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UNITED STATES PATENT office 
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METHOD AND APPARATUS FOR . 
REFRGERATION 

George W. Russell, Jr., Silver Spring, Md., assign 
or to American Instrument Company, Silver Spring, Md., a partnership 
Application May 26, 1943, Seria No. 488,579 

(CI. 62-91.5) 
My invention relates broadly to refrigeration 

5 Claims. 

and more particularly to a system for selectively 
controlling refrigeration temperatures. 
One of the objects of my invention is to pro 

vide a method of selectively controlling refrig 
eration temperatures at relatively low tempera 
ture ranges. 
Another object of my invention is to provide 

a method of controlling refrigeration tempera 
tures by selecting strata or zones of a circulat 
ing gaseous mixture about a refrigerating source 
and effectively utilizing a selected strata or zone 
of the gaseous mixture for refrigeration 

Still another object of my invention is to pro 
vide a system of refrigeration particularly adapt 
ed for effecting refrigeration at controlled tem 
peratures with ordinary commercially available 
dry ice. 
A further object of my invention is to provide 

a system of refrigeration having means for Se 
lecting strata, or ZOnes of a circulating gaseous 
mixture moving about a mass of chemically pre 
pared dry ice for the precision control of tem 
peratures by stratification of the gaseous mixture. 
Other and further objects of my invention re 

side in a method and apparatus for selectively 
controlling temperatures in a dry ice cabinet as 
Set forth more fully in the specification herein 
after following by reference to the accompany 
ing drawings, in which:. . 

Figure 1 is a cross-sectional view taken through 
a dry ice cabinet embodying the principles of my 
invention; Fig. 2 is a transverse section through 
the dry ice cabinet taken substantially on line 
2-2 of Fig. 1; Fig. 3 is a front elevation of the 
dry ice cabinet illustrated in Figs. 1 and 2 show 
ing the calibrated temperature control means ad 
justable from the exterior of the cabinet; Fig. 4 
is a fragmentary plan view of the dry ice com 
partment of the dry ice cabinet taken substan 
tially on line 4-4 of Fig. 2; and Fig. 5 is a sche 
matic wiring diagram of One form of control cir 
cuit employed in the refrigeration system of my 
invention. . 

My invention is directed to a method and ap 
paratus for refrigeration utilizing commercially 
available blocks of dry ice. A dry ice compart 
ment is arranged adjacent a low temperature or 
working compartment in which the low tem 
peratures are utilized. The dry ice compartment 
is divided into sections with a container for dry 
ice arranged in a substantially central section 
Or position within the compartment with pas 
sages for the circulation of a gaseous mixture 
both above and below the substantially central 
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section. A force fan circulator for the gaseous 
mixture is located in one section of the dry ice 
compartment. A temperature controlled regul 
lator is arranged in the working compartment 
and is operative to control a main damper in a 
passage or by-pass adjacent one section of the 
dry ice compartment for controlling the circula 
tion of the gaseous mixture through the dry ice 
compartment and through the by-pass. By cir 
culating the gaseous mixture through the dry 
ice section of the dry ice compartment, tempera 
ture conditions over a range of from 5 F. above 
zero to 110 F. below zero have been successfully 
developed in the refrigeration system of my in 
vention. The particular feature of my invention 
resides in the arrangement of a sliding damper 

: adjacent the dry ice section of the dry ice com 
partment. This sliding damper selects the strata 
or ZOne of the gaseous mixture adjacent the dry 
ice section of the dry ice compartment which 
may be selectively circulated through the work 
ing compartment. By adjusting the position of 
the sliding damper, various stratifications or 
zones of air adjacent the dry ice section of the 
dry ice compartment may be selected and the 
gaseous mixture effectively circulated around the 
dry ice Section and through the Working Com 

3) 

4. 

partment for effective utilization at predeter 
mined temperatures. That is to say, my investi 
gations have shown that for different settings of 
the sliding damper relative to the dry ice section 
of the dry ice compartment different strata of 
cold gaseous mixture are selected and the select 
ed strata, when circulated produce refrigeration 
in the working compartment corresponding to 
the temperature of the selected strata. The ten 
perature gradient adjacent the dry ice section of 
the dry ice compartment is directly dependent 
upon the displacement, or position of the sliding 
damper adjacent the dry ice section of the dry 
ice compartment. The sliding damper may be 
set in a predetermined position for the selection 
of the strata of the circulating gaseous mix 
ture adjacent the dry ice compartment. In lieu 
of the presetting of the sliding damper in a per 
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manent selected position, I may provide a suitable 
actuator operated by remote control from a po 
sition external to the cabinet. The damper may 
thus be selectively displaced in position to select 
that strata or zone which will effect the desired 
refrigeration for the particular conditions re 
quired. The remote control adjusting mecha 
nism may be suitably calibrated so that the tem 
peratures adapted for the particular presetting 

  



2 
of the position of the damper may be readily 
determined. 
The refrigeration system of my invention pro 

vides means for effectively utilizing commercially 
obtainable blocks of dry ice for obtaining low 
temperatures for such industrial purposes as rivet 
Cooling, the testing of aircraft instruments, Syn 
thetic rubber testing, the shrinking of connect 
ing members for forming tight fits, and for other 
purpoSeS. 
My invention also has application in the quick 

freezing of foods and in the preserving of cer 
tain Vegetables by the freezing process. In addi 
tion to the industrial applications mentioned, 
my invention is also applicable in certain do 
mestic refrigeration systems. 
My invention will be more fully understood by 

detailed reference to the drawings wherein the 
Working compartment of the refrigeration appa 
ratus is represented at 2 and the dry ice com 
partment is represented at . 22. The compart 
ments are formed within a laminated heat insu 
lation wall structure designated generally at 5. 
The compartments are separated by a main baffle 
or partition 3 containing passages adjacent both 
the top and bottom. A steel liner f4 is provided 
for the two compartments adjacent the insulated 
laminated wall 5. The exterior of the insulated 
laminated wall structure 5 is covered by an ex 
ternal cover material represented at 6. The up 
per peripheral edge of the insulated wall struc 
ture is covered by a layer of felt designated at 
7. The working compartment 2 is closed by a 

working compartment lid 8 while the dry ice 
compartment 22 is closed by a dry ice Compart 
ment lid 9. Thermo-pane window 20 is provided 
in the Working compartment lid 8. This window 
is formed by a multiple stack arrangement of 
glass plates spaced by a peripheral separator of 
sheet metal and silica gel with the space between 
the glass plates dehydrated, thus forming a 
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2,359,796 
serve as bearings for the adjusting shaft 57. The 
adjusting shaft 57 is journalled in the bearings 
formed by the standards 56 and extends through 
the insulated laminated wall structure 5. A 
heat insulating sleeve member 58 forms a casing 
Surrounding the shaft 57 preventing appreciable 
loss of the low temperatures developed in the dry 
ice compartment 22. The projecting end of shaft 
57 carries a gear 59. An auxiliary gear 60 car 
ried by control shaft 6 journalled adjacent the 
gear 59 meshes with gear 59 and provides an ad 
justing means therefor. A casing 62 surrounds 
the gear System forming a gear housing for the 
gears. A control knob 63 connects with shaft 6 
and serves as a manual grip device for effecting 
adjustment of the damper 8. The casing 62 car 
ries a calibrated dial represented at 64 over which 
the indicator 65 sweeps for adjusting the slidable 
damper 8 to a particular strata or zone of the 
gaseous mixture Within the dry ice compartment 
22. The calibrated scale 66 enables the damper 
8 to be set, adjusted and reset to a selected posi 
tion. 
By shifting the sliding damper 8 to different 

positions, a Selected strata, or layer of cold gas 
eous mixture may be segregated and circulated 
through the dry ice compartment over a prede 
termined temperature range. By shifting sliding 
damper 8 to a position near the upper extremity 
of the dry ice compartment 22 so that section 
24 of the dry ice compartment becomes a rela 
tively narrow passage, temperatures in the range 
of 5 F. above zero may be selected and main 
tained whereas upon lowering the sliding damp 
er 8 to a position which substantially exposes 
the end section of the dry ice container , tem 
peratures in the range of 110° F. below zero may 
be selected and maintained. 

4) 

transparent window which prevents the loss of 
any appreciable amount of refrigeration. 
The working compartment 2 is adapted to re 

ceive the articles or foods to be subjected to the 
extremely low temperatures developed in the re 
frigeration system. The dry ice compartment 22 
is divided into sections including a central sec 
tion 23 and end sections 24 and 25. The central 
section 23 includes a support for blocks of dry 
ice indicated generally at 26. The support f is 
formed from a suitable open mesh screen allow 
ing the circulation of air between the blocks of 
dry ice deposited in the support . The Sup 
port for the dry ice is insulated at one side by in 
sulation sheet 27 and along its bottom through 
out a portion of its length by insulation sheet 28, 
supplemented by additional sheet 28a which may 
be wood or other suitable material. The support 
or carrier it is constructed from open mesh sheet 
metal having substantial rigidity while allowing 
free circulation of the gaseous mixture around 
the dry ice contained therein. At one end of the 
support or carrier for the dry ice, I provide a 
pair of vertically extending guide rails 29 which 
form guides for a vertically adjustable sliding 
damper 8. The vertically adjustable sliding 
damper 8 constitutes an end closure for the car 
rier for the dry ice shown at and is selectively 
movable to different positions adjacent the end 
of the carrier. 
The vertically sliding damper 8 is provided with 

a pair of rack members 55 projecting from one 
face thereof. The vertically extending guide rails 
29 have standards 56 mounted thereon which 
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The sections 24 and 25 are interconnected 
through the passage 30 at the end of the dry ice 
compartment and beyond the sliding damper 8. 
A circuitous path around the dry ice section if 
is completed through passage 3 adjacent the 
top of partition f3, intermediate the working 
compartment 2 and the dry ice compartment 22 
and through the confined passage 40 in section 
25. A circulating fan 32 is located in the con 
fined passage 40 in the section 25 of the dry ice 
compartment 22 and is driven by motor 2 ar 
ranged externally of the cabinet structure. The 
confined passage 40 has an end plate 4f which is 
apertured at 42 for the entry of circulating fan 
32 therethrough. The other end of confined pas 
sage 40 opens through aperture 43 in partition 3 
into the Working chamber 2. A drive shaft 33 
extending from motor 2 drives fan 32 for effect 
ing forced circulation of air through the dry ice 
compartment according to the path indicated by 
the circulating lines in Figs. 1 and 2. For the 
purpose of controlling the circulation of air 
around the dry ice compartment, I arrange a 
main damper 7 in the section 24 of the dry ice 
compartment. Main damper T is constituted by a 
valve plate pivotally mounted along one longi 
tudinal edge thereof as represented at 34 and 
arranged to be displaced in position for varying 
the opening for the gaseous medium through 
passage 3 in partition 3 and through section 
24 of the dry ice compartment. The main damp 
er 7 is varied in position through a connection 
35 extending to a solenoid actuator 4 which is in 
turn controlled by the operation of a relay cir 
cuit controlled by thermostatic regulator 3. The 
mechanism of the relay circuit and system is con 



2,859,796 
veniently housed in container mounted on one 
Side of the cabinet. 

Fig. 5 shows one form of circuit arrangement 
for the-control system of my invention. In all 
instances where the control mechanism is carried 
through the cabinet structure, I provide heat in 
sulation to prevent leakage of heat from the ex 
terior of the cabinet to the interior thereof. For 
example, around regulator 3 which extends 
through the insulated wall of the cabinet, I pro 
vide a heat insulating sleeve represented at 136 
and around the damper actuating mechanism 
represented at 35 I provide a heat insulation 
sleeve 37 while around motor drive shaft 33 there 
is a heat insulation member 38. 
A heating coil 44 is arranged in the confined 

passage 60 and supported from terminals mount 
ed in end plate 4. The heating coil 44 may be 
cut into and Out of the circuit under control 
of actuator 46 that operates suitable switch 47 
for supplying current through adjustable trans 
former 48 for energizing heating coils 44. It 
will be observed that motor 2 drives fan. 32 con 
tinuously for circulating the gaseous medium 
through the working compartment 2 and the 
control is brought about by control of position 

() 
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2. The method of controlling temperatures, 

which comprises suspending a cold solid in a 
confined gaseous atmosphere in which the tem 
perature adjacent the cold solid varies in ac 
cordance with the effective dimensions of the 
solid, selectively exposing different dimensional 
portions of the cold solid to the gaseous atmos 
phere for selecting stratifications of different 
temperatures adjacent the cold solid, and for 
cibly circulating a selected strata of gas around 
said cold solid for maintaining a temperature 
within said confined space dependent upon the 
temperature of the selected strata of gas adja 
cent the cold solid. 

3. In a system of refrigeration, a container 
for receiving a cold solid, means for mounting 
said container within a confined atmosphere, a 
slidable damper arranged adjacent the cold solid 

25 

of the main damper and/or the energization . 
of heating coils 44. Power is supplied to the 
cabinet through mains indicated at 49 through 
switch 50. Transformer 5 furnishes reduced 
potential for control of the button relay circuit 
indicated at 52 through thermostatic regulator 
3 and also the potential required for operation 
of solenoid actuator that controls main 
damper 7. 
While I have described my invention in cer 

tain preferred embodiments, I desire that it be 
understood that modifications may be made and 
that no limitations upon my invention are in 
tended other than may be imposed by the scope 
of the appended claims. 
What I claim as new and desire to secure by 

Letters Patent of the United States js as follows: 
1. In a system of refrigeration, the method of 

controlling temperatures which comprises Sup 
porting a cold body in a confined passage for a 
gaseous mixture in which the temperature main 
tained by the cold body varies from a high ad 
jacent the top of the cold body to a low adjacent 
the bottom of the cold body, Selecting strata of 
the gaseous mixture in the course of its passage 
over the cold body and forcibly circulating the 
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and shiftable to expose selected portions of the 
cold solid to the confined atmosphere, and means 
for forcibly circulating a gaseous mixture 
around the selectively exposed portion of the 
Solid. 

4. In an apparatus for effecting refrigeration, 
a cabinet for confining a gaseous mixture, a 
container for a cold solid, a passage for the 
gaseous mixture extending adjacent said con 
tainer, a damper intermediate said container 
and said passage, said damper being shiftable 
to selected positions for Selectively exposing Se 
lected portions of said solid to the gaseous mix 
ture in said passage, and means for forcibly cir 
culating the confined gaseous mixture around 
the exposed portion of said cold solid for main 
taining temperatures proportional to tempera 
tures corresponding to the exposed portions of 
the coid Solid. 

5. In an apparatus for effecting refrigeration, 
a cabinet for confining a gaseous mixture, a 
container for a cold solid, a passage for the gas 
eous mixture extending adjacent said container, 
a damper intermediate said container and said 
passage, said damper being shiftable to selected 

Selected strata of the gaseaus mixture in a con- . 
fined path around the cold body. 

positions for selectively exposing selected por 
tions of said solid to the gaseous mixture in said, 
passage, means for forcibly circulating the con 
fined gaseous mixture around the exposed por 
tion of said cold solid for maintaining tempera 
tures proportional to temperatures correspond 
ing to the exposed portions of the cold solid, and 
means for separately controlling the flow of the 
gaseous mixture adjacent the exposed portion 
of the cold Solid. 

GEORGE W. RUSSELL, Jr. 

  


