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This inv'ention relates to refrigerating appa- -

ratus and more particularly to means for con-
trolling the liquid flow from the condenser to
the evaporator. - :

In many refrigeration applications restrictors
have replaced valves for controlling the flow of
liquid from the condenser to the evaporator.
The chief reason for this is because of the ex-
treme simplicity and the lack of moving parts
of the restrictor, which renders the restrictor
substantially foolproof, and this reduces service
troubles. Restrictors, however, do not accommo-
date varying refrigeration loads as well as de-
sired. In the ordinary refrigerating-system the
liquid fiow should be great during heavy loads
and small during light loads. In restrictor type
systems use is made of the varying condensing
pressure and the cycling of the system to secure
some variation of the liquid flow in accordance
with the varying loads. However, it has been
found that in ordinary systems there is still not
sufficient throttling of the liquid refrigerant dur-
. ing light loads and as a result the evaporating
means becomes too full of liquid refrigerant and
the suction line becomes frosted, thus rendering
the operation of the system under such conditions
rather inefficient. -

It is an object of my invention to provide a
means for reducing the flow of liquid refrigerant
through the restrictor when desired and particu-
larly to prevent & collection of an excessive
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Fig. 2 is a view of a tube type restrictor pro-
vided with an electric heating element;

Pig. 3 is a sectional view of a threaded type
restrictor such as is shown in Fig. 1, provided -
with an electrical heating element; .

Fig. 4 is a modified form of restrictor in which
the amount of restriction may be changed by the
heat generated in the electrical heating element;
and

Fig. 5 is a view of a modified arrangement.

Briefly, I have shown a refrigerating system of
the compression type provided with a restrictor

. surrounded by an electric heating element which
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amount of liquid refrigerant in the evaporating

means under light load conditions.

Tt is another object of my invention to reduce
the flow of liquid refrigerant through the re-
strictor when an excessive amount of liquid re-
frigerant collects within the evaporating means.

1% is still another object of my invention to heat
the restrictor when an excessive amount of liquid

refrigerant collects in the evaporator.

" It is another cbject of my invention to provide

a means for electrically heating the restrictor in
order to gasify & portion of the liquid refriger-
ant for reducing the flow of liquid refrigerant
‘through the restrictor.

Further objects and advantages of the present
jinvention will be apparent from the following
description, reference being had to the accom-
panying drawing, wherein a preferred form of
the present invention is clearly shown.

In the drawing: .

Fig. 1 is a view of g refrigerating system partly
diia,gramma.tic embodying one form of my inven-
tion; : -
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“either continuously or intermittently.

is energized when liquid refrigerant reaches a
thermostat provided upon the suction line ad-
jacent the outlet of the evaporating means, and
which is deenergized when the amount of liquid
refrigerant within the evaporating means is re-
duced, Two forms of such an electrically heat-
ed restrictor are shown while in another form
shown a restrictor changes its restriction accord-
ing to the application of heat thereto. In the
last form, the electrical heating element heats a
bi-metal element which operates a valve for con-
trolling the flow of liquid refrigerant in the re-

- frigerating system. :

Referring now to the drawing and more par-
ticularly to Fig. 1 there is shown a sealed motor-
compressor unit 20 for compressing refrigerant
and for forwarding compressed refrigerant to a
condenser 22 where the compressed refrigerant
is liguefied and collected in the receiver 24.
From the receiver 24 the liquid refrigerant is
forwarded through a supply conduit 26 to a re-
strictor 28 which controls the flow of lquid re-
frigerant into the evaporating means 30. This
evaporating means is located within the com-
partment 32 which is to be kept cool. The liquid
refrigerant evaporates within the evaporating
means 38 under reduced pressure and the evapo-
rated refrigerant is returned to the compressor
through the suction conduit 34.

The refrigerating system may be operated
In order
to provide for the intermittent operation a ther-
mostatic switch 36 is connected into the electric
motor circuit 38 of the motor-compressor unit
20 and is operated in accordance with the tem-
perature conditions of a thermostat bulb 87 which
is mounted upon the outlet of the evaporating
means 30 within the compartment 32. A shunt
40 is provided around the thermostat switch 36
and is provided with a switch which when closed
will provide for continuous operation of the re-
frigerating system.
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" The restrictor 28 is better shown in Fig. 3 and
includes a thimble member 42 containing an in-
let 44 and closed at its opposite end by a cap
member 46 provided with an outlet 48. Within
the thimble member 42 is & cup member 50 hav-
ing its outer surface provided with an ordinary
helical single thread which fits tightly within
the thimble member 42 so that any refrigerant
passing from the inlet 44 to the outlet 48 must
traverse the entire léngth of the groove between
the convolutions of the thread. This provides
a long capillary passage of very small cross-

section which throttles the refrigerant suffi«-

ciently to maintain the proper pressure condi-
tions between the condenser and the evaporator
under full load conditions. .

It has been found that under light load con-
ditions and some other unusual conditions, such
as when the condenser pressure is unusually high,
together with a fairly light load, that too much
liquid- refrigerant passes Into the evaporating
means so that some is drawn into the suction
line causing frosting of the suction line and in-
efficlent operation of the system, and also cre-
ates the possibility of damaging the compressor
because of liquid being drawn into the compres-
sor. These conditions cause inefficient opera-
tion of the refrigerating system. Although the
condenser pressure is reduced under light load
conditions, this reduction pressure is not sufli-
icient to reduce the amount of liquid flow to the
evaporating means sufficiently to prevent the
supply of too much liquid.

In order to avoid this difficulty I have pro-
vided an electric heating element 52 which is
" embedded in electrical insulating material 54
having a relatively high heat conductivity. The
heating element 52 and its insulation 54 sur-
round and are molded upon the thimble 42 so
as to provide excellent heat conductivity be-
tween the heating element 52 and the refriger-

ant which flows through the grooves of the .

threaded outer surface of the member 50. The
electric heating element 52 and its insulating
material 54 are enclosed within a metal jacket
56. The electric heating element 52 is conneét-
ed by an electric circuit 58 to the same source
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of power which is used for the motor-compres- -

sor unit 20. 'This electrical circuit 58 is provided
with a thermostatic switeh 60 which is operated
in accordance with temperature conditions of
the thermostat bulb 62 which is clamped to the
_outlet of the evaporating means 30.

By this arrangement when the refrigerating
system operates under light loads and too much
liquid refrigerant flows into the evaporating
means 30, this liquid refrigerant will reach the
portion of the refrigerant circuit at which the
bulb 62 is located, thereby cooling the bulb A2
and causing the closing of the thermostat 60.
This will cause electric current to flow through
the heating element 52 thereby heating the re-
strictor 28 and the refrigerant vpassing through
the restrictor 28 so that a small portion of the
liquid refrigerant will be evaporated. The in-
creased volume of the gas as compared to lin-
uid volume causes increased velocity through
the restrictor and therefore a greater amount of
frictional resistance. 'This will reduce the total
amount of liquid which flows through the re-
strictor into the evaporating means. When the
amount of evaporated refrigerant is reduced the
thermostatic bulb 62 will be warmed thercby
causing switch 60 to be opened to deenergize the
heating element and allow the normal flow of
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liquid refrigerant through the restrictor. In
this way the undesired condition of too much
lquid refrigerant within the evaporating means
is overcome.

In Fig. 2 is shown a capillary tube type e-
strictor provided with a heating element to ke
used in a refrigerating system like the restric-
tor shown in Figs. 1 and 3. When this form of
restrictor is employed it ordinarily extends sub-
stantially between the entire distance of the
condenser and the evaporator both as a liquid
and as a restrictor. Thus this tube type restric-
tor replaces the supply conduit 26 and the re-
strictor 28 which is shown in Fig. 1. The re-
strictor shown in Fig. 2 comprises a capillary
tube 70 having a sufficiently small bore and
being sufficlently long to provide restriction of
the flow of liquid refrigerant under full load
conditions. This capillary tube 78 is surrounded
by a spiral electrical heating element 12 which
Is embedded within the electrical Insulating ma-
terial 74 which is molded onto the tube in order
to insulate the heating element 72. The heat-
Ing element 72 is connected to the circuit 58 and
provided with a thermostat switeh like switch 60
in Fig. 1. . o

In Fig. 4 another form of restrictor or capil-
lary tube is provided which is designated by the
reference character 80. In this form of restric-
tor, a metal sleeve 82 is provided with metal
cap members 83 and 86 at its ends, one of which
connects to the liquid supply conduit 26 at the
one end of the restrictor and to the conduit 90

-at the other end connecting to the evaporating

means, such as the evaporating means 36. With-
in the sleeve 82 is provided a sleeve 92 of a rub-
ber-like material, such-as a compound which in-
cludes a polymer of chloroprene or neoprene,
such as those sold under the trade name of
“Duprene.,” This sleeve 92 of the rubber-like
material is bonded at its ends to the ends of the
metal members 82 by vulcanization or some form
of clamping means. :

In the space between the middle portions of
the two sleeves 82 and 92 there is provided a
space 84 which iIs partially filled with a volatile
liquid 96 and the remainder is filled with the
vapor of the volatile liquid 96. 'The midportion
of the sleeve 92 is necked in order to provide a
restricted passage within the sleeve from one
end to the other. In this necked portion 98 the
liquid refrigerant is throttled in its flow from
the condenser to the evaporator. 'The size of
this necked portion 98 is controlled by the pres-
sure of the volatile liquid and its vapor within
the space 94. When this pressure is great the
size of the neck is reduced to provide a.greater
restriction to the flow of refrigerant through
the neck while when the pressure is low within
the space 94 the neck 98 may be larger in size
to provide a lesser amount of restriction. -

In order to control the pressure within the
space 94 an electric heating element 102 is pro-
vided which is embedded within an electrical in-
sulating material of relatively high heat con-
ductivity which is molded onto the outside of the
sleeve 82. This insulating material is provided
with a metal case 106. This electrical heating
element 102 may be connected into the electrical
circuit 58 as is the heating element 52 or it may
be energized in another manner such as under
the control of a variable resistance. By con-
trolling the current flowing through the heating
element 102 the heating of the volatile liquid is
controlled so as to control the pressure within
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the space 94 and thereby to control the size of .

the restriction provided by the necked portion 98.
This restrictor may be either used alone or in
series with another restrictor of any type such
as a threaded or a tube type restrictor. If de-
sired, the space 94 may be connected directly to
the condenser in order to apply condenser pres-
sure to it for controlling the restriction of the
restrictor. .

Thus by any-one of the forms of control de-
scribed the flow of liquid may be reduced when-

ever liquid conditions within the evaporating.

means make it necessary or desirable.

In Fig. 5 there. is shown a modified form of
the invention in which the heating of the re-
strictor is controlled by the temperature outside
of the compartment Which of course, is the main
controlling factor in the variation in heat leak-
ing into the-compartment 32. In reality the tem-
perature of the evaporating means is propor-
tional to the temperature of the air outside the
compartment.

In Fig. 5 there is provided a compartment 232
to be kept cool which contains a refrigerant evap-
orating means 230 supplied with liquid refrig-
erant through the liquid supply conduit 226 from
a compressor and condenser unit, not shown. A
restrictor or capillary tube 228 controls the sup-
ply of liquid refrigerant into the evaporating
means 230 and this liquid refrigerant evaporates
under reduced pressure and is returned to the
compressor through the return conduit 234. The
operation of the compressor is controlled by the
thermostat bulb 237 located within the compart-
ment 232 upon the outlet of the evaporating
means 230.

It has been found under light load conditions,
such as occur when the air outside the compart-
ment 232 is comparatively cold, that too much
liquid refrigerant flows into the evaporating
means 230. In order to reduce this supply of lig-
uid I heat the restrictor 238 under such condi-
tions that a small portion of the liquid refriger-
ant will be evaporated in the restrictor. The
increased volume of gas in the restrictor as com-
pared with the liquid volume causes increased
velocity through the restrictor and therefore a
greater amount of frictional resistance therein.
This will reduce the total amount of liquid which
flows into the evaporating means.

Instead of controlling this heating directly by
evaporator temperature and indirectly accord-
ing to temperature conditions inside and outside
the compartment to be cooled, as in Fig. 1, I con-
trol the heating of the restrictor by the tem-
perature outside the compartment 232 to be
cooled. In order to do this I provide an electric
heating means 252 for the restrictor 228 and
connect this electric heating means to an electri-
cal supply circuit 258 which is provided with a
thermostatic switch means 260 in series with the
heater 252. This thermostatic switch means 260
is provided with a thermostat bulb 262 outside
the compartment 232 to be cooled. With this ar-
rangement, under cold room conditions the ther-
mostat bulb.262 will be cooled to catise the switch
260 to be closed in order to energize the heater
252 for heating the restrictor 228 to reduce the
liquid flow to the evaporating means 260. Under
warm room conditions the thermostat 262 will
open the switch 260 to prevent the heating of
the restrictor 228. Thus by this system under
warm room conditions an ample flow of refrig-
erant to the evaporating means is provided and

yet by heating the restrictor under cold room
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conditions the amount of liquid flow is reduced
as Is desired.

While the form of embodiment of the inven-
tlon as herein disclosed, constitutes a preferred
form, it is to be understood that other forms
might be adopted, all coming within the scope of -
the claims which follow.

- What is claimed is as follows:

1. Refrigerating apparatus including a com-
partment to be cooled; a closed refrigerant cir-
cuit including an evaporating means in heat
exchange relation with said compartment, a com-
pressing means, a condensing means, and a re-
strictor means for controlling the flow of refrig-
erant from the condensing means to the evap-
orating means; and means responsive to tem-
perature conditions outside of said compartment
for heating the restrictor means for changing the
amount of flow of refrigerant.

2. Refrigerating apparatus including a closed
circuit containing compressing, condensing and
evaporating means and also restrictor means pro-
viding a continuously and uniformly open capil-
lary passage of great length in proportion to its
cross.section for controlling the flow of liquid
from the condensing means to the evaporating
means, means operating upon the restrictor
means for changing the frictional resistance of
flow of refrigerant through the restrictor means,
and snap acting means for controlling said means
operating upon the restrictor means. .

3. Refrigerating apparatus including a closed
circuit containing compressing, condensing and
evaporating means, and also restrictor means
providing  a continuously and uniformly open
capillary passage of great length in proportion to
its cross section for controlling the flow of liquid
from the condensing means to the evaporating
means, and means independent of said closed cir-
cuit for changing the temperature of said re-
strictor means for changing the frictional resist-
ance of the flow of refrigerant through the re-
strictor means.

4. Refrigerating apparatus including a closed
circuit containing compressing, condensing, and
evaporating means, and also restrictor means
providing & continuously and uniformly open
capillary passage of great length in proportion
to its cross section for confrolling the flow of
liquid from the condensing means to the evapo-
rating means, and means for applying heat from
a source outside the closed circuit to the restric-
tor means to change the frictional resistance of
flow of refrigerant through the restrictor means.

5. Refrigerating apparatus including a closed
circuit containing compressing, condensing, and
evaporating means, and also restrictor means
providing a continuously .and uniformly open
capillary passage of great length in proportion
to its cross section for controlling the flow of lig-
uid from the condensing means to the evaporat-
ing means, and means responsive to a surplus
of liquid in the evaporating means for changing
the temperature of the restrictor means for
changing the frictional resistance of flow of
refrigerant through the restrictor means.

6. Refrigerating apparatus including a closed
circuit containing compressing, condensing, and
evaporating means, and also restrictor means
providing a continuously and uniformly. open
capillary passage of great length in proportion
to its cross section for controlling the flow of lig-
uid from the condensing means to the evaporat-
ing means, and electrical means for changing the
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frictional resistance of flow of refrigerant
through the restrictor means.

7. Refrigerating apparatus including a closed
circuit containing compressing, condensing, and
evaporating means, and also restrictor means
providing a continuously and uniformly. open
capillary passage of great length in proportion
to its cross section for controlling the flow of
liquid from the condensing means to the evapo-
rating means, and electrical heating means for
changing the frictional resistance of flow of
refrigerant. through the restrictor means.

8. Refrigerating apparatus including a closed
-circult containing compressing, condensing, and
evaporating means, and also restrictor means
providing a continuously and wuniformly open
capillary passage of great length in proportion
to its cross section for controlling the fiow of
liquid from the condensing means to the evapo-
rating means, and electrical means for heating
the restrictor means. )

- 9. Refrigerating apparatus including a com-
partment to be cooled; a closed refrigerant cir-
cuit including an evaporating means in heat ex-
change relation with said compartment, a com-
pressing means, a condensing means, and a
restrictor means providing a continuously and
uniformly open capillary passage of great length
in proportion to its cross section for controlling
the flow of refrigerant from the condensing
means to the evaporating means; and means
rendered effective upon predetermined low tem-
perature conditions within said compartment and
operating upon said restrictor means for chang-
Ing the frictional resistance of flow of refriger-
ant through the restrictor means.

10. Refrigerating apparatus Including a com-
partment to be cooled; a closed refrigerant cir-
cuit including an evaporating means in heat ex-
change relation with said compartment, & com-
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Pressing means, & condensing means, and a

restrictor means providing a ‘continuously and

uniformly open capillary passage of great length

in proportion to its cross section for controlling

the flow of refrigerant from the condensing

means to the evaporating means; and means

rendered effective upon predetermined low tem-
perature conditions and ineffective upon prede-

termined high temperature ‘conditions within

sald compartment for operating upon the -
restrictor means for changing the frictional re-

sistance of flow.of refrigerant.

. 11, Refrigerating apparatus including a com-
partment to be cooled; a closed refrigerant cir-
cuit including an evaporating means in heat ex-
change relation with said compartment, a com-
pressing means, a condensing means, and a
restrictor means providing a continuously and

_uniformly open capillary passage of great length

in proportion to its cross section for controlling
the flowof refrigerant from the condensing means
to the evaporating means; and means responsive
to temperature conditions outside of said com-
partment and operating upon said restrictor
means for changing the amount of flow of refrig-
erant through the restrictor means. '
12. Refrigerating apparatus including a closed
circult containing compressing, condensing and
evaporating means, and also restrictor means
providing a continuously and uniformly open
capillary passage of great length in proportion to
its cross section for controlling the fiow of liquid

. from the condensing means to the evaporating

means, and means responsive to a surplus of lig-
uid in a portion of the closed circuit for chang-
ing the temperature of the restrictor means for
changing the frictional resistance to the flow
of refrigerant through the restrictor means.

RICHARD E. GOULD.
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