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My invention pertains to feed controlling means
for regulating the flow of refrigerant from the
high side to the low side of expansion refrigerat-
ing systems, and more particularly to pressure

5 differential actuated refrigerant feed valves.

It is an object of my invention to provide re-
frigerant regulating means between the high side
and the low side of an expansion type refrigerat-
ing system to regulate the relation of the re-

10 frigerant therein comprising means for applying

‘the pressure of the high side refrigerant to re-
act upon & movable member in opposition tc a
biasing spring, means for 2pplying the low side

- refrigerant pressure to react upon said movable

15 member in aiding relation with the biasing spring
end refricerant fiow controlling means arranged
for passing refrigersnt to the low side in ac-
cordance with the movements of said member and

"also for unloading the compressor for easy stari-

20 Ing.

) it is also an object of my invention to provide &
refrigerant feed valve comprising a valve casing
for receiving the high pressure liguid refrigerant
to be regulated and applying its pressure to re-

o5 act upon = diaphragm like member having &
fiexible bellows portion and a refrigerant passing
valve actuated thereby in conjunction with con-
duit means for applying the pressure set up by
the pessed refrigerant to ald in biasing sprin;

ap in opposing the unregulaied pressure. ) :

1t is & further object of my invention to pro-

vide o refrigerant regulating valve comprising &

cylinder for recelving high pressure refrigerant-

" . in one end thereof for moving a piston in opposi- :

35 tion to o biasing spring and in cooperative rela-
" tion with o relatively moveble valve member
which opens to pass refrigerant through the
niston to the other end of the cylinder where its
pressure alds the biasing spring and from whence

a0 it s conveniently conducted to the low or regu-

lated side of ¢he system and arranged for un- .

joading the compressor during off periods.
Another object of my invention is to provide
‘» vefrigerant regulating valve of the above type
45 wherein the flow regulating arrangement com-
prises a recess extending through a side wall of
the cylinder from one end of the cylinder to &n
aperture disposed in an intermediate portion of

)

the side wall whereby it is covered or exposed to

50 admit the refrigerant in accordance with the

movements of the piston in response to opposing
pressure differences to which it is subjected.

The invention itself, however, both as to its

organization and ifs method of operation, to-

55 gether with additional objects and advantages

_-thereof, will best be understood from the follow-

ing description of specific embodiments, ‘'when
read in conjunction with the accompanying
drawing, in which
Fig, 1 is a view partly sectional and partly &
diagramatic showing an embodiment of my re-
frigerant feed valve arranged for controlling the
flow of refrigerant from the high side to the low
side of an expansion type refrigerating system;
and 10
Figs. 2 and 3 are sectional views showing modi-
fications of my feed valve structure. -
Referring . more particularly to Fig. 1 of the
drawing, the apparatus comprises an evaporator
{ for absorbing heat by vaporizing & volatile Hauld 15
refrigerant which is supplied thereto from a suit-
able source. As ilustratively represented the
source of refrigerant may be & motor driven com-
pressor 3 which withdraws the refrigerant vapor
from the evaporator through a suction line §, 9o
compressing 1t through suitable heat dissipating
condenser coils 7 where its latent heat of
vaporization is disbursed thereby recondensing it
to g liguid. From the condenser 7 the liquefied
refrigerant is supplied to the low side of the g5
system through my automatic refrigerant feed
valve 10 which is interconnected therehetween.
The compressor 3 is preferably controlled to
operate and supply & suitable guentity of re-
frigerant to the system for maintaining & pre- go
determined temperature adjacent the evaperator
by meens of a thermostat switch i1 which is con-
trolled by @ thermo-bull 18 for inteérmittently
energizing from the service lines Ll and L2 an
electric motor (5 which drives the refrigerant 35

- compressor in g well known manner.

The refrigerant feed valve (0 which is inter-
connected by the high side and the low side of the
refrigerating system for regulating the relations
of the refrigerant therein, comprises & pair of 40
valve casings 17.and 9 having abutting lateral
flanges 2! which are clamped together by suit-
able bolts or screws 22 to clamp the edges of &

flexible metallic diaphragm member 23 whersby

the enclosure is hermetically sealed and divided 43
into two compartments. The diaphragm com-
prises & flexibie bellows portion 25 haying a rela-
tively rigid bellows head 27 which carries a valve
stem 29. The valve stem is rigidly secured to the
bellows head in any suitable manner, as by weld- 50

" ing, and projects for cooperative engagement in a

valve seat 31, which is disposed in a wall of the
valve casing. From the valve seat 31 an aperture
33 extends through the bottom valve casing wall
{9 which is provided with a suitable connecting §§
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zture 35 for conveniently conmecting with the
conduit 37 through which the refrigerant is sup-
plied to the low side of the system. The valve
29 is normally biased towards flow obstructing
position by a biasing spring 39 which is compressed
between the bellows head 27 and an adjustable
stop 40 in the opposite wall of the upper half of
the valve casing (7. The adjustable stop 40 is
pivetally mounted on the end of a threaded pin
42 which screws into a threaded aperture in the
end wall of the valve casing. After the pin has
been turned by & screw driver to adjust the bias-
ing spring 3% for desirable operating characteris-
tics in the system, a metallic cap 44 is hermetically
sealed on shoulders 46 provided around the outside
of the aperture to prevent leakage.

The lower valve casing wall 18 is alsc provided
with a suitable pipe fitting 41 by which it may be
readily connected with the conduit 43 for re-
ceiving the liquefied refrigerant from the high
side of the system. From the upper compartment
of the valve, a passage 45 extends through the
diaphragm clamping shoulder 47 through the wall
of the lower half of the valve casing to the oui-
let 33 leading from the valve seat 3! to the low
side of the system. For convenient assembly the
refrigerant feed valve {8 may preferably be posi-
tioned directly on the evaporator. The area of
the bellows head and the tension of the biasing
spring 89 are suitably selected to discharge high
pressure impulses caused by the compressor draw=-
ing unusually large charges of refrigerant vapor
from the vapor filled evaporator when starting.
In this manner the abnormally high starting loads
are avoided and a smaller motor may be used for
driving the compressor.

In operation the thermostatic switch f starts
the compressor-in response to abnormally high
temperature adjacent the evaporator {. As the
compressor operates, the liquefied refrigerant
passing into the low compartment of feed valve
creates a pressure which distorts the flexible bel-
lows member 25 in opposition to the biasing spring
39. This moves the valve 28 away from the valve
seat 3! and passes a quantity of refrigerant
through the conduit 37 to the low side of the sys-

tem. As the passed liquid refrigerant enters the -

evaporator, it is vaporized, thus absorbing heat
and providing the desired refrigeration.

The vaporization of the liquid refrigerant in
the evaporator produces an increasing pressure in
the low side of the system including the refrigerant
line 37 which is connected from the valve seat of
As this pressure builds up it
is also applied through the differential passage
45 in the valve casing wall into the upper com-
partment of the feed valve [0 where it aids the
biasing spring 3¢ in opposing the pressure applied
on the lower side of the diaphragm, As the pres-
sure builds up on the low side of the system it
eventually reaches such a value that the force
applied by it on the upper side of the diaphragm
added to the force applied thereon by the biasing
spring’ 8¢ equals or slightly over balances the
force exerted on the lower side of the diaphragm
by the high pressure refrigerant, and the valve is
then moved into engagement with the seat thereby
restricting the flow of refrigerant irom the high

. side to the low side of the system."

70
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When the flow of refrigerant from the high side
has been restricted by the above operation the

 refrigerant tends to build up a high pressure
~therein but in my arrangement this dangerous

condition is eliminated because the increased pres-

- “lower cylinder head 57.

sure on the lower side of the disphragm again
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overbalances the force of the biasing spring 38
and the refrigerant pressure applied on the upper
side of the diaphragm thus opening the valve 29
and discharging sufficient of the high side liquid
refrigerant to the low side of the system to regu-
late the pressure. In this manner my refrigerant
feed valve operates to automatically regulate the
refrigerant to maintain a predetermined pressure
difference between the two sides of the system,
and there is no danger of excessively high pres-
sures accumulating on the high side before the
thermostat switch {{ responds to the low tempera-
ture adjacent the evaporator [ and stops the
operation of the compressor 8.

When the temperature adjacent the evaporator
unit | has been lowered to a predetermined value
the thermostat switch {{ automatically operates
to deenergize the electric motor and stop the op-
eration of the compressor. The compressor now
remains inactive for a period of time which de-
pends upon the quantity of refrigerant in the low
side of the system and the heat load thereon. -

After the compressor has been stopped, the con-
tinued vaporization of the liquid refrigerant in
the low side of the system gradually increases the
pressure therein, and because this pressure is sup-
plied to the upper comparitment of the feed valve
0 in aiding relation with the biasing spring 39,
the valve is thereby seated more firmly in flow
restricting engagement with the valve seat. Since
this condition tends to maintain the extremely

. high pressures which were created in the high

side of -the system by the compressor just before

it stopped, and since the evaporator becomes

heavily charged with vapor when the compressor

- is idle, the subsequent starting operation produces

very high pressure pulsations in the system. By
a suitable adjustment the selection of the bellows
and biasing spring the valve releases the extreme

high -pressures and unloads the compressor,.

‘thereby avoiding an abnormally heavy starting

- load on the motor 15.

The flexible bellows diaphragm 23, 25 of my
feed valve is suitably selected to function as a
rupture: diaphragm. in case of a sticking valve
whereby it safely releases the high pressure re-
frlgerant from the high side to the low side with-
out danger of releasing refrigerant from the sys-

" tem and also avoiding injury to other parts of the

system... ,
The differential passage 45 extending through
the wall of the refrigerant feed valve casing

- may be replaced by a small conduit externally

connected from the upper compartment to the
low side conduit 37 if desired,

In acéordance with another embodiment of my
invéntion the differential pressure responsive ac-

~.tuating member comprises a piston 51 which is
slidably disposed in a suitable cylinder 53, as

shown in Fig. 2 of the drawing. The open ends
of the cylinder 53 are threaded for receiving cyl-
inder heads 55 and 57 which are also screw
threaded for engagement therein to close the
open ends of the cylinder. The piston member 5{
comprises a disc like portion having a depending
cylindrical - skirt. A compression spring 59 is

. concentrically disposed in the skirt portion of

the piston to react between the piston and the
An orifice 6{ is provided
through the piston 5{ for discharging the refrig-
erant from one side to the other. The orifice
comprises a valve seat which is adapted to coop-
eratively receive 2 valve 63 supported on the up-
per side of the pistonon a valve stem 65 which
externids through the orifice to a pedestal 67 rest-
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ing upon the lower cylinder head §7. The piston,
the valve stem and the biasing spring are thus
disposed in concentrical relation whereby the
spring 58 tends to move the piston valve seat to
cooperatively engage the valve 63 and restrict the
flow of refrigerant therethrough. The upper
cylinder head 55 is provided with a fitting 11 for
conveniently connecting the conduit 43 from the
high side of the system, and the bottom cylinder
head 57 is provided withr a similar pipe fitting
11 for convenient connection with the conduit 37
through which it passes refrigerant for supplying
the low side of the system. The diameter of the
piston 51 is so selected that an appreciable
amount of leakage is provided whereby the high
side pressures are gradually unloaded during the
off periods to provide for easy starting.

In operation the high pressure refrigerant ap-
plies a force on the upper end of the piston 51
which tends to push the piston down thus carry-
ing the valve seat away from the valve 63 and
discharging refrigerant in the low side of the
system. As the passed refrigerant vaporizes in
the low side of the system it provides an in-
creased pressure therein which, being also ap-
plied to the lower side of the piston, aids the
biasing spring 59 in opposing the force applied
by the high pressure refrigerant from the high
side of the system. Thus, the sum of the forces
acting on the low side of the piston 51 eventually
overbalances the pressure on the upper side of
the piston which then closes the valve and re-
stricts the flow of refrigerant. An accumulation
of excessive high pressure is avoided because the
device operates as & constant pressure differ-
ential regulator and increasing pressure on the
high side will reopen the valve to discharge re-
frigerant again into the low side. The operation
of the compressor is thus safely continued until
the thermostat control il has operated to stop
the compressor.

The refrigerant flow controlling means which
is actuated by the movements of the piston may
comprise a recess 81 in the side wall of the cyl-
inder 82, as shown in Fig, 3. The refrigerant
controlling recess extends from the lower end of
the cylinder to a point preferably adjacent the
normal position of the piston 83 in the cylinder
whereby its movement opens or closes the upper
end of the recess to pass or restrict the flow of
refrigerant. As shown the refrigerant control-
ling recess 83 may comprise a channel extending
within the cylinder wall and terminating at op-
posite ends in orifices which open into the cyl-
inder. As shown the lower orifice 85 opens adja-
cent the low end of the cylinder and the other
orifice 81 is opened into the cylinder at an in-
termediate position where it will be covered or
uncovered in accordance with the movements of
the piston 83 in the cylinder. In this embodi-
ment the end of the piston 83 is solid and the
piston is of suitable size to provide a desirable
amount of leakage for unloading the compres-
sor. A compressior. spring 88 is provided in the
piston for reacting in opposition to the high
pressure refrigerant, as in the preceding modifi-
cations, and its connection and operation in the
system is similar.

It will be seen that I have provided refriger-
ant feed controlling means of simple construction
for regulating the flow of refrigerant from the
high side to the low side of the expansion refrig-
erating systems and providing for easy starting
of the compressor.

Aside from the specific embodiments of the in~
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vention herein shown and described, it will be

understood that numerous details of the con- -

struction may be altered or omitted without de-
parting from the spirit and scope of the inven-
tion as disclosed and claimed, and that I do not
desire to limit the invention to the exact construc-
tions herein set forth.

I claim as my invention:

1. A refrigerant feed valve comprising a flex-
ible diaphragm like member, means for applying
high pressure refrigerant from a refrigerant
source to distort said member, refrigerant flow
controlling means arranged for passing a portion
of the high pressure refrigerant in accordance
with the distortion of said member, and means
for applying the pressure set up by the passed
refrigerant to oppose the distortion of said mem-
ber by the high pressure refrigerant.

2. A refnigerant feed valve comprising a valve
casing, a metaliic diaphragm like member having
a flexible bellows portion, an aperture compris-
ing a valve seat in a wall of said valve casing,
a valve disposed from the movable head of said
bellows for cooperative movement adjacent said
valve seat in accordance with the distortion of
the bellows, a biasing spring compressed between
the movable end of said bellows and an opposite
wall of said valve casing whereby the valve is
biased to its closed position, and means for ap-

plying unregulated pressure on the side of said ¢

diaphragm adjacent said valve and regulated
pressure on the opposite side whereby the valve
operates to maintain a constant pressure differ-
ential.

3. A refrigerant feed valve comprising a cylin-
der, a piston slidably disposed therein, biasing
means for urging said piston toward one end of
said cylinder, an inlet for applying high pressure
refrigerant from a refrigerant source to move
said piston in opposition to said biasing means,
refrigerant flow controlling means arranged for
passing a portion of the high pressure refrigerant
to the opposite side of the piston in accordance
with the movements thereof in opposition to said
biasing means, and an outlet from which refrig-
erant may be conducted to the low side of a re-
frigerating system.

4. A refrigerant feed valve comprising a cylin-
der having open threaded end portions, threaded
cylinder heads for closing the open threaded end
portions of said cylinder, a piston slidably dis-
posed in said cylinder, said piston comprising a
disc like portion having a depending cylindrical
skirt, a compression spring concentrically dis-
posed in the skirt portion of said piston to react
between the piston and the adjacent cylinder-
head, an ‘inlet for applying high pressure refrig-
erant from a refrigerant source to move said
piston in opposition to said spring, refrigerant
flow controlling means arranged for passing a
portion of the high pressure refrigerant to the op-
posite side of the piston in accordance with the
movements thereof in opposition to said biasing
means, and an outlet whereby the refrigerant
passed to the other end of the cylinder may be
conducted to the low side of a refrigerating sys-
tem.

5. A refrigerant feed valve comprising a cylin-
der, a piston slidably disposed therein, cylinder
heads for closing the ends of said cylinder, bias-
ing means for urging said piston toward one end
of said cylinder, an inlet in one of said cylinder
heads for applying high pressure refrigerant from
a refrigerant source to move said piston in oppo-
sition to said biasing means, refrigerant flow con-
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trolling means comprising a recess in the side
wall of the cylinder for passing a portion of the
high pressure refrigerant to the opposite side of
the piston in accordance with the movements
thereof in opposition to sald biasing means, and
an outlet in the other cylinder head from which
refrigerant may be conducted to the low side of a
refrigerating system,

6. A refrigerant feed valve comprising a cylin-
der, a piston slidably disposed therein, cylinder
heads for closing the ends of said cylinder, bias-
ing means for urging said piston toward one end
of said cylinder, an inlet in one of said cylinder
heads for applying high pressure refrigerant from
a refrigerant source to move said piston in op-
position to said biasing means, refrigerant flow
controlling means comprising a valve seat in the
piston and a relatively movable valve member
arranged for passing a portion of the high pres-
sure refrigerant to the opposite side of the piston
in accordance with the movements thereof in op-
position to said biasing means, and an outlet in
the other cylinder head from which refrigerant
may be conducted to the low side of a refrigerat-
ing system.

7. In combination in a refrigerating system an
evaporator_for absorbing heat by vaporizing a
volatile liquid refrigerant, an intermittently actu-
ated compressor for supplying liquefied refriger-

g T s
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ant thereto, and refrigerant feed regulating means

connected therebetween comprising pressure re=--

ducing means to maintain a predetermined re--

frigerant relation between the low side and the
high side of the system during running periods
and said regulating means also including coop-
erating surfaces spaced for conducting high pres-
sure refrigerant to the low pressure side to un-
load the compressor when the compressor is at
rest.

8. In a refrigerating system, a high side com-
prising a source of volatile liquid refrigerant, a
low side comprising an evaporator for absorbing
heat by vaporizing the liquid refrigerant, and

means responsive {Q_the pressure ce be-
tween the high side and the low side for regu-
_lating the flow of f refrigerant therebetween, com-
prising a movable member, a spring biasing said
member, means for applying high pressure refrig-
erant from the high side of the system to move
said member in opposition to said biasing spring,
refrigerant flow controlling means arranged for
passing a portion of the high pressure refriger-
ant in accordance with the movements of said
member in opposition to the biasing spring and
applying the passed refrigerant to the low side of
the system and to aid said biasing spring on said
member.
LAWRENCE A. PHILIPP.
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