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27 Claims.

This invention relates to a method of refrig-
eration and apparatus for maintaining a refrig-
erated space at a desired temperature. More
particularly the invention is concerned with low

'5 temperature maintenance, in a space for prod-

. ucts to be refrigerated, in a novel manner so that

economical refrigeration is secured from a cold
body or refrigerant.

As a refrigerating material solid COz is pref-

10 erably employed although features of the inven-
tion enable other refrigerants or cold bodies to
-be used to advantage.  Certain novel features
are disclosed enabling this very intense refrig-
erant, solid carbon dioxide, to be employed eco-
15 nomically, as well as other like refrigerants, and
. different temperatures maintained with ease and
accuracy in a refrigerated space as desired.
In accordance with this invention, a method
- of efficiently utilizing the heat absorbing value of
20 solid carbon dioxide is provided. Thus, the solid
CO:z is preserved in zuch relationship to the space
-refrigerated that solid carbon dioxide is sub-
limated in accordance with the need for refrig-
eration and the space is kept cold within a rela-
95 tively narrow temperature range, as desired.
Thus, the solid carbon dioxidé does not spend it-
self in cooling below a désired temperature the
refrigerated space but, instead, its heat absorb-
ing value is employed in maintaining the space
30 at the desired temperature, usually 100° F. to
150° F. higher than the solid carbon dioxide.
This feature of the invention is applicable to
other refrigerants or cold bodies. Thus, it can be
used with ice, bodies maintained cold by mechani-
cal work or bodies first cooled to very low tem-
peratures and then used as refrigerants by letting
them absorb heat, usually that necessary to con-
vert a salt or salt mixture, contained in the body,
from solid to liquid form. The bodies may be
40 cooled or super'cooled, being refrigerated at night
and used as cold sources during the day.

The invention is also concerned with refrig-

erating apparatus for a very efficient utilization
- of the heat absorbing value of the cold body.
45 This apparatus enables the low temperature of a
low temperature refrigerant as solid carbon di-
oxide to be efficiently applied to a refrigerated
space so that the heat absorbing value of the re-
frigerant is utilized to advantage, while the space,

(-]
&

50 and products therein, is not cooled below a de-_

sired temperature.

A varticular refrigerating apparatus of this in-
vention enables different temperatures to be
maintained in different réfrigerated spaces even

55 though only one cold body is used. In this ap-

(CL 62—91.5)

paratus, for instance, it is possxble to have one

space maintained at —20° F., another at 0° ¥

and another at 40° F. so that‘various products can o

be kept to greatest advantage. Thus, the cold is
not used up needlessly in cooling and maintain-
ing a product at a lower temperature at which it
“will be preserved. For instance, ice cream and
the like can be kept in the 0° F. compartment
and soft drinks and the like in the 40° F. com-
partment so that they are chilled and palatable.

10

In the practice of the method, according to one

form, the cold body; as solid COg, is placed in a
heavily heat irisulated container placed out of
heat absorbing contact with the chamber to be
refrigerated. In this form, heat is absorbed and
removed from the refrigerated space only by a
current of gas through the refrigerated space and

back to the cold body. The temperature in the

chamber is regulated by controlling gas passage
through the conduit. Thus, when the refriger-
ated space is down to the temperature desired,
gas passage is practically shut off through the
conduit; enough gas may be permitted to pass to
sompensate for heat absorption by the refriger-
ated spaced from the. atmosphere or the insula~-
tion between the cold body and the refrigerated
space may be such that the body can absorb suffi-
cient heat directly to maintain the refrigerated
space at a temperature no lower than the mini-
mum temperature, if the refrigerated space is not
disturbed for a period of time.

When the temperature in the refrigerated
chamber rises, as by reason of a hot body there-
in, the gas is ‘permitted to pass freely through
the conduit, a portion of which is in a heat’'ab-
sorbing relationship to the refrigerated cham-
ber. The gas cools the heated portion of the
conduit and carries off the heat, the hot gas re-
turning to the solid carbon dioxide, or other re-

- frigerant or cold body, and giving up its heat.
In the case of solid carbon dioxide, more cold,
heavy gas is caused to sublime by the relatively
hot, return gas contacting the solid carbon di-
oxide, thereby increasing the quantity of gas and
lowering the temperature of the gas passing
through the conduit. The conduit. is cooled by
the cold gas therein and is thereby effective

to maintain the chamber at the desired tempera~

ture.

" I have found the use of the atmosphere of the
cold body container to be very effective in re-
frigerating a chamber because of the accuracy
and simplicity of control and because of the effi-
cient refrlgeratlon secured. This is particularly
50 in the case of solid CO2. The atmosphere of
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the container is circulated through the COz con-
tainer and through a conduit in the chamber to
be refrigerated. Since a plurality of conduits
may be extended from the cold body container,
multiple refrigeration is made very easy and sev-
eral chambers can be held at different tempera-
tures.

The conduit portion which extends out of and
away from the refrigerated chamber is preferably
of relatively poor heat conducting material while
the portion in the refrigerating chamber is a good
heat conductor. By using such a construction,
refrigeration of the chamber is facilitated while
heat transmission by the conduit from the rela-
tively hot refrigerated chamber to the very cold
body or refrigerant is cut down to a minimum.

In other forms of apparatus, circulation of a
cold gas other than the refrigerant is employed
and in one form a conduit-system is provided
which includes the space to be refrigerated.
Since the cold gas passes through the refriger-
ated space it will acquire a slight water content
which, upon the gas contacting a colder surface,
will form frost. Some solid carbon dioxide con-
tains water and ‘this increases the humidity of
the carbon dioxide container, or the humidity of
the container may be high for various other
reasons and in controlling gas flow, valves or

other movable mechanisms will become frosted

to an extent rendering them inoperative. I have
found generally that by providing the valve, or
other flow control mechanism, in contact with
the relatively. hot, return gas, even though the
gas may have a higher moisture content per unit
quantity of gas than when the gas is cold, the
valve, or other control mechanism does not be-
come “frozen up” and so rendered inoperative.
Thus, the refrigerated chamber can always be
effectively refrigerated and the chamber will not
be cooled down to an extreme temperature by
freezing up of the valve, or other control mech-
anism. : '

When the solid CO:z sublimes to liberate cold
CO: gas, the liberated gas, about five hundred
times the volume of the solid from which it came,
must eventually be released. In. accordance with
this invention, the gas to be liberated is made

‘use of to cool the refrigerated space and to cut

down heat leakage from the atmosphere into the
refrigerated space. The gas is passed into a thin,
flat conduit forming. a wall or walls of the re-
frigerated space as well as into the cellular in-
sulation about the refrigerated space. The gas
is kept under a back pressure by the release
valve or ‘exit orifice so that the gas sweeps
through slowly and absorbs heat that would

otherwise eventually leak into the refrigerated.

space. The back pressure maintained also pre-
vents the CO:z gas, which is heavier than air,
from siphoning out of the low level exit and so
providing an_easy atmospheric exhaust for the
GOz gas. The holding of a back pressure on the
gas and the use of a low levél outlet enable very
efficient use to be made of the gas. Heretofore,
only high: level outlets have been used with the

result that handling of the gas was not as facile

as compared with handling with a low level out-
let and holding a back pressure on the gas to be
released.

The foregoing objects as well as other addi-
tional objects and features. of the invention will
appear in the following wherein the preferred
method and preferred forms of apparatus are

disclosed in detail. - )
In the drawings.accompanying and forming
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a part of this specification, Figures 1 to 5 in-
clusive are sections through various refrigerating
apparatus showing how the method of my in-
vention is employed and also certain features and
arrangements in the apparatus. Figure 1 is a
section on line {—I of Figure 2 and Figure 2 is
"a section on line 2—2 of Figure 1. Figure 3 is
a view partly in section through another refrig-
erating apparatus. Figure 4 is a section on line
44 of Figure 5 and Figure 5 is a section on line

" 5—5 of Figure 4.

Figure 6 is a section through an ordinary ice
box adapted to use solid carbon dioxide. _

Figures 7, 8, 9, 10, and 11 illustrate a novel
way of de-icing a refrigerator.

Figures 12, 13, and 14 illustrate certain fea-
tures of the invention relative to localized cool-
ing in the conduit for the refrigerant.

‘Figure 15 is a section through a refrigerator
embodying features of my invention.

In the refrigerator shown in Figures 1 and 2,
a refrigerator of the upright type is convention-
ally indicated as comprising a box-like struc-
ture or container I, the outer walls and doors 2
which are of any suitable heat insulating con-
struction. Spaces or chambers 3 are to be re-
frigerated while space 4 is provided as thé con-
tainer for the cold body 6 which preferably are
packages or lumps of solid carbon dioxide al-
though a body maintained mechanically cold or a

10

15

.20

30

refrigerated container or body such as a solidi- .

fied solution of a salt or mixture of salts can be
used. ‘The intense refrigerant is preferably stored

out of heat absorbing contact with chambers 3

and the only heat removed from chambers 3 by
the heat absorbing value of the refrigerant is by

circulation of the atmosphere of the refrigerant -

container by conduits 1T and 8 through spaces 3.
Thus, except for the heat absorbed by cold gas
in conduits 7 and 8, substantially no heat will
be absorbed and so removed by the refrigerant
in space 4. This enables an accurate control
of the temperature in spaces 3 and an economical
application and utilization of the intense cold
of such a refrigerant as solid COz2 to domestic re-
frigeration. Thus, the extreme temperature of
minus 110° F. of solid CO:z can be economically
utilized to maintain domestic refrigerating tem-
peratures of say from 0° F. to 40° F.

Instead of insulating the cold body or refriger-

‘ant substantially completely from the chamber

or chambers 3, the insulation can be such that
the refrigerant absorbs some heat, just enough
to keep the chamber 3 at the desired minimum
temperature if it is not disturbed, the refrigerant
taking up the heat leakage into chamber 3.
Valves 9 and I are placed in conduits 7 and
8 and are hand or thermostatically operated by
devices 12 to control gas flow through the respec-
tive conduyits to maintain chambers 3 at desired
temperatures. Devices 12 can be placed at any
convenient or desirable location in a chamber 3.
Valve 8 can be manipulated so that sufficient
gas is circulated through conduit T tc maintain
that chamber 3 at 0° P. while the other valve 14
can be manipulated to keep the other chamber 3
at 40° F. In this way an intensely cold refrigerant
can be.employed to refrigerate to different ex-
tents a plurality .of separate spaces by circula-
tion of the refrigerant container -atmosphere in
only thermal contact with the chambers to be

_refrigerated and’ back into both thermal and

actual contact with the solid COz.
Portions of conduits T and 8 are preferably of
poor _heat conducting material to prevent heat
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being transmitted from a relatively hot refriger-
ated chamber to the intensely cold refrigerant
storage space. - Thus, horizontal portions {3 are
made of balsa wood, bakelite, tin or other poor
heat conductor while vertical portion 14 is a
good heat conductor of tinned copper or the like,
In this way, heat removal is limited to that neces-
sary to keep the refrigerated space at a desired

- temperature and the refrigerant is economically

10

15

20

employed. :

When a chamber 3 is above the desired tem-

perature, the control valve 9 or Il permits cir-
culation of the refrigerant. container atmos-
phere through the conduit in the chamber. The
cold gas absorbs heat from the conduit, and the
relatively hot gas returns to the cold body to be
cooled, to the solid COz container to be ‘covled
and to cause more gas to sublime. In this way,
with solid COz, gas formation iIs substantially
limited to those periods when it is required fo
cool chambers 3 and then substantially in pro-
portion to the demand for cold. The hotter the

+ gas return, the more that is caused to sublime.

25
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Quick, thorough and economical refrigeration is
thus made possible since sublimation of CO2
is' confined to that necessary to refrigerate g
chamber to a desired temperature. When the

temperature of the chamber reaches that de--

sired, the cold body, usually solid COq, is shut off
substantially completely from the chamber, being
thermally insulated therefrom substantially en-
tirely, although enough heat may be sllowed to
Fass to the cold body to permit the cold body to
keep the chamber at a minimum if it is not used
for some time. The cold body, however, can-
not cool! the chamber excessively below the de-
sired minimum and refrigeration is substantially
accomplished, when the chamber is in use, by
gas circulated through conduits 7 and 8 and back
to contact the solid CO2. This I have found to

. be more practical and successful than an unin-
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sulated or only partially insulated COz container
as in the Josephson and Slate Patent 1,796,907, 3
more economical and accurate refrigeration
being secured.

The foregoing .principles are generically ap-
plicable in various ways. Thus, a refrigerator
Tl (Figure 6) built to use ice can be adapted
to use solid carbon dioxide T8 economically by
providing an insulated container 12 to fitinto ice
space 13 of the refrigerator. The container in-
cludes one or more conduits 14 with valve 16
therein, controlled by device 17, to transfer heat
irom the products in the refrigerator to the solid
carbon dioxide and secure a prompt removal and
absorption of this heat. Excess gas from .the
carbon dioxide can be passed into the container
insulation as at 18 and then to the atmosphere

or to the interior of the refrigerator. Such a

unit permits of the ready adaptation of ice boxes
to solid carbon. dioxide. :

With' solid CO:, excess sublimed: gas is re-
leased to the atmosphere, ‘conveniently through
passage 16 in weighted, removable cover 11 for

container 4. Pressure release valve (8 controls -

gas exit from- the refrigerator, preserving pres-

sure on the solid CO: to cut down its release from

the refrigerator so that the gas does not siphon
out, If desired, instead of releasing all gas
directly to the atmesphere, a portion or all of
the gas, depending on the setting of valve 18,

- Is conducted by ducts 19 into the space between

]

walls 20 and 21 which form a double wall con-
struction. In this way, the cooling and insulat-
ing -effect of the CO2, or cold atmosphere of

'
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3
the cold body container 4, is made use of to cub
down heat transmission through the walls of
the refrigerator. ' :

If a cellular, porous or fibrous heat insulation
is used as diatomaceous earth, sawdust, pow-
dered cork, pressed fiber board or. the like, as
opposed to an impenetrable material, some of the
gas is allowed to escape through ducts 22 into
the insulation. Gas from Dbetween the double

"~ walls 20 and 2{ is also allowed to escape to the

insulation through ducts 23 and gas from the in-
sulation is allowed to escape to the atmosphere
through gas release orifice 24, preferably at the
bottom of the refrigerator and either a pressure

valve or a small orifice to hold a back pressure |

and prevent the cold, heavy gas siphoning out
too rapidly. The gas displaces the air and cuts
down and carries away, if allowed to escape, some
of the heat from spaces 3. With ducts 22 and 23
discharging at a high level into the insulation
and duct 19 discharging at a low level into the

- double wall, duct 24 is positioned at a Iow level

so that the gas rises between the double walls
and falls and sweeps through the insulation.
The gas cuts down heat
walls and insulation as its temperature rises and:
it-sweeps out through release orifice 24 which is
small enough to maintain a back pressure on
the gas and to prevent it from siphoning out,

In Figure 3, I have shown another refrigerator
wherein an intense refrigerant as solid COz or g’
cold body 6 is stored in a container 3 I surrounded

sakage through the -

20

30

by heat insulating material 32 50 as to be out of -

excessive heat absorbing contact with refrig-
erated space or chamber 33 in refrigerator 34.
Chamber. 33 is surrounded on five sides with thin,
flat walis 36 spaced apart to form a conduit
about the refrigerated space and to release gas

through high level ducts 35 into the insulation

32 and then to the atmosphere through low level
duct 30 which is small enough to hold a back
bressure on the escaping gas.

Cold gas, either that subliming from solid COz
or passed from a cold body, can pass into the

" space 40 between the double walls to refrigerate

chamber 33. Gas passage is regulated to control
the temperature of space 33. Thus, valve 39 is
mounted for operation by bimetallic strip 41 over
an end of conduit 42 providing passage 31. Ad-
Justing screw 43 enables the valve operation to
be varied and the temperature of chamber 33 is
changed. a

In this case also, gas sublimation from the
solid COz is controlled in accordance with the
necessity of furnishing cold to space 33 and only
when cold is necessary does hot gas ordinarily
return to the refrigerant, to increase sublimation
from the solid carbon dioxide if that is the re-
frigerant used. The atmosphere of the refriger-
ant contaiher is that circulated to cool the cham-
ber 33. .

In Figures 4 and 5, I have shown a refrigerator
$1 in which principles hereinbefore disclosed are
utilized. In this refrigerator chambers or spaces
52 and 53 are to be cooled. The two chambers
are separated by wall means 54 of heat insulat-
ing material so that the temperature in one
chamber will not affect the other. Wall means
54 contains and forms a container or chamber 58

at the top of the refrigerator. Within the cham- 7

ber 56 but spaced therefrom is refrigerant con-
tainer 57; chamber 55 is such that the refrigerant
or cold body cannot cool the chambers below
the minimum temperature when the chambets
stand unused for a period; preferably the cham-
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ber prevents’i the refrigerant or cold body from
cooling the chambers at all unless gas flows

through passages 62. Depending on the intensity

of the refrigerant employed container 57 may be
made more or less of good heat conducting ma-
terials. Thus, I have shown it of metal and sup-
ported on the refrigerator by screws 58, a wall
59 depends to wall 54 to separate the spaces 52
and 53.. A parcel of solid COgz, a mechanically
cooled body or a cold body, can be used as the
refrigerant.

Passages 80 and 61 are provided in chamber 56,
passages 60 being at the top to permit hot gas to
enter from the refrigerated space and passages
61 adjacent wall 54 to allow cold gas to fall.
Valves 62 and 63,-hand or thermostatically oper-
ated, control gas admission by the passages 60 so
that the desired temperature is maintained in
the spaces 52 and 53 by controlling valves 62 and
63, the spaces 52 and 53 can be maintained at
different temperatures or the same temperature.

It is to be noted that valves 62 and 63 are
placed in upper passages 60 so that they are in
contact with relatively hot gas and do not be-
come frosted and rendered inoperative by freez-
ing. Valves placed in the downflow of cold gas
soon become frozen and inoperative.

From the above it will be evident that intense
refrigerants or cold bodies can be used to main-
tain domestic refrigerating temperatures by seal-
ing the refrigerant off out of contact with the
space to be refrigerated and conducting under

" regulated conditions a thermal agent from the

40
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refrigerant container to the space to be refrig-
erated and returning the hot thermal agent to the
refrigerant to induce further refrigeration.
While the thermal agent can be the atmosphere
of the refrigerated space, as in the form shown
in Figures 4 and 5, a gas can be employed which
is kept entirely out of direct contact with the
refrigerated space and which is the atmosphere
of the cold body container, thereby obviating any
danger of bacterial or odor contamination of the
refrigerated space from the refrigerant.

The storing of the refrigerant under thermal
conditions where excessive. cooling of the refrig-
erated space is avoided and the only heat ab-
sorbed is that conducted by a controlled conduit
system, in which COz gas—the atmosphere in the
cold body container—is preferably circulated and
returned into direct contact with the solid COz
to cause further CO:z sublimation, enables an
economical and efficient utilization of the intense
refrigerant to be secured.

A unit has also been disclosed enabling a pres-
ent ice refrigerator to be adapted to solid carbon
dioxide. This unit is placed in the ice space and
when set to preserve a certain temperature does
so as long as supplied with solid carbon dioxide.

The use of cold gas to improve cooling and
insulation of a refrigerator has also been dis-
closed, the gas being passed into the space be-
tween double walls or into the insulation. Gas
is allowed to escape through a low level exit pro-
vided by -an orifice which. restricts gas flow to
prevent siphoning of the cold, heavy gas.

Another feature of my invention is shown in
Figures 7 to 9 inclusive. This has to do with
the “de-icing” of refrigerator units and is generi-
cally applicable to those bodies maintained at a
temperature at which condensation and freezing
takes place upon the body. Thus, in a domestic
refrigerator, employing a mechanically cooled
unit, it is necessary to «de-ice” about every ten
days because the unit has become encrusted with

2,005,847

a layer of ice formed from water vapor in the
refrigerator. The “de-icing” operation includes
a temporary disablement of the whole refriger-
ator by shutting off power to the mechanical unit
supplying a refrigerant gas under pressure. The
period of disablement varies in length depending
on the procedure followed; all procedures involve
the warming up of the refrigerated space so that
the encrusted ice layer on the unit melts and falls
off. During this operation, the contents in the
refrigerator warm up and the facilities for ‘“ice
cube” and “quick cooling” for desserts and the
like are not available for use.

In accordance with my invention, it is not nec-
essary to disable the refrigerator or warm up
the refrigerator to any substantial extent and
so interrupt the normal operation of the refrig-
erator. It is my invention to melt the layer of
frozen material, water or other material, joining
the encrusted layer to the cooled unit so that
the whole layer falls away and can be removed.
Only a small quantity of heat is necessary to
melt this small skin like layer—and the encrusta-
tion as a whole does not have to be converted to
liquid. . )

In Figure 7, I have shown an insulated electric
heating coil 81 placed around conduit 82 through
which a cold gas is circulated to refrigerate prod-
ucts. Due to the low temperature maintained
by circulation of cold gas, which may be CO2
gas in conduits 1, 8 or 14, moisture collects on
conduit 82 as ice. Coil 81 heats rapidly, upon
current being applied, and the film of ice in con-
tact with conduit 82 melts rapidly, releasing the
encasing ice in a minute or two after the current
is turned on. Since the heat is supplied at the
point where the jece joins the conduit, & great
quantity of heat is not necessary and the heat
supplied is effective to release the ice encrusta-
tion.

As I have stated, the invention is generically
applicable to de-icing generally and in Figure 8
I have shown a refrigerating unit 86 in a refrig-
erator 87, the unit being supplied with a gas ex-
parded to cool and absorb heat from unit 86.
The exterior surface of the unit, and those sur-
faces collecting ice, includes heating unit 88.
While in the drawings, the extent of the unit has
peen exaggerated somewhat, the unit is effective
to liquefy the ice layer. immediately against the
unit so that the ice encrustation falls away.

In Figure 9, I have shown a refrigerating unit
9{ combined with means for heating the unit,
being an electric heating coil 92. The coil is
included in a circuit with a switch 93. When it
is desired to de-ice the unit, the switch is closed
and, after a time interval, a minute or more,
the switch is opened automatically by means 94
so that thereafter the de-iced refrigerator re-
sumes normal operation. The time interval over
which the heating coil must supply heat varies
with the surface extent of the refrigerator unit
and the rate of heat supply. In practice, suc-
cessful de-icing is secured in about a minute.
The time and fuss necessary to de-icing is effected
by merely pressing a switch button and in a min-
ute or two removing the tray for ice and water
from the de-iced cooling unit.

The heating means are placed as close as prac-
tical to the exterior surface of the unit so as to
heat and melt the layer of ice securing the en-
crustation to the cooling unit. Thus, little if any
heat passes into the unit and the gas therein,
the heat effectively releasing the ice.

In some instances, it is desirable fo prevent
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excessive circulation of the refrigerant during
the heating and in Figure 10 I have shown a

‘valve 96 in refrigerant circulation conduits 98.

* Valve 96 is closed automatically upon heating

10

of the refrigeration unit 91 and for this purpose
I include a-solenoid 81 which operates, upon
operation of switch 93, to close and open valve 96.

By preventing refrigerant circulation during

“de-icing”, an excessive demand upon the cold -

source is prevented. This is particularly -so in
the case where solid carbon dioxide is used for

. ‘the heated gas returns to the.cold solid to cause
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sublimation of additional cold gas. The net re-
sult is that the heat supplied to de-ice is par-

‘tially offset by an increased gas formation and

a loss in the solid. In Figure 11 I have shown a
device particularly adapted to control a refriger-

_ant as cold carbon dioxide gas both during de-

icing and normal operation. A conduit. 100 ex-
tends from an opening 101 to a compartment

102 for a cold body as a block of solid carbon .

dioxide. ‘A valve seat 103 is positioned in the con-
duit cooperably with respect to valve disc 104
so that fluid flow through the conduit can be
controlled.. The valve disc is connected by a
universal joint 106 to curved bimetallic strip
member {07 which is hinged on a transverse rod
108 so that an end of the member 107 is fixed. A
bracket 109 is secured to member {07 and an arm
111 of crank 112 is positioned between the bracket

and member {07. A lever 113 is fastened to the -

arm {14 of crank {12, the arm 114 extending out-
side of housing 116 to receive the lever [13.
Movement of lever 113 changes the position of
valve disc 194 relative to valve seat 103 by moving
member 107 about rod 108. The relative position
of the valve disc to the valve seat detérmines the

gas flow through the conduit and thereby the

temperature in space 115 where products to be
refrigerated are placed.

To move valve disc 104 to engage valve seat

103 upon energization of heating coil {17, sole--

noid 118 is secured on housing 116 so that plung-
er 119 engages bimetallic strip 107 upon current
passing through circuit 95. In this way undue
sublimation of solid carbon dioxide is avoided
since the heated gas is not allowed to circulate.
Upon deenergization of circuit 95, plunger 119 is
released and bimetallic strip 107 returns the valve
disc to a position in sccordance with the setting
by lever {13 and the temperature. The bi-
metallic strip is responsive to temperature and
normally functions to operate valve disc 104 to
control gas flow through conduit (00. While the
gas in conduit is heated when valve disc 104 is
held on valve seat 103 upon energization of heat-

ing means 1 {7 and solenoid [ 18, the total amount ’

of solid carbon dioxide required Subsequently to
overcome the de-icing operation is less than when
free gas circulation is allowed through conduit
108 during de-icing.

In operating with refrigerants havmg a rela--

tively low specific heat, the use of relatively large
volumes is necessary to secure g given amount of
cooling, During periods when refrigeration is
not; required and circulation of the refrigerant
is practically at a minimum through the refriger-
ation unit in the space for products to be refrig-
erated, I have observed localized cooling of sec-
tions of the unit so that refrigeration went on.
'This is illustrated more or less diagrammatically
in Figure 12. Thus, conduit {2i, Figures 12 and
15, extends through wall 122 of solid carbon di-
oxide container 123 into space 124 for products
to be refrigerated in refrigerstor (20, Valve 126,

B

controlling cold carbon dioxide gas fow through
the conduit, is shown in closed position. Under

- these conditions cold, heavy gas enters along the

" dioxide.

lower surface of the conduit, following generally

" the path of the arrows and .returning along the

upper surface of the conduit to the solid carbon
This.is undesirable for the lower por-

tion of the conduit 121 is cooled and accurate

control of refrigeration a,s well as uniform refrig-

- eration are not secured.

I have found that by sub-dividing’ the conduit
{21 into a plurality of small passages, localized
gas flow is largely, if not completely, obviated.
Thus, as appears in Figures 13 and 14, walls 127-

-divide conduit 121 into a plurality of passages,

the total area of which is practically that of the
conduit without the walls. The walls 12T can be
either of good Leat conducting material or not,
depending upon the particular conditions of oper-
ation. . With the walls of poor heat conductivity,
the tendency for localized gas circulation is low-

ered and when valve 126 is closed, the gas re-’

mains practically quiescent in conduit 121. With
still gas conditions in conduit {21, an accurate
control of refrigeration of products in spa.ce 124
is secured.

Still gas conditions can be secured or improved
by using several valves or other gas flow impeding
means in conduit {21. Thus, as appears in the
left hand portion of Figure 15, I utilize two valves
126 operated by-a single thermostatic means 128
so that both valves shut off flow at the ends
of the conduit and prevent entrance or exit of
gas in the portion between the valves.

" The valves can be positioned as shown in the
right hand portion of Figure 15—close to the

refrigerant source so that the refrigerant can

have hardly any effect on the space 124. In this
portion of Figure 15, the valves are separately
controlled by means 129. Some localized gas
circulation can occur under these circumstances
but means 129 prevent undue cooling of any por-
tion of the refrigerated. space and shut off the
associated valve upon the refrigerated space im-

' mediately adjacent the means 129 attaining the

requisite temperature to operate means 129.
Under conditions of use, a refrigerator em-
ploying a refrigerant as solid carbon dioxide is
replenished only periodically. A day or more may
elapse between fillings and, during the interval,
the refrigerant is used up. I have observed that
under these conditions it was extremeély difficult,
if. not impossible, to maintain a constant low
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temperature in the refrigerated space and that

many, times the temperature of the refrigerated
space rose as the supply of refrigerant decreases.
This difficulty I have been able to overcome by

maintaining a more or less constant relationship

between the upper surface or level of the refrig-
erant and the refrigerator so (t*hat the supply
of cold; heavy gas from the cold body was-of
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about the same height, irrespective of the quan~ .

tity of effective co_ld body present. By maintain-
ing fhe refrigerant in this way, the desired tem-
perature can be maintained when the refrigerator
is first replenished and when the refrigerant has
materially diminished.

. In Pigure 15 I have shown a way of securing -

this operation. A refrigerant as a block of solid
carbon dioxide (31 is placed on a tray or sup-
port 182, The tray is positioned between rods
133 which run through guides 134 in the tray.

. A spring 136 is placed between the tray and the

refrigerator to support the tray. As-the refrig-
erant is used, the spring lifts the tray and main-
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tains the upper level 131 of the refrigerant in
practically the same position, the tray moving
between a lower position, as that shown in dot-
ted lines in Figure 15, to an upper position, the
upper level 131 being maintained at about the
same position at all times in the refrigerator until
the refrigerant is exhausted. )

Instead of the height of the column of cold,
heavy gas in the refrigerant compartment de-
creasing as the refrigerant is used up, the gas
column is maintained and uniform refrigeration
is secured during the existence of the refrigerant.
With solid carbon dioxide, uniform refrigeration
is secured, as I have disclosed, even though the
carbon dioxide is materialy used up.

I claim:

1. A refrigerating apparatus including a cham-
ber for products to be refrigerated, a container
for said chamber, insulating material between
said. chamber and said container, another con-
tainer for enclosing solidified carbon dioxide sep-
arated from but in a controlled heat exchange
relation with the refrigerated chamber, a con-
duit for circulating gas about said refrigerated
chamber in thermal contact therewith and re-
turning said gas to said solid carbon dioxide, a
gas inlet into said insulation, and an outlet orifice
for gas from said insulation, said orifice holding
8 back pressure on said gas and being at a low
level. .

2. In a refrigerator having a space for prod-
ucts to be refrigerated, a conduit for conducting a

cold fluid through said space to cool said space,

and means for substantially preventing localized
cooling in a portion of said conduit.

3. In a refrigerator having a space for products
to be refrigerated, a refrigerant container, an
outlet for cold gas from said container into said
space whereby products in said space are cooled,
and means for maintaining the upper level of
the refrigerant at substantially a constant dis-
tance from said outlet during existence of said
refrigerant in said container. : )

4, In a refrigerator structure, a refrigerant
chamber having an outlet for cold gas, and a
refrigerant support in said chamber including
means for maintaining the upper level of a re-
frigerant on said support at a substantially con-
stant distance from said outlet.

5. In a refrigerator structure, a refrigerant

chamber having an outlet for cold gas, and a re-
frigerant support in said chamber including a
spring for maintaining the upper level of a re~
frigerant on said support at a substantially con-
stant distance from said outlet.:

6. A movable conversion appazatus for enabling
an intensely cold refrigerant to be used for re-
frigerating at moderate temperatures comprising
a refrigerant container adapted to be positioned
within' a space to be refrigerated, a refrigerant
gas conduit extending from adjacent the bottom
of said container to adjacent the top of said con-
tainer to provide a cooling element only adjacent
to said container through which gas circulates to
provide a heat absorbing medium for cooling said
space, and a valve in the return portion of said
conduit including & valve seat, a valve member
and a bimetallic strip supporting said member
and moving said member toward and away from
said valve seat.

7. A movable conversion apparatus for enabling
an intensely cold refrigerant to be used for re-
frigerating at moderate temperatures comprising
a refrigerant container adapted to be positioned
within a space to be refrigerated, a refrigerant gas
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conduit extending from adjacent the bottom of
said container to adjacent the top of said con-
tainer to provide a cooling element only adjacent
to said container through which gas circulates to
provide a heat absorbing medium for cooling said
space, and a valve in the return portion of said
conduit including a valve seat, a valve member
and a bimetallic strip for moving said member
toward and away from said valve seat.

8. A movable conversion apparatus for ena-
bling an intensely cold refrigerant to be used for
refrigerating at moderate temperatures compris-
ing a refrigerant container adapted to be posi-
tioned within a space to be refrigerated, a re-
frigerant gas conduit extending from adjacent
the bottom of said container to adjacent the top
of said container to provide a cooling element

only adjacent to said container through which

gas circulates to provide a heat absorbing medium
for cooling said space, and a valve in the return
portion of said conduit including a valve seat, a
valve member, and a thermal responsive element
for moving said member toward and away from
said valve seat.

9. In a refrigerator structure, a refrigerant
chamber having a spaced outlet and return inlet
for a refrigerating gas, a refrigerant support in
said chamber, and means for maintaining the
upper level of. a refrigerant on said support in a
substantially constant relationship to both said
outlet and said inlet. i

10. In a refrigerator structure, a refrigerant
chamber having a spaced outlet and return inlet
for a refrigerating gas, a refrigerant support in
said chamber, and means for maintaining the up-
per level of a refrigerant on said support in a
substantially constant relationship to said outlet.

11. A refrigerating unit, for a refrigerating

chamber, including means for supporting said unit
within said chamber in a refrigerating relation-
ship to said chamber, said unit comprising a heat
insulated receptacle for a refrigerant as solid car-
bon dioxide, said receptacle having an opening
therein, a movable closure for said opening per-
mitting replenishing of said refrigerant in said
receptacle, and & conduit for conducting cold gas
from said refrigerant outside of said receptacle to
refrigerate said chamber, said conduit extending
along an outside face of said unit from adjacent
the bottom of said unit to adjacent the top of said
unit and being carried substantially entirely by
said unit.
. 12. A refrigerating unit, for a refrigerating
chamber, including means for supporting said
unit within and in an upper portion of said cham-
ber in a refrigerating relationship to said cham-
ber, said unit comprising a heat insulated recep-
tacle for a refrigerant as solid carbon dioxide,
said receptacle having an opening therein, a mov-
able closure for said opening permitting replen-
ishing of said refrigerant in said receptacle, and
means for absorbing heat from said chamber, said
means consisting of a conduit connected to said
receptacle adjacent the bottom thereof and ex-
tending along an outside face of said receptacle
te a connection to said receptacle adjacent the
top of said receptacle so that cold heavy gas can
pass into said conduit from said receptacle and
rises through said conduit as said cold gas takes
up heat from said chamber, to return to the top
of said receptacle.

13. In combination, a chamber for a refriger-
ant as solid COz, said chamber having a gas outlet
and a gas return inlet, and means for maintaining
the upper level of said solid refrigerant in said
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chamber in a substantially constant relation to
both said outlet and said inlet. ‘ .

14, In combination, a heat insulated chamber
for a refrigerant as solid COz, a conduit connected
to said qhamber for conducting a relatively cold
gas, means for preventing. substantially gas pas-
sage through said conduit, and means for pre-
vénting localized cooling in said conduit adjacent
said chamber when gas passage through said con-
duit is prevented substantially.

15. In combination, a heat insulated chamber

for a refrigerant as solid CO2, a conduit connected
to said chamber for conducting a relatively cold
gas, means for preventing substantially gas pas-
sage through said conduit, and means for pre-
venting localized cooling in said conduit when gas
passage through said conduit is prevented sub-
stantially.

16. A movable conversion apparatus' for ena- -

‘bling an intensely cold refrigerant to be used for

-refrigerating at moderate temperatures compris-

ing ‘a refrigerant eontainer adapted to be posi-
tioned within a space to be refrigerated, a re-

. Irigerant gas conduit extending from adjacent

30

]
[

40

50

55

60

the bottom of said container to adjacent the
top of said container to provide a cooling ele-
ment only adjacent to said container through
which gas circulates to provide a heat absorbing
medium for cooling said space, and a valve in said
conduit including a valve seat, a valve member,

‘and a thermal responsive element for moving sald
"member toward and away from said valve seat.

17. A cooling unit comprising a housing of heat
insulating material having a chamber therein for

_containing a solid gas-emanating refrigerant, a

heat conducting wall disposed in spaced relation
to said housing and forming a conduit having an
exposed heat-exchanging surface along one side
of said chamber, a duct establishing communica-
tion between the lower part of said chamber and
said conduit, a second duct establishing communi-

cation between said conduit and the upper part of

sdid chamber, and thermostatic means responsive
to the temperature of the gas circulating in said
conduit for controlling the flow of gas there-
through

18. A cooling unit comprising a heat insulated
housing having a chamber therein for contain-
ing a solid gas-emanating refrigerant, a metallic
partition having an exposéd heat absorbing sur-
face arranged in spaced relation along a face of
said housing, a .plurality of ducts piercing said
heat insulated housing for establishing communi-
cation for a convection circulation of gas between
said housing and said metallic. partition, and
thermostatic means responsive to the tempera~
ture of the circulating gas for controlling the
rate of heat absorption of said metallic partition.

19. A cooling unit comprising a heat insulated
housing having a chamber therein for contain-
ing a solid gas-emanating refrigerant, a metallic
partition having an exposed heat absorbing sur-
face arranged in spaced relation along a face of
said housing, inlet and outlet ducts piercing said

. heat insulated housing for establishing communi-

cation for a convection circulation of gas between
said housing and said metallic partition, a first
valve adjacent said outlet duct, and a second
valve adjacent said inlet duct, said valves being
operable to control the rate of heat absorption of
said metallic partition.

20. A solid carbon dioxide refrigerating unit
comprising a housing of heat insulating material
having a chamber for holding a quantity of solid
carbon dioxide, means forming & conduit having

, 7
heat-exchanging properties ‘through which the
gas emanating from said solid carbon dioxide

may circulate and recirculate by convection, and
thermostatic means within said ‘conduit respon-

sive to the temperature of the circulating gas for

controlling the recirculation of gas therethrough.

21. A cooling unit for refrigerating -purposes
comprising a housing of heat insulating material
having a chamber for holding a solid gas-ema-
nating refrigerant, 'means’ forming a.conduit
having heat-exchanging properties through
which the gas emanating from' said solid refrig-
erant may circulate by convection, thermostatic
means within said conduit for controlling the cir-
culation of gas therethrough, and means for reg-
ulating the. range of said thermostatic means
during operation -whereby the rate of gas emana-
tion from said solid refrigerant may be deter-
mined at any time irrespective of the external
temperature.

22. A solidified carbon dioxide refrigerating
unit comprising a housing of heat insulating ma-
terial having a chamber therein for containing a
quantity of solid carbon dioxide, a heat conduct-
Ing wall disposed in spaced relation with said
housing and forming an exposed heat-exchang-
ing surface along a face of said housing, means
establishing communication between the interior
of said chamber and the inside of said heat con-

- ducting wall for a closed-cycle convection circu-

lation of the gas emanating from said solid car-
bon dioxide, and thermostatic means responsive

- to the temperature variations of the circulating

gas for controlling the flow thereof and thereby
the rate of sublimation of said solid carbon di-
oxide independently of the temperature external
to said exposed heat-exchanging surface.

23. A solidified carbon dioxide refrigerating

_unit comprising a housing of heat insulating ma-

terial having a chamber therein for containing
& solid carbon dioxide, a heat conducting wall
disposed in spaced relation with said housing and
forming a conduit. for a closed-cycle circulation

of carbon dioxide gas having an exposed heat-

exchanging surface arranged along a face of said

housing, means for establishing communication -

between said chamber and said conduit to per-
mit a circulation of gas evolved from said solid
carbon dioxide, and a thermostatically controlled

. valve responsive to the temperature within said

conduif for controlling the circulation of the gas
therethrough, whereby the rate of gas emanation
from said solid carbon dioxide will be deter-
mined by the heat absorbed by the gas from
said heat-exchanging surface.

24, ‘A solidified gas refrigerating unit compris-
ing a housing of heat insulating material having
a chamber therein for containing a solid gas-
emanating refrigerant, a conduit having an ex-
posed heat-exchanging surface arranged outside
of and along a face of said housing, a duct es-
tablishing a path for gas evolved from said solid

- refrigerant - extending from the lower part of

said chamber to said conduit, a second duct es-
tablishing a path from said conduit to the upper
part of said chamber, said ducts cooperating with
said chamber and said conduit to provide a
closed-cycle circulation of the gas emanating
from said solid refrigerant, and a thermostatical-
1y controlled valve responsive to the temperature
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of the circulating gas for controlling the recircu- -

lation thereof and thereby the rate of sublimation
of said solid refrigerant independently of the
temperature external to said housing.
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95. A self contained cooling unit for refrigerat-
ing purposes comprising a housing of heat in-
sulating material having a chamber therein for
holding a solid gas-emanating refrigerant, a me-
tallic wall disposed in spaced reliation along said
housing and forming a conduit having a heat-
exchanging surface, a plurality of ducts extend-
ing through the heat insulating material forming
said hcusing for establishing communication for
a convection circulation and recirculation of gas
through said chamber and between said housing
and said metallic wall, and thermostatic means,
including a valve in said conduit, for controlling
the rate of the circulation of said gas.

26. A cooling unit comprising a housing of heat
insulating material having a chamber therein for
containing a solid gas-emanating refrigerant, a
conduit having an exposcd heat-exchanging sur-
face arranged outside of and along a face of said
housing, a duct adjacent the bottom of said
chamber establishing communicdtion between
said chamber and said conduit, and means for
holding said solid gas-emanating refrigerant clear
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of said duct without interfering with the free
flow of gas therethrough.

27. A cooling unit comprising a heat insulated '

housing having a chamber therein for containing
a solid gas-emanating refrigerant, a metallic
conduit having an exposed heat absorbing sur-
face arranged in spaced relation along said hous-

ing, inlet and outlet ducts piercing said heat in-~

sulated housing for establishing communication

for a convection circulation and recirculation of
gas between said housing and said metallic con-

duit, a first valve in said outlet duct for con-
trolling the discharge of gas from said chamber,

“and a thermostatically controlled valve respon-

sive to temperature to control flow of gas circu-
lating between said heusing and said metallic
partition, said first valve being operable to con-
trol the rate of circulation of said gas from said
‘chamber and said thermostatically contriolled
valve being operable to control .the rate of re-
circulation of said gas, whereby the heat absorp-
tion ability of said metallic conduit will be
determined. ' _ -
ARNOLD F. WILLAT.
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