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Edward Rice, Jr., (Croton-on-Hudson, N. Y., as 
signor to Haternationa (Carbonic, Inc., Wi 
mington, Del., a corporation of DeHavvare 

Original application July 7, 1933, Serial No. 
679,435. Divided and his application Novem 
ber 3, 1934, Seria No. 5,39. 

2 (Claimis. 

This invention relates to improvements in re 
frigerating methods and apparatus for use with 
Solid refrigerants, such as solid carbon dioxide, 
Water ice, brine ice, etc. 
The invention described and claimed herein 

resides in a novel way of forming and using a 
Solid metallic heat conductor for transferring 
heat from a refrigerated area, or material to a 
Solid refrigerant; wherein the said conductor 
Consists of a continuous thick sheet or plate of 
a good heat-conducting metal so bent or other 
Wise formed that vertical portions of the con 
ductor provide large extended heat-absorbing 
Surfaces directly exposed to the refrigerated 
Space or material and located above the bottom 
of the refrigerated space, while an immediately 
adjoining portion of the conductor presents in 
the refrigerator-containing space comparatively 
Smaller Surfaces for heat transfer directly to 
the solid refrigerant. This novel construction of 
the conductor makes it possible to build refrig 
erating apparatus, such as ice cream cabinets, 
Wherein the ice bunker projects into the re 
frigerated Space and ready access both to the 
refrigerated space and to the ice bunker can 
be provided from above; and wherein the con 
Stant metallic heat-absorbing surfaces extend 
Vertically from the bottom level of the bunker 
toward the top of the refrigerated space and 
tend to equalize the cabinet temperatures and 
protect the materials stored near the top. The 
invention also nakes it possible to locate the 
extended vertical heat-absorbing surfaces of the 
conductor plate in the upper warnest part of a 
household refrigerator and at the same time 
provide an ice bunker located above the re 
frigerated Space wherein the portion of the con 
ductor, immediately adjacent to the heat-absorb 
ing portions, which transmits heat to the re 
frigerant forms the bottom of the bunker. In 
this case, the vertical heat-absorbing portions 
of the conductor extend downwardly from the 
bottom of the bunker; while in the ice cream 
cabinet type of apparatus the vertical portions 
extend upwardly from the bottom level of the 
bunker. The novel way of forming the metallic 
heat conductor claimed in this application per 
mits the use of a much less costly conductor 
than heretofore used; and at the same time 
permits placing the metallic heat-absorbing sur 
faces in the most efficient location in the refrig 
erated Space. The general type of heat conduc 
tor shown herein corresponds to the general 
type, that having the extended heat-absorbing 
Surfaces formed of a continuous metal sheet or 

(C. 62-95) 
plate, shown in the parent case of my applica 
tion Serial Number 679,435 filed July 7, 1933, 
now matured into Patent No. 1,980,089, issued 
Nov. 6, 1934, of Which the present application is 
a division. The parent application claims such 
a conductor where the extended heat-absorbing 
Surfaces are in the form of a substantially hori 
Zontal overhead plate; while the present appli 
cation claims the conductor in a form suitable 
for other forms of refrigerating apparatus where 
in the extended heat-absorbing surfaces are 
substantially vertical and located above the bot 
tom of, but within, the refrigerated space. 
An object of the invention is to provide a 

means for transferring heat to a solid refrig 
erant at a higher rate than provided in previ 
ously known methods, the refrigerant being used 
in the usual and ordinary processes of refrig 
erated Storage and transportation of perishable 
fÖodStuffS. 
Another object is to provide a means for trans 

ferring heat to small quantities of a Solid re 
frigerant at the same rate as to Comparatively 
large quantities, the refrigerant being used in 
the usual and ordinary processes of refrigerated 
storage and transportation of perishable food 
stuffs with the result that approximately con 
stant refrigerating temperatures can be main 
tained Substantially as long as any of the re 
frigerant remains. 
Another object is to provide a means for trans 

ferring heat to Small quantities of a solid re 
frigerant at the same rate as to comparatively 
large quantities, the refrigerant being used for 
cooling a fluid Such as air or Water, thus mak 
ing it possible to use smaller quantities of the 
refrigerant than heretofore for a desired rate 
of heat transfer and to maintain the same rate 
of heat transfer substantially as long as any of 
the refrigerant remains. 
Another object is to provide a means for main 

taining Substantially con Stant temperatures in 
the refrigeration of perishable foodstuffs within 
a range of approximately 0° F. to 50° F. when 
using solid refrigerants, such as solid CO2 or 
brine ice of a considerably lower temperature 
than that required in the refrigerating process. 
More specifically an object is to provide a solid 

metallic heat Conductor between the area or mass 
to be refrigerated and the solid refrigerant With 
Sufficient Surface in a uniform or controlled heat 
exchange relation with the refrigerant, with 
sufficient Surface in heat eXchange relation with 
the refrigerated area. Or maSS, and with Stiff 
cient heat transfer capacity or cross section to 
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2 
pick up and transfer to the refrigerant the max 
imum amount of heat as required to effect the de 
Sired refrigeration. 
More specifically an object is to provide a Solid 

metallic heat conductor of the above characteris 
tics for use with low temperature solid refriger 
ants, such as solid CO2 and brine ice, in combi 
nation with means for controlling, and regulat 
ing- (A) The heat transfer to the conductor 
from the refrigerated area (B) The heat trans 
fer from the conductor to the refrigerant (C) The 
heat transfer along the conductor-or a combi 
nation of these means-for the purpose of regu 
lating the temperature of the refrigerated area. 
Another specific object is to provide a solid 

metallic heat conductor of the above characteris 
tics which is commercially practicable in refrig 
erated storage and transportation of perishable 
foodstuffs, and which can be constructed of cheap 
available metals such as aluminum or copper; 
which can be easily made of bent or welded plates 
or cast or extruded forms of such metals; and 
which provides the necessary heat-absorbing and 
heat-emitting Surfaces and heat transfer capaci 
ties without interfering with the usual and Ordi 
nary practices in construction of refrigerated 
storage and transportation units using solid re 
frigerants, such as household refrigerators, ice 
cream cabinets, motor truck bodies, R/R cars 
and containers, etc. 

Figure 1 is a vertical section of an ice cream 
cabinet embodying my invention; Fig. 2 being a 
plan view on B-B of Fig. 1; 

Fig. 3 illustrates a vertical section through the 
bunker of a cabinet wherein the conductor is ar 
ranged for use with brine ice; 

Fig. 4 is a perspective view of the metallic 
conductor incorporated in Fig. 1; 

Figs. 5 to 10, inclusive, are sectional views of 
other embodiments of my invention in ice Cream 
cabinets; 

Fig. 11 shows the invention as applied to a 
household refrigerator, and 

Figs. 12 to 21, inclusive, are respectively dia 
grammatic fragmentary sectional views illustrat 
ing other modifications within the Scope of my in 
Vention. 

During the past two summers I have designed 
and had constructed and commercially used a 
variety of improved forms of refrigerating appa 
ratus for the storage and transportation of per 
ishable foods, ice cream etc. which employ as the 
source of refrigeration solid refrigerants such as 
solid carbon dioxide, water ice, or brine ice in 
combination with an extended solid metallic 
heat conductor which is chilled either by direct 
contact With the solid refrigerant or by Some 
other uniform or controlled heat exhange rela 
tionship with the refrigerant. 
The characteristics of this metallic heat con 

ductor must be such that (a) it forms a princi 
pal path of heat transfer between the refrigerated 
area or mass and the solid refrigerant-(b) it has 
a surface area in suitable heat exchange rela 
tionship with the space or mass refrigerated, this 
surface area being sufficiently extended to pro 
vide the number of Square feet of heat-absorbing 
surface required to absorb the heat removed from 
the refrigerated area, at the temperature differ 
ential ranges used in any given apparatus between 
the conductor surface and the refrigerated area 
(c) that it has a minimum croSS Sectional mass 
at any particular point sufficient to conduct in 
the direction of the solid refrigerant the heat 
absorbed by the surface extended beyond that 

2,065,984. 
point, at the temperature differential ranges used 
in any given apparatus between the heat-ab 
Sorbing conductor Surfaces and the conductor Sur 
faces exposed to the solid refrigerant-(d) it has 
a surface area in suitable heat exchange rela 
tionship with the solid refrigerant, this surface 
always being Smaller than the surface exposed 
to and absorbing heat from the refrigerated area. 
This general method of using solid refrigerants 

is fully disclosed and claimed in my pending ap 
plication Serial Number 467,999, filed July 14, 
1930, and various forms of apparatus for carrying 
out the method are there described. In this ap 
plication I wish to disclose more specifically the 
principles of this method of refrigeration, to de 
scribe in more detail the characteristics of the 
Solid metallic heat conductor which is the es 
sence and concrete embodiment of the inven 
tion, and to claim improved forms of the con 
ductor and ways of using it. 
The use of this metallic conductor conforms to 

the usual and Well known principles of heat ab 
Sorption and emission by, and transfer through, 
a solid homogeneous material. For instance a 
certain number of heat units per hour are to be 
absorbed to maintain the required temperature 
in a household refrigerator, say equal to the melt 
age of one pound of Water ice per hour. In using 
water ice for this purpose which melts at 32° F. 
a metallic Conductor of Copper or aluminum can 
be chilled to an average temperature say of 36° 
to 44 F. by direct contact with a surface of the 
ice. This conductor can in turn chill the air 
of the refrigerator to say an average of 47° F. in 
an 80° room. To accomplish this approximately 
144 B. t. u.'s per hour must be transferred from 
the air of the refrigerator to the ice, or Sufi 
cient to melt one pound of ice per hour. Where 
air circulates by natural convection over a cooling 
surface under these conditions, approximately 
1/42 B. t. u.’s per hour per degree F. differential 
between the air and the cooling surface, per 
square foot of cooling Surface can be absorbed. 
Therefore, about fifteen square feet of chilled 
conductor surface is exposed to the air at an av 
erage temperature of 40° F., thus absorbing ap 
proximately 15 sq. ft. x 1% B. t. u.'s per hour X 
7° F. differential--157 B. t. u.’s per hour-this 
meets condition (b) above. Next a Surface area 
of the conductor must be in direct contact (in 
the present instance), with the ice. This surface 
need be only a fraction of the surface absorbing 
heat from the air; and in this fact lies the great 
practical advantage in this method of refriger 
ation, as well as one of the principal objects of 
the invention, as it permits satisfactory refrig 
eration with Small amounts of solid refrigerant. 
There is no exact physical data covering this heat 
transfer from the metal to a solid refrigerant but 
experimental observation shows that it is from 
fifty to several hundred times as much per unit 
area per degree difference in temperature as 
from the air to the conductor Surface. For in 
stance, with a sufficiently thick conductor, say 
%' of aluminum, fifteen square inches of water 
ice contact with the conductor can absorb the 
heat that is picked up from the air by fifteen 
square of conductor Surface exposed to convec 
tion currents in the form of fins-this corre 
sponds to condition (d) above. 
With a given surface exposed to the air and 

a certain amount of ice available for minimum 
contact with the conductor then condition (c) 
above becomes an absolutely eSSential consider 
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2,065,984 
imethod of refrigeration. After means are pro 
vided to get the heat into the metal conductor, 
by providing a necessary area of chilled surface, 
and to get the heat out of the conductor to the 
solid refrigerant, by providing an area of the 
conductor in uniform or controlled heat ex 
change relationship with the refrigerant, it is 
necessary to make the conductor Sufficiently thick 
to transfer the maximum amount of heat to be 
taken out of any given refrigerated space or maSS 
to effect the desired refrigeration under the most 
adverse conditions of actual use. This thickneSS 
is determined for the minimum temperature dif 
ferential that it is feasible to use between the 
points where the heat enters and leaves the Con 
ductor, or between any two points along the con 
ductor path. The rate per hour for this form 
of heat transfer is established for all the avail 
able metals and can be easily ascertained in the 
usual physics handbooks. Briefly, for any given 
metal it varies directly as the cross section and 
temperature differential used. For 
other features being equal, approximately twice 
as much heat will be transferred per hour by an 
aluminum plate 'A' thick as by one /8 ' ' thick 
for the same temperature differential; or approx 
imately the same amount of heat will be trans 
ferred per hour by conductor plates, other fac 
tors being equal, made of 48' copper, 4' alumi 
num, or 34’’ iron. It is to be expected that these 
rules can not be very reliable for overall temper 
ature differentials of less than 2° or 3 F. Or more 
than 20° to 30° ; Or for excessively long distances, 
say over 6 or 8 feet; or for excessively thin or 
thick conductors, say a conductive capacity of 
less than s' of aluminum or over Az' of copper. 
But the conductor can always be constructed 
with enough surface and sufficiently thick to take 
care of extreme conditions of use, and Once Con 
structed its heat transfer properties do not 
change. And experimental observation and 
Wide commercial use Show that-for the Con 
monly available solid refrigerants, such aS Water 
ice, brine ice and solid CO2; and for the cheaply 
available metals such as aluminum and copper, 
and to a lesser extent iron; and for ordinary 
commercial purposes in which it is common to 
use solid refrigerants, such as the transportation 
and storage of perishable foodstuffs-it is possible 
to construct refrigerating apparatus on the prin 
ciples described above that is a great improve 
ment over anything previously known in the art 
for use-with solid refrigerants. 
In effect such apparatus provides a new means 

of transferring energy or power in the form of 
heat and greatly enlarges the entire field of use 
for solid refrigerants as a class, as well as pro 
viding a means of temperature control in the 
use of solid CO2, often called “dry ice', the 
newly developed solid refrigerant which is now 
coming into such wide commercial use. 

Heretofore the transfer of heat to solid re 
frigerants has been either 
From the air or other fluid or mass to be cooled 

directly to the surface of the ice. Here the in 
exorable law of physics, governing heat transfer 
from the fluid or mass to the ice on a Square foot 
basis, and the steady reduction of , volume and 
surface of a solid refrigerant when heat is ap 
plied, have made it inevitable that an excessive 
amount of the refrigerant had to be provided to 
supply sufficient surface to take up the required 
amounts of heat; and that there has been a steady 
rise in refrigerating temperatures due to the re 

instance, 

3 
duction in the heat absorbing surfaces of the 
refrigerant. 
Or the heat transfer to the refrigerant has 

been through the Walls of a refrigerant con 
tainer or support in contact with the refrigerant, 
the heat reaching the ice at the area of contact 
which in some cases provided a constant surface 
Of the refrigerant itself direct for heat absorp 
tion, but which resulted in such Small surfaces 
being available for that purpose that either very 
limited refrigeration was secured or such large 
containers had to be used as to be commercially 
impracticable. When necessary to Segregate the 
ice metal containers were often used, usually of 
galvanized iron, but the function of the metal 
Was altogether as a convenient material for con 
Structing the containers and Segregating the ice 
to control meltage, etc. and not as disclosed above 
to form an extended thick Walled metal conductor 
of heat to the ice. The metal of the containers 
on Which the ice rested acted to slow up heat 
transfer from the air to the refrigerant, not to 
facilitate it, and no heat in any useful amount 
was absorbed by the metal beyond the actual 
point of contact with the ice. The thinner the 
metal was in contact With the ice the more rapid 
the heat transfer; whereas in the extended metal 
conductor method described above the thicker 
the metal, the more rapid the transfer. ? 

In constructing refrigerating apparatus for 
Solid refrigerants using this solid metallic heat 
conductor it is not necessary that all the heat 
taken from the refrigerated space or mass be 
passed through the conductor, but only as stated 
in Condition (a) above that it provide “a prin 
cipal path of heat transfer'; although in usual 
practice most of the heat is thus transferred. 
It is sufficient that the fixed heat absorbing sur 
face and transfer capacity provided by the con 
ductor be large enough to take up the minimum 
amount of heat necessary to maintain a useful 
temperature when the volume of the refrigerant 
is considerably reduced-say to 5% or 10% of 
the bunker capacity. There will always be some 
heat get into the bunker space, and to the ice 
Surface exposed there, through the walls of the 
bunker no matter how well insulated, and there 
may at times be SOme direct circulation of air 
from the refrigerated space, or around it, over 
the refrigerant as Well as over the chilled con 
ductor surfaces. In the absence of any regulation 
of the convection currents this would result in 
a somewhat quicker heat transfer when the 
bunker is Well filled With ice; but this might even 
be useful sometimes-for instance in a trans 
portation unit loaded with warm fruit when the 
refrigerant requirements are much heavier at 
first-or at other times it may do no harm to 
have a variation of say 5 degrees to 8 degrees F. 
from a full bunker down to 5% to 10% capacity. 
There must be always a substantial conductor 
With a heat absorbing surface extended away 
from contact with the ice, and a heat transfer 
capacity for keeping the maximum temperatures 
permissible. This additional partial circulation 
Over the refrigerant of the convection currents 
of the refrigerated Space can be controlled by 
means of thermostatically operated valves and 
thus become a temperature controlling feature 
When using solid CO2. A smaller conductor would 
be used in this case, the valve shutting off the 
circulation over the refrigerant when fully iced 
or under conditions of minimum temperatures 
Surrounding the refrigerating unit. Under maxi 
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refrigerant volume is reduced the valve can open 
to permit the necessary additional heat transfer 
directly from the circulating air to the Surface 
of the solid CO2 thus maintaining approximately 
constant refrigerant temperatures. 
This fact that all the heat need not pass 

through the conductor to obtain the benefits of 
this invention often permits a cheaper and easier 

O 

5 

construction. For instance, in the household re 
frigerant described above using Water ice, a 
Simple aluminum fin assembly placed vertically 
on one side of the ice compartment will provide 
15 sq. ft. of constant heat absorbing Surface, 
whereas 100 lb. block of water ice used in the 
ordinary Way Would present about 7A sq. ft. of 
Surface at first which would steadily diminish, 
reaching approximately 22 sq. ft. at 25 lbs. If 
the conductor is loosely fitted with a 1 or 2 inch 
opening over the top then air can flow over the 
ice as well as the conductor. When first iced 
there would be 15 sq. ft. of conductor exposed for 
heat absorption plus 7% sq. ft. of ice surface 
or a total of 224 sq. ft. At 25 lb. of ice there 
would be 15 sq. ft. of conductor surface plus 
2% sq. ft. of ice surface or a total of 17% sq. ft.- 
quite sufficient to maintain temperatures, which 
the 2% sq. ft. surface of the 25 lbs. of ice alone 
cannot possibly do. 

3. 5 

40 

45 

Besides being able to transfer heat to small 
amounts of solid refrigerants at a rate before un 
equalled in similar refrigerating apparatus, one 
of the principal advantages of this “conductor' 
method of using Solid refrigerants is that it makes 
possible a controlled use of Solid refrigerantS Such 
as solid CO2 which sublimes at a temperature far 
below those required for ordinary refrigeration 
purposes, or Such as a brine ice that can be 
made so as to met from i minus 6 degrees to 
about minus 30 degrees F. As explained above, 
the number of sq. ft. of heat absorbing conduc 
tor surface and the difference in temperature 
of this . Surface below that of the refrigerated 
Space determines the amount of heat absorbed 
per hour-and thus the effective refrigerating 
temperatures. Obviously with a very cold re 
frigerant, like Solid CO2 at minus 10 degrees F., 
a small conductor surface could be chilled to a 
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very low temperature and theoretically produce 
the same results as a much larger surface at a 
higher temperature. But in practice a differ 
ence in temperature of more than 8 or 10 de 
grees F. between the conductor surface and the 
air temperature of the refrigerated Space does 
not result in a Comparative increase in heat 
transfer from the air; and in most cases there 
is sufficient moisture in the air to cause ConSid 
erable frosting of the low temperature surface 
which steadily cuts down heat transfer. There 
fore, it is preferable to use as far. as possible a 
large surface high temperature conductor with 
a low temperature refrigerant like solid CO2. 
This large surface chilled a few degrees be 

low the ordinarily required refrigerating tem 
peratures, which range between 0 degrees and 50 
degrees F. can only be secured when using solid 
CO2 as the refrigerant by means of some inter 
mediate heat transfer agent Such as a circulat 
ing gas or liquid, or such as a Suitably formed 
good heat conducting metal. As mentioned above 
heat transfer to the refrigerant by a gas, includ 
ing air, is not always satisfactory, and can not 
be maintained at a sufficiently high rate to the 
comparatively small Surfaces of the refrigerant 
to meet most refrigerating means. Heat trans 
fer by a circulating liquid Such as alcohol or in 

2,065,984 
freezing brine can transfer a considerable amount 
of heat to a small surface of the solid CO2 espe 
cially when forced circulation is used, but as a 
principal means of heat transfer for refrigera 
tion purposes Such a System is not the Subject 
of this application. A combination of circulating 
gas and liquid in the form of a condensible re 
frigerant Such as methyl chloride, etc. can also 
be used as a heat transfer means, but that also 
is not the Subject of this application. The only 
remaining convenient means for providing the 
required heat transfer agent is the use of a Solid 
good heat conducting metall which can provide 
the necessary heat absorbing surface and trans 
fer capacity, which can provide the necessary 
function of transferring heat at a comparatively 
high rate to a small surface of the refrigerant, 
and which permits of using means to control 
the rate of heat flow from the refrigerated area. 
to the refrigerant via the conductor in order 
to regulate the temperature of the refrigerated 
area. Walrous forms of such a solid metallic heat 
Conductor for use with Solid refrgerants. Such 
as solid CO2 are included in the subject matter 
of this application, and various means, in com 
bination with the conductor, for controlling the 
heat flow from the refrigerated area to the Solid 
refrigerant via the conductor are included in 
the claim.S. 
These various means, as indicated above, in 

clude: 
(A) Ways for controlling the heat transfer 

from the refrigerated area to the conductor. 
When the refrigerated area consists of an en 
closed space in which a fluid circulates by con 
Vection, Such as air, Water or a non-freezing liq 
luid, and the conductor is of Such a form that a 
Wall can be set up to form a confined space in 
which the fluid can flow past the conductor, then 
a convenient way of control is to establish man 
ually or thermostatically operated valves in this 
confined passage which restrict, or at times shut 
off entirely, the flow over the conductor, as may 
be desired, thus limiting the amount of heat that 
has access to the conductor and so regulating 
the temperature of the refrigerated area. When 
it is impossible to set up this confined convection 
paSSage because of the nature of the refrigerated 
area, or when the character of the conductor per 
mits, it is SOmetimes convenient to control the 
heat transfer to the conductor by placing prede 
termined amounts of insulation on the exposed 
Surface of the conductor where it is extended 
away from contact with the refrigerant and 
does not form an integral part of the refrigerant 
containing bunker Space. 

(B) Ways for controlling the heat transfer 
from the conductor to the refrigerant. This 
forms probably the best method of controlling 
the temperature of the desirable large heat-ab 
Sorbing conductor Surface chilled only a few de 
grees below the refrigerated area, when using 
loW temperature Solid refrigerants like solid car 
bon dioxide. This method operates by control 
ling the Spaced relation of the conductor and 
the solid refrigerant. When the ice is hard 
down on the bare conductor, a maximum heat 
flow results, and consequently the lowest refrig 
erating temperatures for a given apparatus. If 
the ice is held more than A' from the conduc 
tor, there is not much effective heat transfer. 
However, from the point of contact to about A’’ 
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away from the conductor provides a region where 
the surface of the solid CO2 can be held in a 
controlled heat exchange relationship with the is 
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2,065,984 
conductor by which the temperature of the 
chilled conductor, and, therefore, the refriger 
ating temperatures, can be varied at will. The 
first break in the direct contact of the ice with 
the conductor will result in a marked resistance 
to the heat flow; and every change of a fraction 
of an inch toward Or away from the conductor 
will speed up or retard the heat flow correspond 
ingly. This action is in accordance with the ordi 
nary physical laws of heat flow already referred 
to. Heat is accumulated by the conductor and 
brought by it to that part of its surface opposing 
the ice surface. The amount of this heat taken 
up by the ice varies directly as the temperature 
differential between the Surface of the ice and 
the conductor Surface opposed to it; this dif 
ferential in turn being largely determined by 
the distance between the ice and conductor and 
the substance filling this space. These last two 
factors are easily varied during the operation of 
a given refrigerating apparatus, and, therefore, 
provide a most efficient means for regulating the 
refrigerating temperatures. The first factor, or 
temperature differential, changes as a result of 
the variation of the other two factors and so 
need only be regarded as a corollary indication 
of what has taken place. 
Thus it is the nature and amount of the sub 

stance between the ice and the conductor that 
governs in this method of temperature control. 
The rate of heat transfer varies with the Sub 
Stance. 
ness or distance between the ice and the con 
ductor-the further apart the less heat trans 
mitted, and vice versa. The Substance can be 
of any convenient character, preferably a Solid, 
or a fluid like air or CO2 gas, or a non-freezing 
liquid, or a combination of substances, depending 
On the means used for varying the amount of 
the substances. The substance may be: 

(1) A solid in unit form such as sheets of 
paper, compressed board like cardboard or 4.'' 
thick pieces of pressed wood, or sheets of metal. 
These may be put into place to the required thick 
ness when putting the ice into the bunker and 
changed by lifting out and replacing the ice, or 

(2) A sufficiently rigid piece of material may 
be used to support the ice and this material in 
turn raised and lowered in relation to the con 
ductor by any convenient mechanical - elevating 
means Operated by hand, or by automatic power 
applied by the action of a thermostat located in 
the refrigerated space. In this form the maxi 
nun heat flow can occur when the movable 
Support means is in its lowest position, and a 
diminishing heat flow results as the ice is raised. 
In operation this form can function by alter 
nately lowering the ice hard down to take up 
the heat at a higher rate than required and then 
raising the ice far enough away to take less heat 
than required, the action being controlled by a 
thermostat and resulting in the average heat flow 
required. Here the substance forming the re 
Sistance to the heat flow is a solid or a fluid (CO2 
gas and air) or a varying combination of the two. 
Or as is more usual, this form can function by 
having the supporting means, under thermostatic 
control from the refrigerated Space, take a stable 
position, holding the ice in approximately uni 
form heat-exchange relation with the conductor 
changing slightly from time to time to meet 
changing conditions in the refrigerated space, etc. 
Or this stable position may be achieved without 
thermostatic control by hand-operated mechani 
cal elevating means. The Spaced support for the 

Also the rate will Vary With the thick 

S. 
ice can also take the form of a hollow chamber 
between the ice and the conductor which is filled, 
or partially filled, with a non-freezing liquid, Such 
as alcohol, the level of the liquid being regulated 
by a thermostatically controlled feed. When it 
is full of liquid, naxinun heat transfer results. 
When the liquid is lowered, the gas filled Space 
above the liquid gives added resistance to the heat 
flow, or 

(3) Relatively small ice supporting areas can 
be set up On the conductor Where it is opposed to 
the ice Surface, Well insulated against heat flow 
from the conductor, and Sufficient heat applied 
to these areas under thermostatic control from 
the refrigerated Space, to permit the ice to melt 
more rapidly at these points and the Whole ice 
mass to be lowered nearer the conductor, thus 
increasing the rate of heat flow as necessary to 
keep the conductor chilled to the required tem 
perature. Any conveniently controlled Source of 
heat may be used for this purpose including elec 
trically heated resistance wires fixed to the Sup 
porting insulated areas; or a fluid, such as air or 
alcohol circulating in a closed pipe System which 
picks up heat from the refrigerated space, or out 
side it, and discharges this heat to the ice through 
that part of the system on which the ice is sup 
ported, namely the insulated Small areas, having 
a thermostatic valve located in the system; or 
heat may be taken up from the solid metallic 
conductor or from the air of the refrigerated 
space by a miniature Solid metallic conductor 
System and transferred as required to the sup 
port areas in any of the ways used in the prin 
cipal heat transfer for refrigerating purposes; 
or heat may be supplied as required to the in 
Sulating Supporting areas from the controlled 
inter-action of Suitable chemicals. This way of 
regulating the heat-resisting space between the 
ice and the conductor uses principally a gas and 
air-filled space and a balanced condition. Such as 
is described above, although it may also operate 
by the alternate hard on and off action also de 
scribed above. This method is based on a fact 
have discovered that solid CO2 when supported 
on small insulated areas over a metallic con 
ductor which is a source of heat will not melt 
down over the Supporting areas and approach the 
conductor so long as the Supports are colder than 
the conductor surface opposed to the ice. 

(C) Ways of controlling the heat transfer 
through the conductor itself. These include va 
rious means for breaking the continuity of the 
heat-conduction along the metallic conductor by 
actually breaking the conductor at some con 
venient point beyond its point of contact with 
the refrigerant in order to form a controlled re 
sistance to the heat flow similar to the resistance 
between the ice and the conductor described 
above in paragraph B. The break must be SO 
located and sufficiently great as to cut down the 
heat flow below the minimum required for re 
frigeration puirposes and the controlling means 
for closing this break must be adequate to in 
crease the heat fiow to the maximum require 
ments. For instance, a break of one-half inch 
or one inch may be provided and the break me 
chanically adjusted or closed by hand or ther 
mostatically controlled means, or a suitable Sep 
arate heat-conducting means automatically 
moved into place as required. One Way of regul 
lating the heat flow across the break, or re 
sistance interposed in the conductor itself, is to 
provide a short length of flexible metallic heat 
conductor which is moved in and out of contact 
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B-B, Fig. 1 being a section of Fig. 2 taken at 
A-A. Fig. 3 shows the ice compartment of 
Fig. 1 arranged for the use of brine ice. This 
ice which melts at -6 F. (When made of a 
eutectic mixture of Sodium chloride) must be 
kept in direct contact with the conductor 3 to 
produce low enough temperatures to preserve ice 
cream. In this arrangement it is kept in con 
tact with the vertical portions of the conductor 
which form the sides of the ice compartment. 
The bottom of the ice compartment is formed of 
the inclined metal floor 6, and it is not necessary. 
to fold the conductor under the ice compartment. 
This inclined floor forces the ice by gravity con 
tinually up against the conductor side walls as 
shown. A drain is provided to carry off the 
melted brine. Fig. 4 is a perspective view of the 
conductor used in Fig. 1. It illustrates clearly 
the large heat absorbing Surfaces of the con 
ductor as compared with the portion presented at 
the bottom of the ice compartment for transfer 
ring the heat to the ice. 

Fig. 5 shows the cabinet of Fig. 1 arranged for 
transferring a Smaller proportion of heat to the 
dry ice via the conductor; and at the same time 
permitting a heat transfer to the surface of the 
ice by convection air currents from the refriger 
ated Space. The extended Surfaces of the con 
ductor are cut down to the vertical portions only 
outside the ice compartment. An opening 8 at 
the top permits air access to the surface of the 
ice direct, and on opening 9 at the bottom permits 
cold air and gas to escape from the ice compart 
ment to the refrigerated space. A valve is ar 
ranged to close the lower opening 9 when the re 
frigerating temperatures drop too low, opening 
When they rise above the desired point. This 
valve is operated automatically by the bi-metallic 
thermostatic spring 0 which is responsive to the 
temperature of the refrigerated space and is ad 
justed by means of the lever f2. In this appa 
ratus a principal amount of heat reaches the ice 
via the conductor 3 and conductor resistance 5 
only when the valve is closed. As there are 
less heat absorbing Surfaces and, when the valve 
is open, there are strong convection currents in 
the refrigerated Space the temperature differen 
tials tend to be higher. 

Fig. 6 shows the cabinet of Fig. 1 arranged to 
retain under pressure in the ice compartment the 
carbon dioxide gas resulting from the Sublima 
tion of the dry ice. This gas can then be piped 
outside the cabinet and used for carbonating 
beverages. As it would frequently happen that 
the amount of heat transmitted to the ice by the 
conductor from the refrigerated Space would not 
produce sufficient CO2 gas there is provided an 
auxiliary means of heating the ice compartment 
to speed up the sublimation of the ice as required. 
Imbedded in the sides of the ice box insulation 
are metal plates 3 to which are secured resist 
ance Wires which When Supplied by current from 
battery f , or other source of electricity, heat up. 
The plates 3 are then Warmed up, heat is trans 
mitted from plates 3 to the ice and an increased 
production of CO2 gas takes place without affect 
ing the normal transfer of heat from the refriger 
ated space via the conductor. The gas escapes 
through pipe 6 into an auxiliary tank 7 which 
in turn delivers it for use to outlet 8. Tank 
is fitted with a pressure safety valve 9, and with 
a pressure controlled switch 5 which turns the 
electric current on and off. 

Fig. 7 shows a cabinet similar to Fig. 1 with the 
ice compartment, adapted for dry ice, located in 

7 
one side. Fig. 8 is a horizontal section of Fig. 7 
taken at B-B; Fig. 7 being a vertical Section of 
Fig. 8 taken at A-A. FigS. 9 and 10 show the 
cabinet of Fig. 7 adapted for use with brine ice 
as described above in the discussion of Fig. 3. A 
Somewhat larger heat absorbing conductor Sur 
face is used than in Fig. 7 because of the higher 
temperature refrigerant. 

Fig. 11 illustrates a vertical Section of a house 
hold refrigerator using dry ice. The conductor 3 
is bent around four sides of a hollow cube within 
which are located the conventional ice cube freez 
ing trays 33. A dish 34 is placed on one of the 
shelves directly under the conductor to catch 
meltage when defrosting. If desired the outside 
surfaces of the two vertical conductor Walls may 
be finned to provide more heat absorbing surface. 
Temperatures are regulated by the usual con 
ductor resistance 5. - 

Figures 12 to 21 inclusive are diagrammatic 
vertical Sectional views of various forms of Con 
ductor resistance used for regulating the rate of 
heat transfer from the refrigerated space to dry 
ice via an extended metallic conductor. 
12 the spaced relation, or thickness of conductor 
resistance, between the conductor 3 and ice 4 is 
regulated by means of the lever 37 which is pivot 
ed at point 38. The ice is supported on metal 
plate 35, preferably of the same material as the 
conductor 3, and this plate raised or lowered by 
means of the lever 37 which may be operated in 
any convenient manner. The conductor resist 
ance is formed by the plate 35 in combination 
with the gas filled space 36. 
In Fig. 13 a support for the ice is formed by the 

hollow tube 39 which is insulated at 40 from the 
conductor 3. Tube 39 is filled with a non-freez 
ing fluid, such as alcohol, and forms a closed Cir 
culating system. Incorporated in the down leg of 
this system is valve 4 operated by a conventional 
thermostatic bellows A2, which in turn is respon 
sive to the temperature of the refrigerated space 
through bulb 43. In operation when the re 
frigerating temperatures are higher than desired 
the valve 4 remains open, the liquid circulates 
in the direction of the arrows, the portion of the 
tube supporting the ice becomes warmer melting 
that portion cf the ice resting on the tube and 
allowing the remaining portions of the bottom 
surface of the ice to approach the conductor 3. 
This action results in an increased chilling of the 
conductor, a lowering consequently of the re 
frigerating temperatures and ultimately a closing 
of valve 4 when these temperatures go below the 
thermost at setting. The ice resting on the tube - 
then ceases to melt so rapidly because the tube 
is insulated from the Warmer conductor and the 
ice begins to melt back from the conductor proper. 
The spaced relation, or conductor resistance, be 
tween the ice and conductor is thus increased, 
the refrigerating temperatures gradually go up 
and the cycle is repeated. Any convenient means 
under thermostatic control may be used to heat 
the insulated ice support, the one described being 
only one of several preferred forms. 

Figures 14 to 17 inclusive show various ways 
of introducing the controlled conductor resistance 
in the path of the metallic conductor itself, as 
distinguished from its location between the ice 
and the conductor. In Fig. 14 the continuity 
of the metal conductor is broken by the gap 3. 
This gap is closed by the plate 3' hinged on one 
side to the conductor at 44. The plate is caused 
to swing in and out of contact With the con 
ductor surfaces on either side of the gap by means 

O 

20 

in Fig. . 
25 

30 

3 5 

40 

5 

5   




