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Patented June 24, 1952 2,601,549 

UNITED STATES PATENT OFFICE 
RESTRICTING vaLVE 

Evaas T. Morton, Chicago, and George R. Heiden 
but oes Plaines, Ill., assignors to Admiral Cor poration, Chicago, 
Wate. 

l, a corporation of Dela 

Application January 2, 1947, Serial No. 19,670 
(C. 62-8) 3 Claims. 

The present invention relates to restricting 
valves and in particular to a novel restricting 
valve adapted to be placed in a refrigerant circu 
lating system to restrict the flow of refrigerant 
through the circuit or through a particular por 
tion of the circuit. 

It is the principal object of the present inven 
tion to provide a novel Solenoid operated flow 
restricting valve, to be inserted in a refrigerant 
circulating system, which incorporates a mini 
na of Enowing parts and which will be moved to 
open or closed positions as desired regardless of 
flow and pressure conditions existing in the cir 
cuit. 

It is a further object to provide a novel Sole 
noid operated valve which can readily be changed 
from the open te; closed condition or from the 
closed to open condition without sticking. 

it is a further object, to provide an improved 
type of restricting valve for use in a refrigerant 
cireating system which will not become frozen 
in either the open or the closed position. 

it is still another object to provide a novel 
solenoid operated restricting valve which is Sini 
ple in construction, is economical to manufac 
ture and has along life. - 
Other objects and advantages will become ap 

parent from the following description taken in 
conjunction with the accompanying drawings, 
Wherein: 

Fig. 1 is an elevational view of a portion of 
one type of refrigerant circulating system incor 
porating the restricting valve of this invention; 

Fig. 2 is an enlarged medial cross sectional 
view with the valve in open position; 

Fig. 3 is a view similar to Fig. 2, but illustrat 
ing the valve in closed position; 

Fig. 4 is a fragmentary medial cross sectional 
Wiew of a modified construction of the valve; and 

Fig.5, is a rear elevational view, somewhat 
schematic in form, of a typical installation in 
corporating the restricting valve of this inven 
tiori and showing the refrigerator cabinet in 
phantom outline. 

the valve of the present invention is particu 
larly adapted to be used in a refrigerant circui 
lating System such as that shown in the co-pend 
ing application of Evans T. Morton, Serial No. 
720,080, filed January 3, 1947, now Patent No. 
2,586,853, for an invention entitled “Multiple Tem 
perature. Refrigerator.' Specifically, a two tem 
perature refrigerator is described in that appli 
cation and is cooled by a primary-secondary type 
of refrigeration system which is somewhat sche 
Raatically illustrated in Fig. 5. The system has a 
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primary refrigerant circulating circuit. 90 which 
includes a compressor 92, condenser 94, capillary 
tube.96, evaporator 98, accumulator 00 and suc 
tion tube C2; it also has a secondary circuit 04 
includirig a condenser 6 and an evaporator 88 
which is in contact with a liner is forming the 
large, moist cold food storage compartment. The 
primary evaporator is divided into two portions, 
one portion to being in contact, with a frost chest 
liner and the other portion f2, being perman 
aently secured to a SQ called "contact plate' to. 
This latter portion effects; the transfer of heat 
between the Secondary condenser, which is Se 
cured to a similar contact plate, and the primary 
evaporator and is the portion illustrated in detail 
in Fig. E. Fhe two contact plates are removably 
Secured together So that the primary refrigera 
tion system may be removed from the cabinet, 
indicated by the dot-dash lines and the refer 
ence: character 2. 

In this type of refrigerator, it is frequently de 
Sirable to cool the frost chest without cooling 
the Secondary condenser 86, and at other times 
to Cool the Secondary condenser f06. The re 
frigerator is provided. With separate and indie 
pendent thermostatic controls (not shown) which 
may be responsive to the respective compartment 
temperatures or to the temperatures of the refrig 
erant associated with the compartments and cir 
culating in, the primary and secondary systems. 
The thermostat associated with the frost chest 
if controls the operation of the compressor 92, 
while that associated with the warmer compart 
ment 9 controls the cooling conditions in re 
Spect of the secondary condenser f06. In order 
that the secondary condenser 0.6 may be cooled 
independently of the frost chest if, the pri 
mary System incorporates the two separate evap 
orator portions 2 and 0. These portions are 
S0 arranged that they may be connected in series 
or that one of them-that which cools the sec 
ondary condenser-may be by-passed. The by 
paSS is provided with a controllable restriction 
which in the refrigerator under discussion, is the 
restricting valve of the present invention, this 
Valve being in either the closed or open position 
as set by the warmer connaprtment thermostatic 
control. 
. In other types of primary-secondary refriger 
atting systems, two primary evaporators may be 
arranged in parallel or partially in parallel and 
partially in series. Regardless of what type of 
primary System is used, it is desirable to control 
the flow of refrigerant through the different 
evaporator portions, in such manner that the 
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proper temperature conditions are maintained in 
the Storage compartments. 

In order that this control over the flow of re 
frigerant be had, it is necessary only to increase 
the obstruction or resistance to the flow of re 
frigerant in one portion of the evaporator to a 
point where it is greater than the obstruction or 
resistance to flow of refrigerant in the alternate 
portion of the evaporator as the liquid refriger 
ant will flow through that portion where the 
resistance is the smallest. By alternating the re 
sistance the refrigerant can be made to flow 
through the proper evaporator portions accord 
ing to the cooling requirements of the refrigerator 
compartments. " . 

It is not necessary that an absolute shutting 
off of the coils of a particular section or portion 
of the evaporator be made but merely that it 
require more pressure to Send refrigerant through 
the one portion of the evaporator than through 
the portion that is to be used for a particular 
cooling. By properly placing the restricting valve 
of the present invention in the refrigerant cir 
culating tubing, the desired control over the flow 
of refrigerant through the different portions of 
the evaporator may be obtained. 
While the invention is described with particu 

lar reference to the primary-secondary System of 
the aforeSaid application of Evans T. Morton, 
Serial No. 720,080 and illustrated in Fig. 5, never 
theless it is to be understood that the principles 
of balancing pressures and resistance to flow may 
be applied to other, types of refrigerating Systems 
and the restricting valve of the present inven 
tion may be used in such systems. The illus 
tration, therefore, is merely indicative of One use 
of the invention and is not to be considered as 
being limitative. 

Referring now to Figs. 1 to 3, the primary con 
tact plate O normally in contact and heat ex 
change relationship with the similar plate se 
cured to the secondary condenser 06, has the 
primary evaporator coil f2, soldered, brazed or 
Welded to the face thereof to provide a good 
thermal connection. 

. 2 is connected at 4 to a tube 6 the end 8 of 
which is in turn connected to the capillary tube 
96 of the primary refrigerant circulating system. 
The outlet. end of the coil. 2 is connected at 20 
to the tube 6. Suitable refrigerant traps, 3 are 
provided in the coil 2 to increase the resistance 
to the flow of refrigerant therethrough thereby 
preventing Such flow. When the resistance to flow 
through the tube 6 is less than that through the 
coil 12.. The reference character 22 indicates the 
end of the tube 6 which is connected to that por 

The inlet end of the coil . 
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4. 
as iron or steel. The core 38 is recessed at 39 to 
fit over the upper end of the valve body to which 
it is silver Soldiered at 40. 
A valve plunger 42 formed of a magnetic mate 

rial reciprocates vertically within the valve body 
30. Neither the plunger 42 nor the core 38 are 
permanent magnets nor made of material which 
may be permanently magnetized by ordinary 
household current customarily supplied at 110 
120 volts. The valve body 42 is provided with 
an intermediate portion 44 of considerably re 
duced diameter and with a rounded head por 
tion. 46. When the plunger 42 is at the bottom 
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tion O of the primary evaporator which is in 
contact with the frost chest liner . A refrig 
erant flow controlling restricting valve.24 is 
placed in the tube 6 intermediate the junctions 
4 and 20. 
The tube 6 is formed in two sections, 26 and 

28, and is made of a non-magnetic material such 
as copper, which possesses the further advan 
tageous characteristic of noncorrosiveness. The 
tubes 26, and 28 are silver Soldered to a vertically 
disposed tubular valve body 30, preferably made 
of brass, which is closed at its bottom 32 and open 
at the top. Below its vertical center, the valve 
body is provided with a pair of diametrically 
opposed openings 34 which are in communica 
tion with the tubes 26 and 28. At its upper end 
the valve body 30 is closed by a very thin brass 
plate 36 which is retained in position by a sole 
noid core 38 formed of a magnetic material such 
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of the valve body 30 the reduced portion 44 is 
opposite the openings 34 and the valve is open; 
but when the valve body 42 is in its raised posi 
tion (Fig. 3), the portion 46 is opposite the open 
ings 34 and the valve is closed. 
The plunger 42 has an outside diameter slightly 

Smaller than the inside diameter of the tubular 
valve body 30 so that the plunger will reciprocate 
freely and Will not stick in either its raised or 
lowered position, Since the plunger face area at 
the top of the reduced portion 44 is equal to that 
at the bottom thereof, the effective fluid pressure 
exerted on the faces of the reduced portion is 
Zero, and the plunger will reciprocate in the Walve 
body independently of the pressure of the re 
frigerant, or of its rate of flow. In practice it 
has been found that an annular clearance of .015 
inch between the plunger and the valve body gives 
very satisfactory performance and actually does 
not completely cut off the flow of refrigerant from 
the tube 26 to the tube 28 when the valve is in 
its closed position. When the valve is closed the 
path of least resistance is through the coil. 2. 
However, with the reduction in pressure at the 
junction of the capillary tube and the tube 6 
the refrigerant commences boiling and a small 
amount of vapor. Orgas, is formed. By causing 
the gas to bubble out of the liquid refrigerant in 
the tube f6 it will pass the restricting valve 24 
Without carrying an appreciable amount of liquid 
refrigerant with it. This gas separation means is 
illustrated and described in the copending appli 
cation of Evans T. Morton, Ser. No. 720,080. 
A Solenoid coil 48 provided with leads 50 and 

52 is mounted around the core 38. The coil. 48 
is Wound upon a Suitable spool 54 flanged at 56 
and 58 and made of an electrical insulating mate 
rial. The solenoid core 38 is cylindrical, and the 
Spool. has a complementary cylindrical opening. 
A U-shaped shield or retainer 60 removably holds 
the Solenoid coil 48 in place. on the core. The 
retainer 60 is provided with a bottom flange 62 
having an opening 64 which is only slightly larger 
than the outside diameter of the core 38 and slips 
readily thereover. Adjacent its upper end the 
core 38 is provided with a shoulder 66 on which 
an upper flange 68 of the retainer 60 is seated, 
the diameter of opening 70 in the top fiange being 
Smaller than the major outside diameter of the 
core 38. A hairpin shaped retaining spring 72 
is engaged in a notch 74 in the upper end of the 
Core 38 above the flange 68 to prevent inadvertent 
removal or dislodging of the coil 48 from the 
core 38. . . 
The solenoid coil 48 is removable from the 

valve and the core 38 because it is desirable to 
have the primary refrigerent circulating system 
90 removable from the cabinet. Since the valve 
24 is a permanent component of the primary sys 
tem it is likewise removed. ... Usually it will be 
unnecessary to remove... the solenoid coil 48 from 
the refrigerator cabinet, and, therefore, it is 
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desirable that the coil be renovable from the 
waive body. . . . . . . . . . . . . . . . . ... . . . 

In the typical refrigerating system shown in 
Fig. 5 the Solenoid coil. 48 is energized and deen 
ergized according to temperature conditions in 
the warmer or food storage compartment 109 of 
the refrigerator. When this temperature rises 
above a desired value, the circuit, including the 
solenoid coil 48 is energized and the plunger 42 
is moved upwardly, to the position shown in Fig. 
3 to increase the amount of resistance to the flow 
of refrigerant through the tube 6 so that it is 
greater than the resistance of the coil 2, thereby 
causing the refrigerant to flow through the evap 
orator coil 12 which is secured to the face of the 
contact plate 10. When suffieient cooling of the 
secondary refrigerant circulating system ?o has 
taken place and the temperature in the food 
storage compartment has dropped sufficiently, 
the circuit to the solenoid coil 48 will be broken 
and the plunger 42 will drop by gravity to the 
bottom of the valve body 30, bringing the portion 
44 of the plunger opposite the openings 34 to 
restore communication between the tubes 26 and 
28. With the valve 24 open the evaporator coil 
f2 will be by-passed because the liquid refrigerant 
in the traps 3 builds up Sufficient resistance to 
prevent flow therethrough provided a parallel 
path having a lower resistance is open; this low 
resistance path is through the tube 6 and 
Walve 24. 
The brass plate 36 placed between the upper 

end of the plunger 42 and the adjacent lower face 
of the core 38 prevents the establishment of a 
holding magnetic circuit through the plunger 42 
and the core 38 based upon residual magnetism, 
so that when the magnetic circuit built up by the 
coil 48 collapses, the plunger 42 will drop by gray 
ity to the bottom of the valve body. It is, of 
course, important that the valve 24 be mounted 
So that the plunger 42 will be returned to its 
rest or normal position by gravity. 
A modified type of Valve 24d which operates on 

the same principle as the valve illustrated in Figs. 
1 to 3 is shown in Fig. 4. This valve comprises 
a valve body 30a having the general form of a 
croSS and made of a braSS forging or extrusion. 
A vertical bore or cylinder 76 is drilled therein 
but not through it, So that the bottom of the 
cylinder is closed. A plunger 42d. is mounted for 
Wertical reciprocation. Within the bore or cylinder 
6 in the same manner as the plunger 42 is 
mounted within the tubular valve body 30. A 
bore 78 perpendicular to the cylinder 76 is drilled 
through the cross arms of the valve body 30a and 
is provided with counter-bores 80 into which sec 
tions 26d. and 28a of the refrigerator tubing 6 
are inserted. The tubing portions 26a and 280 
are silver-soldered or brazed to the valve body 
30d at 82. 
The upper open end of the valve body 30a is 

capped by the iron core 38 and the brass plate 
36 is interposed between the solenoid core 38 and 
the upper edge of the valve body 30a. In order 
to accommodate and locate the core 38, the out 
side wall of the vertically extending portion of 
the valve body 30a is turned down at 84, and the 
core 38 is soldered or brazed thereto at 86. 
The plunger 42a is somewhat different from 

the plunger 42 in that it has a reduced portion 
44a of greater section. However, the clearance 
between the reduced portion 44a and vertical cyl 
inder 76 is not less than the cross-sectional area. 
of the bore 78 so that when the valve is in Open 
position it presents no greater resistance to the 
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flow of refrigerant than does the bore T8... The 
valve plunger has a rounded top 88. for engage 
ment with the brass washer 36 to make the valve 
less noisy, when held in closed position by the 
solenoid. The rounded head 88 presents a single 
pointed contact with the plate 3S, whereas the 
fiat headed valve plunger. 42 illustrated in Figs. 

to 3 presents a plane surface. At times the 
plane surface is not even or a Small bit of metal 
projects outwardly therefron, which causes the 
valve plunger 42 to chatter as it is held in the 
raised or closed position by the energized soles 
noid coil .38. . . . . . . . . . . ... . . . 
The operation of the modified form of restric 

tion valve 24a as shown in Fig. 4 is identical with 
that of Figs. 1 to 3 and need not be repeated. 
Both illustrated embodiments of the invention 

disclose the valve to be open. When the plunger 
is in the rest or normal position; it is obvious. 
that with a minor learrangerheint, the valve can. 
be changed so that it will be open When the 
plunger is raised and the Solenoid coil energized. 
: While a preferred embodiment of the inven 
tion has been described, it will be apparent to 
those skilled in the art that numerous modifica 
tions may be made therein without departing 
from the spirit and scope of the present inven 
tion, Which, therefore, is intended to be limited 
only by the scope of the appended claims. 
What is claimed as new and desired to be 

Secured by United States Letters Patent is: 
1. In a refrigerant circulating System, tubing 

forming alternative paths for refrigerant flow, 
One of Said paths normally presenting less re 
Sistance to refrigerant flow than the other path, 
a restriction in the low resistance path, said 
restriction comprising a normally open valve in 
cluding in combination, a valve body, a pair of 
diametrically opposed openings in said valve 
body communicating With the tubing, a plunger 
reciprocable in Said valve body, said plunger hav 
ing a portion substantially but not completely 
filling the cross Sectional area of said valve body 
adjacent Said openings So as to provide a capil 
lary-like Space between said plunger and said 
valve body when the valve is closed substantially 
to prevent the flow of liquid refrigerant there 
through but to permit the free flow of gaseous 
refrigerant therethrough, said plunger having a 
Second portion of reduced cross sectional area. 
adjacent said Openings when the valve is open, 
and means a SSociated with Said plunger for mov 
ing Said plunger in only one direction, said 
plunger returning to its first position by gravity. 

2. In a refrigerant circulating system, tubing 
forming alternative paths for refrigerant flow, 
one of Said paths normally presenting less re 
Sistance to refrigerant flow than the other path, 
a restriction in the low resistance path, said re 
striction comprising a normally open valve in 
cluding in combination, a valve body, a pair of 
openings in Said valve body communicating with 
the tubing, a plunger reciprocable in said valve 
body, Said plunger having a portion substantially 
but not completely filling the cross sectional area 
of Said valve body adjacent said openings so as 
to provide a capillary-like space between said 
plunger and said valve body when the valve is 
closed substantially to prevent the flow of liquid 
refrigerant therethrough but to permit the free 
flow of gaseous refrigerant therethrough, said 
plunger having a second portion of reduced cross 
Sectional area adjacent said openings when the 
valve is open, and a solenoid coil associated with 
Said plunger for moving said plunger in only one 

  



2,601,549 
7 

direction, said plunger returning to its first posi 
tion by gravity. 
3. In a refrigerant circulating System, tubing 

forming an evaporator, said evaporator being 
formed to have a high resistance to refrigerant 
flow, a by-pass around said evaporator normally 
presenting less resistance to refrigerant flow than 
said evaporator, a restriction in the low resist 
ance path, Said restriction comprising a normally 
open valve including in combination, a valve 
body, a pair of diametrically opposed openings 
in said valve body communicating with said tub 
ing, a plunger reciprocable in said valve body, 
said plunger having a portion substantially but 
not completely filling the cross sectional area 
of said valve body adjacent said openings so as 
to provide a capillary-like space between said 
plunger and said valve body when the valve is 
closed substantially to prevent the flow of liquid 
refrigerant therethrough but to permit the free 
flow of gaseous refrigerant therethrough, said 
plunger having a second portion of reduced cross 
sectional area adjacent said openings when the 
valve is open, and a solenoid coil associated with 
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Said plunger for moving said plunger in only one 
direction, said plunger returning to its first posi 
tion by gravity. 

EWANS T. MORTON. 
GEORGE. R. HEIDENBLUT. 
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