respective-
1y, are connected to a tension’spring i35 which
tends to maintain the bellows 110 and {25 in a
collapsed condition. This spring passes through
the opening {86 in the center of the partition 114
and a sealing bellows 137 seals the interior of the
bellows 125 from this opening so that the bellows
{{6 and (25 are properly sealed from one an-
other.

The plate member {26 is biased downwardly
by means of the spring (00 having adjusting
means i6f and {82 similar to that shown in
Figure 2. The bellows {10 and 125 will be kept
in a warm condition at all times since they are
surrounded by high pressure refrigerant enter-
ing the inlet {13 as.is apparent from the draw-
ings. The seal-off bellows {21 and 127 prevent
the pressure of the high pressure refrigerant from
effecting” the operation of bellows uo and 125,
respectively.

- The operation of this valve is substantmlly the
same as that of Figure 2 since an increase in
‘pressure will cause expansion of the bellows 125
and upward movement of the plate member (26
which will increase the tension in the spring 135
which will tend to allow movement of the valve
104 towards closed position. Upon an increase in
temperature of the refrigerant at the evaporator
outlet’ the bellows 110 will expand, moving the
plate member {16 downwardly thus causing open-
ing movement of the valve 16. The bellows 110
which responds to the temperature of the refrig-
erant is made of smaller area than the bellows
115 so that in cooperation with the spring 106 the
* desired values of superheat of the refrigerant at
the evaporator outlet will be maintained constant
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5
low that the force of the spring 19 in Figure 2 or
the springs 19 and 17 in Figure 3 is not over-
come the valves will remain in closed positions.
A certain amount of force is of course required
to overcome springs 79 and {17 and the evapo- .
rator temperature may drop so low that the re-
quired force on diaphragm 88 or bellows {10 may
not be developed and the valves will remain
closed.
. This will normsglly happen only when the load
thereon becomes very light. When this hap-
pens however the temperature of the refrigerant
leaving the evaporator may drop below a certain
value whereupon the valves will close entirely
and will not open again until this temperature
has risen above this value.” Before this happens
however the pressure within the evaporator will
continue to drop so that the superheat at this
time at the outlet of the evaporator will increase
and the evaporator coil will gradually become
more and more starved. The ratio of latent
cooling to sensible cooling will thus increase by
reason of the dithinishing effective coil area and
the simultaneous reduction in pressure in the
evaporator which is very desirable under light
The spring ({7 in Figure 3 is
made adjustable so that the temperature at
which the valve is closed regardless of the pres-
sure may be adjusted according to the require-
ments of the system. It should of course be un-
derstood that the spring 19 of Figure 2 may, if
desired, also be made adjustable for the sanie
purpose.

It will accordingly be seen that the valves of
Figures 2 and 3, besides operating to maintain

- constant any desired degree of superheat over

a normal operating range, also operate to pre-
vent the flow of refrigerant to the evaporator
whenever the temperature of the refrigerant at
the outlet thereof drops below a predetermined
value. This is made possible by reason of the
novel arrangement of the operating bellows or
diaphragms, the one responding to the pressure
of the refrigerant not being directly connected to
the valve but merely acting upon a tension
spring which acts to vary the opening force
thereon exerted by the temperature responsive
bellows or diaphragm. This novel arrangement
therefore serves two purposes, namely, it permits
the adjustment of the superheat setting of the
valve so that different constant degrees of su-
perheat may be maintained and it permits auto-
matic closing of the valve whenever the temper-
ature of the refrigerant leaving the evaporator
drops sufficiently low regardless of the suction

" pressure.

60

regardless of normal ﬂuctuatmns in temperature

and pressure.
In both Figures 2 and 3, if the temperature of
the refrigerant at the evaporator outlet should

become sufficiently low, the diaphragm 80 or bel-.

Tows 118 will not exert sufficient force to open
the valve against the closing force exerted by the
spring 19 in Figure 2, or the springs 19 and 117
in Figure 3, regardless of how low the pressure
becomes. In other words, these springs 96 and
135 connecting -the operating bellows or dia-
phragms may exert no force whatever because
the pressure of the refrigerant has dropped so
low, but if the temperature has also dropped so
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Having described some preferred forms of my
invention it will be obvious that many modifica-
tions will become apparent to those skilled in
the art and I therefore wish it to be understood
that my invention is limited only bv the scope
of the appended claims.

I claim as my invention:

1. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrig-
erant through said evaporator, means responsive
to a pressure corresponding to the temperature
of the refrigerant at the evaporator outlet for
adjusting the position of said ' valve means,
means responsive to the pressure of the refrig-
erant at the outlet of the evaporator for modify-
ing said first responsive means in a manner to
maintain the refrigerant leaving the evaporator .
at a substantially constant degree of superheat
as the temperature and pressure of the refrig-
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‘erant leaving the evaporator vary, and means
for modifying the action of one of sald last
named means in a manner to cause the valve to
maintain a different substantially constant de-
gree of superheat of the refrigerant at the evap-
orator outlet for varying temperatures and pres-
sures of the refrigerant at the outlet.

2. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrig-
erant through said evaporator, means responsive
to the temperature of the refrigerant leaving the
evaporator controlling the position of said valve
means, means responsive to the pressure of the
refrigerant on the suction side of the system for
- modifying the effect of the temperature respon-
. sive means, spring means cooperating with the
pressure responsive means, means for adjusting
the loading and spring rate of said spring means,
to cause the refrigerant at the evaporator outlet
to be maintained at a substantially constant de-
gree of superheat which varies in accordance
with the spring rate and loading on said spring
means but which does not vary appreciably with
normal changes of temperature or pressure of
the refrigerant at the evaporator outlet.

3. In a refrigeration system, an evaporator,
valve means for controlling the fiow of refrig-
erant through said evaporator, means respon-
sive to the temperature of the refrigerant leav-
ing the evaporator controlling the position of
said valve means, means responsive to the pres-

sure of the refrigerant on the suction side of the -
system for modifying the effect of the temper- -

ature responsive means, spring means cooperat-
ing with the pressure responsive means, means
for adjusting the loading and spring rate of said
spring means, to cause the refrigerant at the
evaporator outlet to be maintained at a sub-
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movement of said valve means upon a rise in
pressure occasioned by a rise in temperature at
said bulb, means responsive to the pressure of the
refrigerant at the evaporator outlet for varying -
the volume of said bulb to vary the effect of the -
temperature of the refrigerant leaving the evap-
orator on the position of said valve means, and
means controlling the change in volume of said
bulb for a given change in pressure of the re-
frigerant at the evaporator outlet in a manner to
maintain the superheat of the refrigerant leaving
the evaporator at a substantially constant value
regardless of normal variations in the pressure
or temperature of the refrigerant at the evapo-

rator outlet.

6. In a refrigeration system, an evaporator,
valve means for- controlling the flow of refrig-
erant through the evaporator, pressure respon-
sive means for controlling the position of said
valve means, a fluid filled expansible and con-
tractible bulb responsive to the temperature of
the refrigerant leaving the evaporator in com-
munication with said pressure responsive means,
said pressure responsive means causing opening '
movement. of said valve means upon & rise in
pressure occasioned by a rise in temperature at
said bulb, means responsive to the pressure of
the refrigerant at the evaporator outlet for vary-
ing the volume of said bulb to vary the effect of
the temperature of the refrigerant leaving the

_ evaporator on the position of said valve means,

33

stantially constant degree of superheat which -

varies in accordance with the spring rate and
loading on sald spring means but which does not
vary appreciably with normal changes of tem-
perature or pressure of the refrigerant at the
evaporator outlet, and means urging the valve in
closing direction for preventing opening of the
valve means whenever the temperature of the
refrigerant at the evaporator outlet drops to a
predetermined value irrespective of the pressure
of the refrigerant at the evaporator outlet.

4. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrig-
erant through the evaporator, pressure respon-
sive means for controlling the position of said
valve means, a fluid filled expansible and con-
tractible bulb responsive to the temperature of
the refrigerant leaving the evaporator in com-
munication with said pressure responsive means,
said pressure responsive means causing opening
- movement of said valve means upon a rise in
- pressure occasioned by a rise in temperature at
said bulb, and means responsive to the pressure
of the refrigerant at the evaporator outlet for
varying the volume of said bulb to vary the ef-
fect of the temperature of the refrigerant leav-
ing the evaporator on the position of said valve
means. ’

5. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrig-
erant through the evaporator, pressure respon-
sive means for controlling the position of said
valve means, a fluid filled expansible and con-
tractible bulb responsive to the temperature of
the refrigerant leaving the-evaporator in com-
munication with said pressure responsive means,
-sald pressure responsive means causing opening
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and means controlling the change in volume of

" said bulb for a given change in pressure of the

refrigerant at the evaporator outlet in a manner
to maintain the superheat of the refrigerant
leaving the evaporator at a substantially con-
stant value regardless of normal variations in
the pressure or temperature of the refrigerant at
the evaporator outlet, said last named means in-
cluding a spring and means for individually ad-
justing both the loading and spring rate of said
spring.

7.In a refngeration system, an. evaporator,
valve means for controlling the flow of refrig-
erant through the evaporator, a pressure re-
sponsive means acting on said valve means and
causing opening movement thereof as the pres-
sure to which the pressure responsive means is
subjected increases, a bulb having an expansible
fluid fil having its interior in communication
with said pressure responsive means, said bulb
being located within the outlet of the evapo- -
rator whereby it is subjected fo the temperature
of the refrigerant leaving the evaporator, said
bulb being in communication with an expansible
bellows, means responsive {o the pressure in the
outlet of the evaporator sealing said bellows and
arranged to cause the expansion of said bellows
upon a rise in pressure in the evaporator out-
let, and biasing means. opposing movement of
said last named pressure responsive means, -

8. In a refrigeration system, an evaporator,
valve means for confrolling the flow of refrig-
erant through the evaporator, operating means
for controlling the position of said valve means,
said operating means including a first pressure
responsive means operatively connected to said
valve means, a second pressure responsive means,
resilient means connecting said pressure respon-
sive means and biasing the same towards one
another, and means subjecting the adjacent por-
tions of the pressure responsive means respec-
tively to a pressure corresponding to the tem-
perature of the refrigerant at the evaporator out-
let and to the pressure on the suction side of
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the refrigeration system so as to urge said ad-

jacent portions away from each other. =
9. In a refrigeration system, an evaporator,

valve means for controlling the flow of refrig-

erant through the evaporator, operating means &

for controlling the position of said valve means,
said operating means including a first pressure .
responsive means operatively connected to said
valve means, a second pressure responsive means,

resilient means connecting said pressure respon- 10

sive means and biasing the same towards one
another, means subjecting the adjacent portions
of the pressure responsive means respectively to
a pressure corresponding to the {emperature of

the refrigerant, at -the evaporator .outlet and to 18

the pressure on the suction side of the refrigera-
tion system, additional springs means for bias-
ing the second temperature responsive means
towards the first pressure responsive means, and

means for varying the loading a.nd the spring 20

rate of said springs means.

10. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrig-
erant through the evaporator, operating means

for controlling the position of said valve means, 25

said operating means including a pair of ad-
jacent substantially parallelly arranged .dia-
phragms, means sealing the adjacent faces of
said diaphragms from one another, resilient

means connecting said diaphragms and biasing 8¢

the same towards one another, one of said dia-
phragms being connected to said valve means,
means subjecting the inner face of said one dia-
phragm to g pressure corresponding to the tem-

perature of the refrigerant at the outlet of the 35

evaporator, and means subjecting the inner face’

of the other diaphragm to the pressure on the -

suction side of the refrigeration system. :
11, In a refrigeration system, an evaporator,

valve means for controlling the flow of refrig- 40

erant through the evaporator, operating means
for controlling the position of said valve means, -
said operating means including a bellows having
a movable portion operatively connected, to said

bellows to & pressure corresponding to the tem-
perature of the refrigerant at the outlet of the
evaporator, means urging the movable portion of
said bellows in a valve closing direction, said

means including a member movable in response 50

to variations in pressure on the suction side of
the refrigeration system and means comprising &
tension spring connecting said member to the
movable portion of said bellows.

12. Tn a refrigeration system, an evaporator, 55

valve means for controlling’ the flow of refrig-
erant through the evaporator, operating means
for conirolling the position of said valve means,
said operating means including a bellows having
a movable portion operatively connected to said
valve, means subjecting the interior of said
bellows to a pressure corresponding to the tem-
perature of the refrigerant at the outlet of the -

evaporator, means urging the movable portion gs

of said bellows in a valve closing direction, said
means including 2 member movable in response
to variations in pressure on the suction side of
the refrigeration system and connected to’the

movable portlon of said bellows by a tension 70

spring, the effective area of said bellows being
smalier than the cffective area of said pressure
responsive member, spring means urging said.
member in o direction to decrease the tension of
said spring, means for adjusting the spring rate

75

- of said spring means, and additlonal means for

adjusting the loading of said spring means.

13. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrigerant
through the evaporator, means forming an ex-
pansible chamber having a pair of movable wall
portions, tension means urging said wall por-
tions towards one another, means operatively
connecting one of said wall portions to the valve
means, means subjecting the interior of said
chamber to & pressure corresponding to the tem-
perature of the refrigerant at the evaporator
outtlet, and means urging said other wall portion
in a direction to increase the tension of said
tension means in response to an increase in pres-
sure on the suction side of the refrigeration sys-
tem.

14. In s refrigeratlon system, an evaporator,
valve means for controlling the flow of refriger-
ant through the evaporator, means forming an
expansible chamber having a pair of movable
wall portions, tension means urging said wall por- -
tions towards one another, means operatively
connecting one of said wall portions to the valve
means, means subjecting the interior of said

-chamber to a pressure corresponding to the tem-

perature of the refrigerant at the evaporator
outlet, means urging said other wall portion in_
8 direction to increase the tension of said ten-
sion means in response to an increase in pressure
on the suction side of the refrigeration system,
and adjustable spring means urging said second
wall portion in & direction to decrease the tension
of said tension means.

15. In a refrigeration system, an evaporator,
valve means for controlling the flow of refrigerant
through the evaporator, an operating member for
said valve means, means responsive to the pres-
sure of the refrigerant on the suction side of the
refrigeration system, hydraulic force transmitting
means for transmitting movements of said pres-
sure responsive means to said valve means, said
hydraulic force transmitting means including an

, , , 1 . expansible fiuid, a portion of said expansible fluid
valve, means subjecting the interior of said 43 P P D

being subjected to the temperature of the refrig-
erant leaving the evaporator whereby said valve
means also moves in response to variations in
temperature of the refrigerant at the evaporator
outlet.

16. In a refngeratmg system, an evaporator,
valve means for controlling the flow of refriger-
ant through said evaporator, means résponsive to
the pressure and temperature of the refrigerant
leaving the evaporator for controlling the valve
to maintain the refrigerant leaving the evapora-
tor at a substantially constant degree of super-
heat, said last means embodying means for com-
pensating for variations in evaporator pressure
so that the degree of superheat remains constant
even though the evaporator pressure varies,
means for adjusting the second mentioned means
for varying the degree of superheat to be main-
tained by adjusting the responsiveness of said re-
sponsive means, said adjusting means embodying
secondary adjusting means cooperating with said
compensating means whereby variations in evap-
orator pressure are compensated for at the ad-
justed value of superheat so that degree of super-
heat may be maintained constant at selected val-
ues irrespective of evaporator pressure.

17. In a refrigerating system, an evaporator,
valve means for controlling the flow of refriger-
ant through said evaporator, means responsive
to the pressure and temperature of the refrig-
erant leaving the evaporator for controlling the




" valve to maintain the refrigerant leaving the
evaporator at a substantially constant degree of
superheat, said last means embodying means for

compensating for variations in evaporator pres-
sure so that the degree of superheat remains

constant even though the evaporator pressure

varies, means for adjusting second mentioned
means for varying the degree of superheat to
be maintained by adjusting the responsiveness of
, said responsive means, said adjusting means em-
bodying secondary adjusting means, cooperating
with said compensating means whereby varia-
tions in evaporator pressure are compensated for
at the adjusted value of superheat so that degree
of superheat may be maintained constant at se-
lected values irrespective of evaporator pressure,
said secondary adjusting means comprising an
adjustable spring having means for adjusting. its
spring rate.’

18. In apparatus of the character described, in
combination, refrigerant circulating means in-
cluding an evaporator, valve means controlling
the supply of refrigerant to the evaporator, said
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valve means including a pressure chamber hav-
ing a movable wall portion, means communicat-
ing evaporator pressure to said chamber urging
said wall portion in one direction, means form-
ing a second pressure chamber having a movable
wall portion, means producing a pressure.in said
last chamber corresponding to the temperature
of refrigerant at the outlet of the evaporator,
resilient means opposing movement of one of said
wall portions, yieldable means interposed between
said movable wall portions and a valve member
connected to one of said wall portions adapted to
assume a position depending on both wall por-
tions, and said resilient means comprising a

-spring having manual means for adjusting both

its loading and spring rate, the valve means be-
ing arranged to maintain a constant number of

- degrees of superheat at the outlet of the evapo-

rator even though the evaporator pressure varies,
the number of degrees of superheat depending on
the adjustments of said manual means.

GIFFORD 1. HOLMES.



