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My invention relates to refrigerating appara-

~ tus having a plurality of reirigerating elements

and has for an object to provide improved appa-
ratus of this kind.

5 A further object of my:invention is to main-
tain the food storage compartment of a refriger-
ator at a desirable refrigerating temperature
without excessive dehydration of the air or prod-
‘ucts stored therein and to effect congealing of

10 fluids within the compartment.

A further object of the invention is to provide

- an improved evaporator structure wherein a por-
tion of the same is operated to cool the ambient
 air and a second portion is effective to congeal
1§ fluids without materiaily affecting the tempera-
ture of said ambient air. -

These and other objects are effected by my
invention as will be apparent from. the following
spécification and drawing

20
orator structure disposed within the compart-
ment of a refrigerator and including a plurality

of wall members which define a high tempera--

ture refrigerating element for cooling the air in

95 the compartment. - A relatively low temperature

refrigerating element is disposed within said wall

- members and includes provisions for congea.ling
... desserts or freezing water. .

Refrigerant is conducted serially through the

30’ low and high temperature elements in the order.

named and means are provided for varying the
effective charge of refrigerant conducted there-

. t0. .The latter means may constitute a chamber
for condensed refrigerant and a displacing mem-

35 ber for the refrigerant. The member normally
" occupies the chamber and displaces the refriger-
“ant therein, so that the total charge of refriger-
-ant is rendered available for circulation. In this
position, refrigerant substantially fills both ‘the

40 low and high temperature elements, and, as the

latter operates at a relatively high temperature,

vaporization is effected therein for cooling the -

air.in the food storage compartment.

" In the other position of the displacing member,’

45 a portion of the refrigerant fills the chamber
so that the cffective charge of refrigerant in the
-gystem or the charge available for circulation is
reduced in an amount equivalent to the amount
of refrigerant collected in the chamber. Accord-

50 ingly, the amount of refngerant in the evapora-

tor structure is reduced o that it occupies the low .

temperature element only and vaporization is
(effected therein at a relatively low temperature.
The vaporized gas from the low temperature ele~
556 ment passes through the walls of the high tem-

In practicing my invention, I provide an evap-

" sage 24 for refrigerdnt.

(CL 62—4)

‘ perature element, . so that some slight cooling '

thereof would be effected, the amount of heat
abstracted from the walls being only the sensi-
ble heat added to the gas as superheat.

Suitable means are provided for automatica.lly 5

" varying the effective charge of refrigerant during
. operation of the system dependent upon which

evaporator requires refrigeration.

Cooling of the air in- the food compa.rtment
to a low degree is prevented during operation of 10
the low temperature element so that the air
therein is not dehydrated to an undesirable de-,
-gree. During operation of the higher tempera-
ture element, the air in the compartment is
-cooled to ‘the desired degree without reducing 15
its moisture content excessively as the element
is operated at & temperature low enough to effect”
cooling but high enough to prevent. a material ~
reduction in the dew point temperature of the air.

In the drawing: : 20

Pig. 1 is a diagrammatic view of a refrigerat- e
ing system embodying my invention; B

Fig. 2 is a sectional view of the evaporator
shown in Fig. 1 and is taken along: the line II—II.
thereof; and, 25
© Fig. 3 illustrates diagrammatically the con-
nections between the high and low temperature
evaporating elements.

Referring to the drawing, I have diagrammat-
ically shown a refrigerator cabinet structure 18 3o
having & storage compartment | formed there-
in for articles: to be refrigérated. An evapora-
tor structure 12 is arranged within the compart-
ment il and includes a plurality of side wall
members {3 and 13’, a rear wall 14, a bottom 35
wall I15 and & door;member {6. The various walls
of the evaporator structure 12 define a'chamber
i1 therebetween which is preferably disposed at
‘the top of the compartment {1 and which is ren-
dered accessible by opening the door 16. A por- 49
tion of the walls of the structure {2 such as, .
for example, the side walls I3 and 13’, are pro-
vided with passages {8 in which condensed re-
frigerant is vaporized. " " Cooling of the air in the
compartment {1 is effected by the walls 13 and 45
13" which are in heat exchanging relation there-
with. The walls {3 and {3’ may be connected
together by a conduit 19 providing communica-
tion between the bottoms of the passages 18:

Arranged within the chamber {1 is a relatively 59
low temperature refrigerating element shown by
‘'way of example, as & plurality of shelves 21, 22,
and- 23 each of which may be formed with a pas-
Trays 285 may be sup-
ported upon the shelves for congealing fluids gs
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contained therein. The shelves 21, 22, and 23 may
be supported within the chamber 11 in any suit-
able manner as, by means of projections 26 ex-
tending inwardly from the walls (3 and 13’. In
order vo minimize heat leakage between the walls
13 and 13’ and the shelves, the supporting pro-
Jections 26 are made as small as possible, con-
sistent with the required strength.

As the shelves 21, 22, and 23 are shielded from
.he air within the compartment 11, by the various
‘valls of the structure 12, they are effective when
-efrigerated for cooling the fluid in the trays 25
and do not materially reduce the temperature of
the air in the compartment {{., The shelves 21,
22, and 23 are, preferably, connected in series for
the flow of refrigerant therethrough by means of
conduits 27 and 28. A conduit 29 provides com-

. Iunication between the shelf 23 and a header 31
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.carried by the wall 13,

Condensed refrigerant is
delivered to the lower shelf 21 by means of a
conduit 32 and vaporized refrigerant is drawn
from a header 33 provided on the wall {3 by
means of a conduit 34. The shelves 21, 22, and

23 and the walls {3’ and I3 are connected for

series flow of refrigerant therethrough in the

order named, as shown in Fig. 3.

A suitable refrigerant condensing mechanlsm,
such as, for example, a motor-driven compressor
unit 35 and a condenser 36, is employed for with-
drawing vaporized refrigerant through the con-
duit 34 and for delivering condensed refrigerant

to a conduit 31. The motor compressor unit 35
may be of any suitable type, but I have preferred .

to show one of the hermetically sealed type; the
motor winding of which is shown at 38. Refrig-
erant ‘compressed by the compressor unit 35 is
delivered at relatively high pressure to the con-
denser 36 through a conduit 3. As the opera-

" tion of a refrigerating system of the compressor-

condenser-expander cycle is well known, it is not
deemed necessary to recite in detail this opera-
tion,

A suitable float valve 4§ for regulating the flow
of condensed refrigerant to the evaporator struc-
ture 12 is connected to the conduit 32 and, a
device 42 that operates to vary, in effect, the
refrigerant charge is disposed between the liquid
conduit 27 and the float valve 41. The device
42 includes a casing having a chamber 43 for
condensed refrigerant formed therein and a mov-
able displacing element 44 for varying the liquid
storing capacity of the chamber 43. The element
44 may be raised and lowered by a solenoid hav-
ing a core 45 and a winding 48; said element #4
being raised to permit condensed refrigerant to
collect in the chamber 43 when the solenoid wind-
ing 46 is energized and being lowered when the
winding 46 is deenergized for displacing the re-
frigerant in the chamber 43.

When the element 44 is in its first, or lower
position, it occupies the chamber 43 and prevents
the collection of condensed refrigerant therein,
and, therefore, substantially all of the refriger-
ant in the system is circulated by the tompres-
sor mechanism 35. Raising the element 44 to

a second position reduces the effective charge -

of refrigerant in the system, as condensed re-

~ frigerant gathers in the chamber 43 and does not

70

circulate through the evaporator. - The effective
charge of refrigerant is, therefore, reduced in an

. amount equivalent to the amount of liquid which

7

was displaced by element 44 when in the first or
lower position,

The purpose of varying the effective charge of
refrigerant is to change the operation of the

2,188,058

system, so that, in the first position of the device

42, cooling of the air in the chamber I to a .

desirable temperature is effected and, in the sec-
ond position of the device, quick freezing of lig-
uids at a low temperature is obtained without
materially reducing the temperature of the air in
the chamber 1.

The charge of refrigerant in the system is such
that when the displacing member 44 is'in its lower

_position condensed refrigerant fills the passages

24 of the shelves 21, 22 and 23 and a substantial
portion of the passages 18 of the walls 13 and (3",
Since the shelves 21,:22 and 23 are operated at
a low temperature and are shielded from the rel-
atively warm temperature of the air in the com-

-partment 1, vaporization is effected, mainly, in

the passages 18 of the walls 13 and 13’ which
abstract heat from the air in the compartment
f1{. The mean temperature at which the walls

I3 and (3’ operate is determined by the setting.

of a thermostat 47 and is of such value that the
air in the compartment is cooled to the required

degree but not low enough to eﬁect excessive

dehumidification thereof.

When the displacing member 44 is raised the
amount of refrigerant collected in the chamber
43 reduces the charge available for circulation so
that condensed refrigerant is present in the pas-
sages 24 of the shelves only. At this time the
motor compressor unit 35 is controlled by a ther-
mostat 48 which reflects the temperature of the
shelves and which is set to maintain a relatively
low or freezing temperature. . Vaporization is
effected in the shelf passages 24 until the desired
temperature is attained at which time the ther-
mostat 48 operates to stop the compressor. The
vaporized gas passing from - the passages 24
through the conduit 29 passes serially through the
wall 13’, the conduit 19 and the wall {3 to the suc-
tion conduit 34. The gas is superheated some-
what during its passage through the walls 13 and
13’ and therefore effects slight cooling thereof,
but the quantity of heat abstracted is relatively
small.

The electrical connectlons are shown in PFig. 1
and include line conductors L: and Lz represent-
ing the source of electrical energy. The thermo-
stat 47 is connected to the conductor L: and to
the motor winding 38, the opposite terminal of
the winding 38 being connected to the conductor
Lz. A conductor 49 leads from the conductor Iy
to the low temperature thermostat 48 and in-
cludes the solenoid winding 46. The thermostat
48 also connects to the motor winding 38 as shown.

It will be apparent from the foregoing that the
high temperature refrigerating element or the-

walls 13 and 13’ are given preference by this con-
trol system as the solenoid winding is shunted by
the thermostat 47 when both thermostats 47 and

48 are closed and calling for cooling. Accord-

ingly, the solenoid winding 46 is deenergized and
the displacing element is in its lower position
wherein all of the charge of refrigerant is circu-

lated. It will be understood that the control’

forms no part of my invention and any other suit-
able method of controlling the system may be
used. I have shown a different method of con-

trolling my improved apparatus in a copending .

application Serial No, 66,808 filed March 3, 1936,
and assigned to Westinghouse Electric & Manu-
facturing Company.

Operation .

In the position of the a.ppa.ratils shown in the
Fig. 1, the motor compressor 3% is inactive due

10,

15

25

30

35

40

50

60

65 -

70

(]



2,188,058

to the fact that both thermostats 47 and 48 are
open. Assume now that the temperature of the
low temperature element or shelves 21, 22 and
23 rises above & predetermined value. The ther-

5 mostat 48 closes and energizes the circuit includ-
ing the conductor 49, the winding 48 of the de-
vice 42 and the motor winding 38. The com-
pressor unit 35 now operates to circulate refrig-
erant as is well understood and the displacing ele-
ment 44 is raised so that the charge of refrig-
_erant available for circulation is reduced. Ac-
cordingly, the shelf passages 24 only receive con-
densed refrigerant as an insufficient amount is
passed thereto to cause refrigerant to pass

15 through the conduit 29 and spill into the wall 13°,
It will be understood that any condensed refrig-
erant present in the walls 13’ and {3 at the time
that the compressor starts will be vaporized but
this is soon exhausted after which vaporization
continues only in the passages 24 ¢f the shelves.
Operation continues until the temperature is
reduced to a relatively low degree at which time
the thermostat 48 is opened, and the ‘solenoid
winding 48 and the motor winding 38 are deen-

@5 ergized. Accordingly, the motor compressor 35

10

-

. stops and the displacing device 44 drops. The-

. refrigerant contained in the ¢hamber 43 is dis-

placed and drains back to the condenser 36

through conduit 37 although a small portion may
90 pass to the float valye 41.- Preferably, the con~
duit 37 connects to the chamber 43 at’a level lower
than the connection to the float 4f so that the

major portion of the displaced refrigerant drains

through conduit 31. )
85 Assume that the wall temperature now rises
to the value at which the thermostat 47 is set.
- The latter operates to close its contacts and ener-
gizes the motor winding 38, without epergizing
the solenoid winding 46. Refrigerant is circulat-

40 €d by the motor-compressor. 35 and, as the full

charge is available for circulation, the passages

28 and 18 are occupied by condensed refrigerant..

Refrigerant contained within the passage 18 is
vaporized by the heat of the walls I3 and 137,
45 Which heat is abstracted from the air within the
compartment (i, As the shelves 21, 22 and 23
are at a relatively low temperature and are shield-
. ed from the air in the compartment {1, substan-
tially no vaporization is effected therein. Refrig-
eration continues as long as the compressor unit
° 35 operates and, when the temperaturé of the
air in the compartment {1 or the temperature of
the walls 13 and 13’ is depressed to the desired
value, the thermostat 47 opens and terminates
§5 operation. ’

It. will be understood that, during this opera-

" tion, the refrigerant in the walls {3 and 13’ and
in the shelves 21,.22 and 23 will attain the same
temperature as it is subjected to substantially the

60 same pressure throughout. The temperature at -

which the thermostat 47 operates to terminate
operation of the compressor 35 is lower than the
temperature at which the thermostat 48 operates

to initiate operation of the same. This is de-
¢5 sirable In order that the compressor 35 is- not
maintained in operation by the thermostat 48
each time the thermostat 47 operates’to termi-
nate operation of the same, which condition
would exist if ‘the circuit closing temperature of

70 the thermostat 48 were below the circuit opening

: temperature of the thermostat 47. Therefore,
the mean or average. temperature at which the

walls 13 and 13’ are operated is higher than the

mean or average temperature of the shelves.
¥5 With the thermostat 48 set to close at & higher

_ ture of the air when operating.

. temperature than the opening temperatﬁre of -

the thermostat 47, evaporation is effected in the

.shelves when the walls are refrigerated, although

in a small amount. It might appear from the
foregoing that, where the difference between the . §
closing temperature of the low temperature
thermostat 48 and the opening temperature of -
higher temperature thermostat 47 is small, op-
eration of the compressor 35 would be initiated '
by the low temperature thermostat 48. shortly 10
after termination of its operation by the high
temperature thermostat 41. ‘This is not the case
as the low temperature shelves are shielded from
the air in the compartment |1 and are subjected "
to the cooling effect of the stored ice in the trays 15
25 so that g relatively long period of time will i
usually elapse before the shelves are increased
in temperature to the value at which the thermo-
stat 48 closes.

If the low temperature thermostat 48 is closed 20
for refrigerating the low temperature shelves 21,
22 and 28 and the thermostat 471 closes, it will be ~
seen that the solenoid coil 46 will be shunted
thereby and will be deenergized. Accordingly,
the member 44 drops and the supply of inactive o3
refrigerant in the chamber 43 is displaced and
passed to the evaporator structure. The increase
in the supply results in condensed refrigerant
passing upwardly in the conduit 29 and spilling
over into the walls 13’, the conduit 19 and the 30
wall 13, so that refrigeration of the walls 13 and -
{3’ is effected. If the thermostat 47 then opens
and the thermostat 48 remains closed, operation.
of the compressor unit 35 continies and the coil
46 of the solenoid is again energized for raising g5
the member 44. Refrigerant then collects in the
chamber 43 and reduces the charge, in effect, so
that refrigeration is effected only in the shelf
passages 24. S :

With this system of ‘control, it will be seen that ¢g
the high temperature evaporating elements are
given preference over the low temperature ele-
ments, but other suitable arrangements of the
control apparatus may be employed. ..

In my copending application, Serial No. 15,003, 45 .
filed April 6, 1935 and assigned to Westinghouse’®
Eleciric & Manufacturing Company, I disclose .

_and broadly claim a refrigerating system having

high and low temperature evaporating elements

_and employing a device for varying the effective go

charge of refrigerant delivered thereto whereby
refrigeration is selectively obtained in either ele-
ment. From the foregoing, it ‘will be apparent
that T have provided an improved systexf ‘of this =~ -
kind wherein the high and low temperature ele- 5g
ments are disposed in a single compartment and .
in .which the low temperature element ‘is so
shielded from the air in the compartment that
it effects substantially no reduction in tempera-
o .60
While T have shown my. invention in but one
form, it will be obvious to those skilled in the’
art that it .is not so limited, bu’é' is susceptible
of various changes and modifications without

" departing from the spirit thereof, and I desire, 65
- therefore, that only such limitations shall be :

placed thereupon as are imposed by the prior art .
or as are specifically set forth in the appended-
claims, - T ’ R
‘What I claim is: . o 70 .
‘1. In refrigerating apparatus, the combination
of a cabinet structure having a compartment
formed therein, an- .evaporator structure ar-
ranged within thé compartment and including a-
relatively high temperature refrigerating element 75
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exposed to the air within the compartment and
having a passage for refrigerant formed therein,
sald structure including a relatively low tempera-
ture refrigerating element disposed within said
high temperature element for receiving sub-
stances to be congealed and having a second pas-
sage for refrigerant formed therein, means for
conveying condensed refrigerant to the evapor-
ator structure, and means for selectively adjust-
ing the flow of refrigerant conveyed by the last-
named means to said passages ‘wherein it is
vaporized to primarily effect refrigeration of
either the high or low temperature refrigerating
‘elements. .
2. In refrigerating apparatus, the combination
of a cabinet structure having a compartment
formed therein, an evaporator structure arranged
within the compartment and including a plurality
of wall members exposed to the air within the
compartment, said wall members having a pas-
sage therein for refrigerant, said evaporator
structure including a shelf disposed within the
wall members and having a passage therein for
refrigerant, means for conveying condensed re-
frigerant to the evaporator structure and means
for selectively controlling the flow of condensed
- refrigerant to said passages wherein it is vapor-
ized to primarily effect refrigeration either of the
wall members or of the shelf.
3. In refrigerating apparatus, the combination

~ of a cabinet structure having a compartment

- 35

formed therein, an evaporator structure disposed
within said compartment and including wall
members for cooling the air in the compartment
and constituting a high temperature refrigerating
element, said evaporator structure including a
shelf disposed within the wall members and con-
stituting a low temperature refrigerating ele-

. ment, means: for ‘condensing refrigerant vapor
and for translating it to said refrigerating ele-

40

ments, and means for controlling the flow of re-

- frigerant translated by the last-named means so

45

- .50

that it is effective for refrigerating primarily, ei-
ther the low or high temperature evaporating
elements. - o S

4. In a refrigerating system, the combination
of a cabinet having a compartment formed

therein, an evaporator structure disposed within

the compartment and including a plurality of
wall members defining a chamber therebetween,

" at least a portion of. said wall members including

‘e
&

60

k,

65

a passage for refrigerant, a shelf arranged with-
in the chamber and having a passage therein for
refrigerant, means. for circulating refrigerant in
series through the passages of the shelf and wall
member in the order named and means for se-

lectively varying the flow of refrigerant trans--

lated by the last-named means to said passages
wherein it is vaporized to primarily effect re-
f{;igeration either of the wall members or of the
shelf.

5. In refrigerating apparatus, the combination
of a cabinet structure having a compartment
formed therein, an evaporator structure arranged
within said compartment and including a plu-
rality of wall members defining a- high tempera-
ture evaporating element, said structure includ-

- ‘Ing a shelf member disposed within the wall mem-

70

bers and deflning a low temperature evapolrating
element, g refrigerating machine for condensing
refrigerant. vaporized in said evaporating ele-
ments and for translating it in serles through said
low and high temperature evaporating elements,
and a device for varying the effective charge of

78 refrigerant translated by the retrigerating ma-

\
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chine and movable to a first position wherein
condensed refrigerant occupies the low and high
temperature evaporating elements, said device be-
ing adjustable to a second position in which con-
densed refrigerant occupies the low temperature
evaporating element only.

6. In refrigeration apparatus, the combination
of a cabinet structure having a cooling compart-
ment therein, a relatively high temperature evap-
orating element arranged in heat exchanging re-
lation with the air in the compartment and in-
cluding wall members for defining a chamber
therebetween, a relatively low temperature evap-
orating element arranged within said chamber
for chilling substances to be congealed, a refriger-
ating machine for conveying condensed refriger~
ant to said low temperature element, means con-
necting said low and high temperature elements
and providing for series flow of refrigerant there-
between, and a device for varying the effective

charge of refrigerant in the refrigerating ma-.
chine and operative, in a first position, to deliver
condensed refrigerant to the high and low tem-

perature evaporating elements, said device being

" adjustable to a second position in which -con-

densed refrigerant is delivered to said low tem-
perature evaporating element only. -

7. In refrigeration apparatus, the combination
of a cabinet structure having a cooling compart-
ment therein, a relatively high temperature
evaporating element arranged in heat exchang-
ing relation with the air in the compartment and
including wall members for defining a chamber

‘therebetween, a relatively low temperature evap-

orating element arranged within said chamber
for chilling substances to be congealed, a refrig-
erating machine . for conveying condensed re-

Arigerant to said low temperature element, means

connecting said low and high temperature ele-
ments and providing for series flow of refrigerant
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therebetween, and a device for varying the ef- -

fective charge of refrigerant in the refrigerat-

_Ing machine and operative, in a first position, to

deliver condensed refrigerant to the high and
low temperature.evaporating elements, said de-
vice being adjustable to a second position in

. Which. condensed refrigerant is delivered to said

low temperature evaporating element only,
means for initiating operation of the refrigerat-
ing machine and for effecting movement of the
device to its second position, said last-mentioned
means effecting movement of the device to its
first position, when terminating operation of the
refrigerating machine and means for initiating

"and terminating operation of the refrigerating

machine without effecting movement of said
device. )

8. In refrigerating apparatus, the combina-
tion of a cabinet structure having a compartment
therein, a relatively high temperature refriger-
ating element disposed in said compartment for
cooling the air therein, a relatively. low tem-
perature refrigerating element disposed within
said higher temperature element, means for con-
densing the refrigerant vaporized in said refrig-
erating elements, means for conveying refriger-
ant from the condensing means to said elements
in such manner that liquid refrigerant flows into
the low temperature element in preference to the
higher temperature element, and means for se-
lectively varying the amount of refrigerant in
said elements. so that Hquid refrigerant at one
time fills a substantial portion of the higher tem-

45
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Derature - element for effecting refrigeration .

thereof at relatively high temperature and pres-

5
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sure, and at another time, the high temperature
element receives substantially no liquid refrig-
erant so that vaporization at relatively low tem-
perature and pressure is effected in the low tem-
perature element and means for selectively pro-
ducing the effect of increasing the refrigerant
charge to the extent of causing liquid refrig-
erant to fill a substantial portion of the higher
temperature element, for effecting refrigeration
at relatively high pressure and temperature in
the higher temperature element or producing

‘the effect of decreasing the refrigerant charge

to the extent that the higher temperature ele-
ment receives substantially no liquid refrigerant,
for effecting refrigeration at low pressure and
temperature in the low temperature element.

9, In refrigerating apparatus, the combination
of a zone to be refrigerated, a relatively high
temperature evaporating element disposed for
cooling the air in said zone and forming a cool-

ing chamber within the zone, a relafively low -

temperature element for cooling media in the

chamber to & relatively. low temperature,. said

S

low temperature element being shielded by the
high temperature element from the air within
sald zone, and means for supplying condensed
refrigerant to said elements and adjustable to a
first position wherein condensed refrigerant sub-
stantially fills the low temperature element and
a portion of the high temperature element, said
means being adjustable to a second position
wherein condensed refrigerant is delivered to the
low temperature element only.

10. In refrigerating apparatus, the combina-
tion of means defining a zone to be refrigerated
at a relatively high temperature, an evaporating
element disposed for cooling the air in said zone
and defining a chamber therein, a second evapo-
rator element disposed within said chamber and
shielded by the first evaporating element from
the air in the zone for refrigerating media in the
chamber to a relatively low temperature and
means for translating refrigerant in series first
through the second element and thence through
the first element. ’

LESLIE B. M. BUCHANAN.
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s CERTIFICATE OF CORRECTION. ‘ ,
. patent No. 2,133,953.° _ October 25, 1938.
- - _IESLIE B. M. BUCHAMAN. | |
"It 1s hereby certified that error appears in the printéd specification
of the above numbered patent requiring cbrrection as follows: Page 5, first
~column, line 5, claim 8, beginning with the. words "and means for" strike
out all to and. including the word “"glement", in-line 16, ‘seme ‘claim; énd
that the sald Letters Patent should be read with thils correction therein
that the same mé.y_ conform to the record of the case .in the Patent 0ffice.
'Signed and sealed this 6th day of December, ‘A. D. 1938.

Henry Van Arsdale

(Seal): ‘ Acting Commissioner of Patents. -



