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This invention relates generally to refrigerat-
ing systems and more particularly to systems
using a capillary tube feeding device.

One object of the invention is to increase the
efficiency of a refrigerating unit by providing
means for preventing the passage of high pres-
sure refrigerant vapor into the.evaporator dur-
ing “off” periods of the Compressor.

Another object is to provide an automatic
means for operating the flow preventing means.

Another object is to utilize the unloader of
the compressor as the automatic means.

The invention consists in the improved con-
struction and combination of parts, to be more
fully described hereinafter and the novelty of
which will be particularly pointed out and dis-
tinctly claimed.

In the accompanying drawing, to be taken as
a part of this specification, I have fully and
clearly illustrated a preferred embodiment of my
invention in which drawing:

Figure 1 is a diagrammatic view of a refrig-
erating system including the control valve
which is shown in central vertical section,

Fig. 2 is an enlarged detail view partly in sec-
tion and showing one form of compressor un-
loading means, and

Fig. 3 is a partial view in central vertical sec-
tion of a modified form of the valve member.

Referring to the drawing by characters of ref-
erence the numeral { designates generally a valve
means having an outlet 2 and an inlet 3. The
outlet 2 is connected to the inlet of an evaporator
4 which may be of any desired type and which
is shown as a continuous coil type having its
outlet connected by means of a conduit § to the
inlet 6 of a compressor 1 having unloading means
for equalizing the inlet and outlet pressures upon
stopping of the compressor. This pressure equal-
izing or unloading means may be any of the
conventional devices for accomplishing this pur-
pose. In some rotary compressors this means
is inherent in that there is sufficient clearance
for leakage back through the vanes or blades
to equalize quickly the outlet and inlet pressures
on stopping of the compressor. In other com-
pressor types or constructions additional means
must be employed for pressure equalization, such
for example as a solenoid valve which is ener-
gized to closed position when the compressor
motor is energized. The compressor 7 has its
outlet connected by means of a conduit 8 to the
inlet of a condenser or radiator 9. With a sole-
noid valve type of unloader, the inlet 6 is con-
nected to the outlet conduit 8 by a bypass pipe
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82 in which'is intercalated a normally open, when
deenergized, solenoid valve 8° having its coil or
winding connected in parallel or multiple with
the compressor motor ({ by lead wires 8¢, 84 con-
nected respectively to the lead wires 15, 18 on
the motor side of the switch (3. The condenser
outlet is connected to the inlet 3 of the valve
means { by a capillary tube refrigerant feed de-
vice {0 which regulates the flow of the liquid
refrigerant to the evapoxator in the well known
manner of the prior art. The compressor 1 is
driven by an electric motor {1 as by means of a.
belt (2. Operation of the motor {1 is controlled
by means of an automatic switch i3 operated
by a temperature sensitive bulb means 14 secured
to the evaporator adjacent its outlet or placed
wherever it is desired to control the temperature.
The switch controls the circuit from the source
of electrical supply through lead wires 15 and 1§
and upon closure of the switch (3 the motor {1
is started to drive the compressor 1.

The valve means | comprises a tubular mem-
ber #T having a central longitudinal aperture
therethrough. The lower end portion of the
member {7 is the inlet 3 and is adapted to receive
one end of the capillary tube device {0 which
substantially fits the central aperture and is held
in fluid-tight relationship therewith as by means-
of solder. The member {1 extends through a
central aperture in the bottom wall 18 of a cup-
shaped casing member (9 and an outwardly ex-
tending shoulder 20 which is located substantial-
ly midway between the ends of the member {7
is positioned against and soldered to the wall 18.
‘The upper end portion is within the interior of
the casing 19 and has at its end surface a valve
port 22 which is controlled by means of a valve
member 23. The member 23 has a polygonal ex-
tending portion 232 which is reciprocal within
and is guided.by the longitudinal aperture of
the member {1 thereby to maintain the valve
member 23 in correct relationship to the port 22.
The polygonal faces cooperate with the wall of
the aperture of member {7 to provide flow pas- |
sageways for flow of fluid refrigerant from the’
inlet 3 to the valve port 22. Packing or seating
madterial 24 is carried in an annular recess in the
lower end wall of the member 23 so that upon
closure of the valve port 22 by the member 23
the material 24 engages the upper end wall of
the member {1 and prevents flow of fluid through
the port 22. A helical coil spring 25 is positioned
concentric with the member {7 and has its lower
end portion engaging the bottom wall 18. The
upper end portion of the spring 25 engages an
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outwardly extending flange 28 of the valve mem-
per 23 and due to the expanding force, of the
spring 25, the valve member 23 is urged toward
open position.

Adjacent to but spaced from its top end, the
member {9 has a shoulder 21 against which a
diaphragm member 28 is positioned. The mem-
per 28 acts to seal the open end of the casing
member 18 to form a chamber 282 and also acts
to position the valve member 23 relative to the
port 22. The valve member 23 is constructed
with a flat top surface portion which is substan-
tially in the plane of the shoulder 271 when the
valve member 23 is seated. The outlet 2 opens
through the side wall of the member {8 and forms
a fluid flow path from the chamber 288 to the
evaporator 4.

A cap member 29 has its peripheral portion
held against the peripheral portion of the dia-
phragm member 28 and has its central portion
spaced from the central portion of the diaphragm
member 28 and cooperates therewith to form a
pressure sensitive expansible-contractible cham-
ber 30. The end portions of the side walls of
member 13, which extend beyond the shoulder
21, are bent inwardly to clamp the peripheral
portion of cap member 29 and diaphragm mem-
ber 28 tightly against the shoulder 21.- As an
additional means of securing the members to-
gether in fluid-tight relation, solder is placed
in the channel formed at the intersection of the
‘members 28, 29 and 18.

The cap member 29 has 2a central aperture
therethrough in which one end of a capillary
tube 31 is sealed in fluid-tight relation, as by
solder. The other end of the tube 31 is secured
to the inlet 6 of the compressor 71 on the com-
pressor side of a check valve 32 which valve is
positioned within inlet 6 and is operable to pre-
vent flow of fluid from the compressor 1 to the
evaporator 4.

The valve means |’ of Fig. 2 differs from the
valve means ! chiefly by the construction of the
tubular member 11’ and the valve member 23'.
The member {1’ comprises & tubular member
having a larger diameter portion and a smaller
diameter portion forming at their intersection
5 shoulder 20’ which seats against the lower or
bottom wall of the casing (9 and is held in fluid-
tight relation therewith as by solder. The tubu-
jar member {7’ has its larger diameter portion
external of the casing 9 and has its longitudi-
nal aperture internally screw-threaded for re-
ception of a seat member 33 which has a central
longitudinally extending aperture therethrough,
the outer-end of which receives the outlet end
of the capillary tube means 10. Solder is util-
ized around the joint between the means {0 and
member 33 and in the joint between the member
33 and lower end of the member 11’ to prevent
any leakage of fluid from the interior of the
member 11’ to atmosphere. The inner end of
the seat member 33 forms a valve seat which is
controlled by means of a valve member 23’ The
valve member 23’ has a head portion 34 whicn
engages the underside of the diaphragm member
28 and has a polygonal portion 35 reciprocal
within the upper end of the central aperture of
member {7’. The lower end portion of the polyg-
onal portion 35.is conical in shape and cooperates
with the aperture through the seat member 33
to control flow of fluid. therethrough. The
head portion 24 is urged upward into engage-
ment with the diaphragm member 28 by a spring
36 which has one end engageable with the por-
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tion 34 and has its other end engaging the lower
end wall of the member 19.

Because the valve means | iz intended to be
primarily operative during the “off” periods of a
normally cycling capillary tube refrigerating sys-
tem, the operation of the system in which the
valve means | is incorporated can best be de-
seribed by referring to the system when it is
already maintaining the evaporator between the
given predetermined temperature limits as da-
termined by the bulb means 14. The switch I3,
controlled by the bulb means 14, is of the type
for operating a refrigerating system according to
temperature change and which is well known
to those skilled in the art. The evaporator tem-
perature is assumed to be midway between the
said predetermined temperature limits with the
compressor 1 being operated by the motor {1
through the belt 12. High pressure gaseous re-
frigerant is being discharged by the compressor
1 through conduit 8 into the condenser 8 where
heat is radiated therefrom to the ambient air so
that the gaseous refrigerant can condense to
ligquid form so that substantially only liquid re-
frigerant flows from the capillary tube feeding
means i0 to the valve means { and the evapora-
tor 4. The exact place of complete condensa-
tion of the refrigerant to liquid phase varies
somewhat depending upon the pressure main-
tained in the evaporator 4 and the ambient tem-
perature surrounding the condenser 8 which is
reflectéd as refrigerant préssure within the con-
denser 8. If the ambient temperature is high
the pressure drop across the capillary tube means
18 is great and more refrigerant can flow there-
through so that the point of complete liquid
phase may be within the means {0 or in extreme
conditions may never occur. With low ambient
temperatures the point of complete liquid phase
may be within the condenser 9 because the re-
frigerant pressure therein is low and the pres-
sure drop across the capillary means 10 is cor-
respondingly low and the liquid does not flow
therethrough as rapidly. By the backing up into
the condenser 9 of the liquid refrigerant, the
radiating surface thereof is made smaller with an
effective increase in refrigerant pressure therecin
so that the rate of flow through capillary means
(0 equals the rate of inflow to the condenser 8
by the compressor 1. The ideal location of the
point of complete liquid phase is intermediate
the capillary tube means {¢ and condenser 8 as
this gives most economical operation.

The evaporating refrigerant in the evaporator
4 is removed by the compressor 1 and discharged
to condenser 9, the solenoid valve 8%, if employed,
being energized and closed. This lowers the tem-
perature of the evaporator 4. When the mini-
mum predetermined temperature of evaporator
& is reached, the switch {3 controlled by bulb
means |4, will open the circuit through lead wires
{5, 16 to the motor i to stop operation of the

_ compressor 1. Immediately upon stopping of the

compressor 1, due to the unloader means included
therein, pressure from the condenser 9 finds its
way back through the blade clearance or the
opened bypass conduit of the compressor T to the
inlet 6 where a check valve 32 is positioned which
closes and prevents the passage or fiow of refrig~
erant from compressor 1 through conduit § to
evaporator 4. The capillary tube 31 is, however,
open to the compressor 1 between it and the
check valve 32 positioned in inlet 6 and the re-
frigerant pressure is transmitted thereby and
therethrough to the pressure chamber 30 and
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. acts on the top side face of the diaphragm mem-
ber 28 to compress the spring 25 and to force
the valve member 23 against the port 22 to pre-
vent further flow of refrigerant from the capil-
lary means 10 to the evaporator 4. The lower
side face of the diaphragm member 28 is sub-
jected to the pressures within the chamber 282
and which due to its constant communication
with the evaporator 4 is always at evaporator
pressure which is a relatively low pressure so
that the high pressure in chamber 30 can seat
the valve member 23.

Under the prior art systems and those omitting
the valve means I, the capillary tube means 10
continues to supply liquid refrigerant to the evap-
orator 4 after the compressor T has been stopped.
This is quite satisfactory as far as operation is
concerned, but soon the liquid in means 16 and
condenser 9 is all gone and only hot, high pres-
sure refrigerant vapor remains. When this en-
ters the evaporator 4, the gaseous refrigerant is
condensed therein with a consequent rise in tem-
perature of evaporator 4 due to the increased
heat content thereof. This means that the tem-
perature sensitive switch will again call for com-
pressor operation sooner than it otherwise would.
Before any useful refrigeration work can be done
the by-passed vapor or gas must be again pumped
by the compressor T to the condenser 8 to raise
the pressure therein to a suitably high point so
that the heat of vaporization of the refrigerant
may be radiated and thrown off to the medium
surrounding condenser 9. A motor driven fan

‘may be utilized to increase the radiating effect of
the condenser 9 if desired and which fan may be
controlled in synchronism with motor I{ or the
fan may even be driven by the motor {i1. By the
inclusion of the valve means I, flow through the
capillary tube means [0 subsequent to stopping
of the compressor 9 is prevented so that the un-
condensed high pressure gaseous refrigerant
within condenser 9 is kept from flowing into the
evaporator. In a system in which the compressor
is designed to run continuously the valve means |
would be without function, but in many modern
refrigerators now being built with capillary tube
feed devices the compressor is designed to start
and to stop or cycle anywhere from 6 to 12 or
more times per hour. In such & system the effi-
ciency by incorporating the valve means { would
be increased substantially, or in the neighbor-
hood of 15% or more, depending upon the volume
within the “high side” or condenser 9 and con-
duit 8 and varying in direct proportion therewith.

When the predetermined high temperature of

the evaporator 4 has been reached, switch 13 will.

again energize the motor 11 and start operation
of the compressor 1. The first operation is to
lower the pressure within the compressor 7 on its
inlet side intermediate the outlet thereof and the
check valve 32 within inlet 6. This will also lower
the pressure within chamber 30 so that the valve
member 23 will be moved by the spring 25 to open
position. When this said pressure has been re-
duced to or slightly below the pressure within the
evaporator 4, the check valve in the inlet 6 will
open and the system will act as does a normally
operating capillary tube refrigerating system
after equilibrium conditions have occurred, and
as described hereinbefore.

Operation of the modified valve means |’ as
shown in Fig. 2 is substantially the same as that
of the valve means | of Fig. 1, the difference be-
tween the two valve means | and i’ being not in
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3
operation but in the details of construction as
hereinbefore pointed out.

It may now be seen that by utilizing the herein
described invention the efficiency of the cycling
capillary tube refrigerating systems is increased
in a simple, novel and new manner, and one
which is automatic and positive in its operation.

What I claim and desire to secure by Letters
Patent of the United States is:

1. In a refrigerating system, evaporating
means, means for supplying refrigerant to said
means, means for intermittently extracting re-
frigerant from said evaporating means and dis-
charging the extracted refrigerant into said sup-
plying means, pressure sensitive means inter-
posed between said supplying means and said
evaporating means, and means for supplying a
pressure to said pressure sensitive means greater
than the pressure in said evaporating means
upon cessation of said extracting means thereby
to cause said sensitive means to stop further flow
of refrigerant from said supplying means to said
evaporating means.

2. In a refrigerating system, an evaporating
means having an inlet and an outlet, a condens-
ing means having an inlet and an outlet, flow re~
stricting means connecting said condensing
means outlet to said evaporating means inlet,
means including a check valve connecting said
evaporating means outlet to said condensing
means inlet, valve means having a pressure oper-
ated power element interposed between said flow
restricting means and said evaporating means in-
let and operable upon a predetermined pressure
within said element to stop flow of refrigerant to
said evaporating means, and pressure conducting
means connected to said condensing means and
operable to supply a pressure at least as great as
said predetermined pressure to said element upon
cessation of operation of said condensing means.

3. In a refrigerating system, an evaporator, a
compressor for extracting vaporized refrigerant
from said evaporator, conduit means connecting
said compressor and said evaporator, condensing
means for liquefying the vaporized refrigerant
discharged from said compressor, capillary tube
means for regulating the flow of refrigerant from
said condensing means to said evaporator, valve
means interposed bhetween said capillary tube
means and said evaporator, pressure sensitive
means for moving said valve means to closed po-
sition, unloader means cooperable with said com-
pressor upon cessation of operation thereof to al-
low the high pressure discharged refrigerant to
pass to the inlet of said compressor, check valve
means interposed between said compressor and
said evaporator and operable to prevent back flow
of refrigerant to said evaporator through said
conduit means, and conduit means for conveying
the high pressure refrigerant passed by said un-
loader means to said pressure sensitive means so
that during periods of cessation of operation of
said compressor said first-named valve means
acts to stop flow of refrigerant to said evaporator.-

4. In a refrigerating system, an evaporator, a
compressor for extracting vaporized refrigerant
from said evaporator, conduit means connecting
said compressor and said evaporator, condensing
means for liquefying the refrigerant discharged
from said compressor, capillary tube means for
regulating the flow of refrigerant from said con-
densing means to said evaporator, valve means
interposed between said capillary tube means and
said evaporator, spring means urging said valve
means toward open position, pressure sensitive
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means for moving said valve means to closed po-
sition in opposition to sald urging means, un-
loader means cooperable with sald compressor
upon cessation of operation thereof to allow the
high pressure discharged refrigerant to pass to
the inlet of said compressor, check valve means
interposed between said compressor and said
evaporator and operable to prevent back flow of

refrigerant to said evaporator through sald con-
dult means, and conduit means for conveying the
high pressure refrigerant passed by said un-
loader means to sald pressure sensitive means
so that during periods of cessation of operation of
said compressor said first-named valve means
acts to stop flow of refrigerant to said evaporator.
FRANKLYN Y. CARTER.



