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This invention relates to Dry Ice manufacture, and 
more particularly to an operation in which snow is formed 
continuously by the expansion of liquid carbon dioxide 
and the snow compacted in Dry Ice blocks. 
An object of the invention is to provide a machine 

and method for the continuous forming of CO2 snow and 
the compacting of the snow into blocks of varying sizes. 
A further object is to utilize in such a machine and 
process means for producing a sudden release of the 
snow to permit its being compacted by compression ap 
paratus, while at the same time utilizing incoming, rela 
tively warm, liquid CO2 and returning revert gas formed 
in the operation to the compressor. A further object is 
to provide in such a process and apparatus, effective 
means for controlling the formation and release of Snow, 
the compacting of the snow into blocks of a desired size, 
the ejecting of the blocks while still held under com 
pression, the control of the return ?ow of revert gas, and 
other important steps in the manufacture of Dry Ice. A 
still further object is to provide a compact machine which 
may be employed effectively for the production of rela 
tive small quantities of Dry Ice as the same is required, 
the apparatus being relatively inexpensive and represent 
ing a relatively small mass of metal to be cooled in the 
manufacturing operation. Other speci?c objects and ad 
vantage; will appear as the speci?cation proceeds. 
The invention is shown, in an illustrative embodiment, 

by the accompanying drawings, in which— 
FIG. 1 is a side view in elevation of apparatus em 

bodying my invention; FIG. 2, an enlarged broken verti 
cal sectional view of the upper portion of the snow tower 
or column; FIG. 3,v a developed perspective view of the 
compressor piston and associated parts, the same being 
shown in spaced-apart relation; FIG. 4, an enlarged verti 
cal sectional view of the snow tower or column and the 
compression cylinder communicating therewith; FIG. 5, 
a transverse sectional view taken atthe point of union 
between the two parts of the snow tower as indicated by 
the line 5—5 of FIG. 4; FIG. 5-A, an enlarged detail 
sectional view showing the bottom of the column and 
tower and the space therebetween; and FIG. 6, a perspec 
tive view of the indicating means employed with the 
compressor for showing the size of the block formed in 
the compression step. 

In the illustration given, A designates a snow tower and 
B a compression cylinder. ' 

The snow tower, as shown best in FIG. 4, employs a 
vertical column 10, which may be of relatively uniform 
diameter. Within the column 10 is supported a cone 
shaped chamber 11. Both of the cylinders 10 and 11 
are separated at an intermediate point by ?anges 12 
and 13 and with a closure plate 14 therebetween. The 
closure plate 14 has three apertures 15 therethrough, each 
being adjustably controlled by a threaded screw or closure 
16, as shown more clearly in FIG. 5. The purpose of 
the structure is to control the ?ow of gas through the 
chamber space provided by the cylinders 10 and 11 be 
low the plate 14. As will be later described, revert gas 
may pass upwardly through the lower space between 
cylinders 10 and 11 and through the apertures 15 into 
the larger space between the cylinders and above the 
plate 14, the larger space being indicated by the nu 
meral 17. 

Within the space 17, there is a reverse coil 18 for 
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carrying liquid CO2 (usually at a temperature of about 
60° F.), the coil passing downwardly through the cyl 
inder and then being reversed upon itself and extending 
out of the cylinder through line 19. The inlet to coil 
18 is indicated at 18a and such inlet pipe may extend to 
any suitable source of liquid C02. 
The cooled CO2 in pipe 19 passes through control 

valve 25) on the instrument box 21. On the box 21 may 
be mounted suitable guages for indicating the pressure 
in the snow tower and other portions of the apparatus 
and which will aid the operator in the operation of the 
machine. When valve 26 is opened, the liquid CO2 will 
pass through pipe 22 to the expansion nozzle 23 at the 
top of the cone cylinder 11 controlled by valve 23a. 
The expansion nozzle or valve may be of any suitable 
construction, and is preferably of a type which will give 
a nice control of the release of the liquid within cyLnder 
11 so as to form snow therein. In the illustration given, 
the liquid CO2 is released through the valve and dis 
charged through the pipe 24 into the cone 11, which is 
preferably formed of stainless steel. 

I prefer to equip the tower with a safety closure plate 
25 which is held in place by springs 26, as shown more 
clearly in FIG. 2. 
The compression cylinder B comprises preferably a 

horizontal cylinder having centrally thereof an opening 
27 communicating with the bottom of cylinders 10 and 
11. The cylinders 10 and 11 are slightly spaced apart 
at their bottom, preferably by about 175,2", so as to pro 
vide a small ori?ce through which revert gases may pass 
upwardly in the space 28 between members 10 and 11. 
The compression cylinder 13 has a discharge end 29 

closed by a movable gate 30 carried by the discharge 
plunger 31. The plunger 31 engages a piston (not shown) 
mounted within the hydraulic cylinder 32 to which pres 
sure ?uid is supplied through lines 33 and 34 from the 
motor-driven pump 35. Control of the pressure ?uid is 
through a valve 36. Pipe 33 is provided with a restrictor 
valve 37 for the purpose of maintaining pressure upon 
the block of ice while it is being discharged tor a limited 
period of time. 

Opposite the discharge end 2% of cylinder B is mounted 
the compressor piston 38. The compressor piston is actu 
ated by the plunger shaft 39 which extends through the 
piston 33 and rearwardly therefrom through plate 40 
and which is connected to a piston (not shown) in the 
hydraulic cylinder 41. Fluid from the pressure pump 
35 is supplied to opposite ends of the cylinder 41 through 
the pipes 42 and 43, and the ?ow of the ?uid is controlled 
by the hand valve 44, or, optionally, by the foot-operated 
control 45. 
The compressor piston 38 may be provided with leather 

sealing rings 46 and at its forward end with a pad 47 
formed of leather or ‘other ?exible or resilient material 
which will retain its resiliency under the intense cold con 
ditions encountered within cylinder A. I have found 
that leather is most e?ective under these conditions of 
intense cold, having no tendency to stick to the Dry Ice 
blocks and permitting a ready discharge of the blocks 
when formed. 
When the liquid CO2 is expanded, there is formed both 

snow and revert gases, and the present invention contem 
plates the return of the revert gases through the chambers 
17 and 28 and back to a compressor, and it is desired 
to utilize the revert gases in a heat exchange contact with 
the incoming, relatively warm, liquid CO2 in the coil 18, 
while at the same time raising the temperature of the re— 
vert gases going back to the compressor. To this end, 
revert gases are allowed to ?ow upwardly through two 
separate channels. One channel is through the lower ends 
of the spaced cylinders 19 and 11 and into the space 28 
and thence through the plate openings into the space 17. 
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Another channel is upwardly through the forward por 
tion of the cylinder B into communicating boxes 48 and‘ 
49 and thence through pipe fit} into the chamber space 
17. Box 48 is in open communication at its bottom with 
cylinder B and communicates with box 49 through open 
ing 43a. The pipe 54} leads from the top of box 49 for 
carrying revert gases to cylinder space 17. ‘I prefer to 
pass the revert gases through a check valve (not shown) 
within the box 49 and warm oil returning to the oil reser 
voir is passed through the box 49 about the check valve 
so as to prevent it from freezing in the operation of the 
apparatus, while at the same time the hydraulic oil is 
cooled. 

Revert gas from the two channels indicated leaves the 
top of the chamber 17 through the valve-controlled pipe 
51 and back to the compressor. 

In order that the operator may know immediately the 
‘size of the cake of Dry Ice produced in the compression 
operation, I prefer to secure to the plate 4% mounted on 
the compression piston shaft 39 a rod 52. The rod 52, 
as shown best in FIGS. 3 and 6, is connected by bracket 
53 to an indicator rod 54 slidably supported within the 
sleeve 55. The rod 54 extends over a scale 56 and with 
each reciprocation of the piston 38 the operator can de 
termine the thickness of the Dry ice block formed within 
the compression cylinder. 

Operation 
In the operation of the apparatus, liquid CO2, which 

may be relatively warm, enters the coil 18 extending about 
the cone 11, where it gives up heat to the surface of the 
cone 11 while at the same time meeting the cold revert 
gases passing upwardly through space 17. The chilled 
liquid CO2 is then allowed to flow, when valve 24) is open, 
through pipe 22 and the expansion nozzle 23 for the 
forming of snow Within the cone 11, where when the pis 
ton 38 is in its forward position a pressure in the neigh 
borhood of twenty pounds per square inch is built up. 
The snow, as it is formed while the piston is in its re 
tracted position, drops downwardly into the compression 
cylinder B and is compressed by the forward movement 
of the piston 33. For effective operation of the apparatus, 
it is important that there be a quick release of the snow, 
and it is found that when the piston 38 is retracted in its 
operation from the discharge end 29 of cylinder B, 
there is a sudden drop in pressure in the cylinder and the 
pressure that has been built up within the snow cone 11 
causes a quick release of snow ?lling the compression 
chamber for the next compression operation. Such sud 
den release of snow is further effected by the shape of the 
cone chamber 11 and by the effect of the warm coil 13 

Thus, ‘in the reciprocation of the com 
pression piston 33, it is found that there are quick or 
sudden releases of snow as the piston is retracted to the 
position shown in FIG. 4, so that almost immediately the 
piston may be moved forwardly to effect a further com 
pression of the deposited snow. 
The operator, by the actuation of the valve 44, may 

cause the piston 38 to be repeatedly withdrawn and ad 
vanced to increase the size of the Dry ice block to the 
desired thickness of, say, seven or eight inches. The in 
dicator rod 54 automatically shows the thickness of the 
block, and when the block is to be discharged, the opera 
tor moves valve as to cause a retraction of the closure 
plate 30. 

In order to prevent the Dry lee block from exploding or 
breaking up as it is suddenly released from the cylinder 
is, I prefer to maintain the closure plate 39 ?rmly against 
‘the block at one end thereof as the block is being ejected 
by piston 33, and, to this end, the restrictor valve 37 
brings about such pressure. After the block has been 
released from the cylinder for a few seconds, it may be 
released and allowed to fall into the Dry ice receptacle in 
dicated by the numeral 57. The receptacle 5’! may be 
formed of canvas or other material for receiving the Dry 
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ice block without injury to the block. The outlet end 
portion of cylinder B near the gate or closure 30 is 
slightly ?ared to facilitate removal of the block. 

in the foregoing operation, revert gases formed in the 
operation may return while the piston is in retracted 
position through the boxes 48 and 49 and pipe 50, and 
also through the plate openings 15, to chamber 17. 
When, however, the piston 33 is in advanced position, 
the former escape passages are closed oil and at this time 
the revert gases may pass upwardly betwezn the cylinders 
it) and 11 into the chamber 2S and from thence through 
passages 15 into chamber 17. While, as stated, the pis 
ton automatically seals the entrance to the revert boxes 
48 and 49, when the piston is on its forward stroke, the 
cold revert gas may nevertheless pass around the bottom 
edge of the cone and up through the adjustable slots 15 
into the space 7 above the dividing flange or plate 14 
and such ?ow may be controlled by the adjustable screws 
16 controlling slots or passages 15. As shown best in 
FIGS. 4 and 5a, the lower end of the tower 11 is slight 
ly shorter than the cylinder 1%, leaving a space through 
which cold revert gas may pass from the lower portion 
of the tower into the restricted passage 15. 
As stated earlier, the sudden release of pressure with 

in the snow cone 11 is of great importance in causing the 
quick release of snow from the cone and the deposit of 
the same within the compression cylinder B. As the 
piston 38 is advanced during the compression step toward 
the gate or closure plate 3%), revert gas can no longer 
escape through the release boxes and conduit 58 into the 
upper cylinder chamber 17, but instead high pressure is 
built up within the lower cylinder chamber 28 as well as 
Within the chamber of cone 11, so that a relatively high 
pressure, say, in the neighborhood of twenty pounds, is 
thus built up within the cone chamber and a similar pres 
sure within the chamber 28. Now, when the piston 38 
is retracted so as to uncover the outlet from the cone, 
the revert gases pass through pipe 50 into the lower 
pressure chamber 17 and there is a sudden lowering of 
pressure within the cone chamber and within the cham 
ber 28 through the release of revert gas and the ?owing 
of the same back to chamber 17 and also by the retract 
ing of piston 38. As a result, there is a drop in pressure 
within the cone chamber to, say, two or three pounds, 
and this sudden release of pressure, in conjunction with 
the other elements hereto-fore described, causes the snow 
within the cone 11 to drop instantly into the compres 
sion chamber of cylinder B. In the foregoing operation, 
the adjustment screws 16 control the restricted conduit 
15 connecting chambers 28 and 17 so as to build up the 
high pressure during the forward stroke of piston 38 with 
in the cone and chamber 28, and thus serve to maintain 
a substantial differential in pressure between the two 
chambers. 

in starting the machine, it is desired to remove air 
from it, ‘and this may be accomplished by opening the 
closure plate 39 slightly and passing CO2 gas through the 
machine for ‘a short period of time. 

Instead of having pipes 18a and 19 passing through 
the sides of casing ill, these pipes or tubes may be passed 
through the head or closure plates of cylinder 10. 

It will be understood that it is also desired at times to 
produce snow for commercial uses where the snow is not 
compacted, or compacted very slightly. Such a product 
may be produced continuously in the snow-forming tower 
‘and the snow ejected through the discharge end 29 of the 
cylinder B. 

While, in the foregoing speci?cation, I have set forth 
a single embodiment of the invention in considerable de 
tail for the purpose of illustrating the same, it will be 
understood that such details of structure and process steps 
may be varied widely by those skilled in the art without 
departing from the spirit of my invention. 

l claim: 
1. in Dry Ice manufacturing apparatus, a vertical col 



3,070,967 
5 

umn, a rigid cone-shaped tower mounted within said col 
umn and providing a revert gas release chamber between 
it and said column, a coil within said chamber extending 
about said cone for circulating relatively warm liquid CO2 
about said cone, means for releasing said circulated CO2 
in the top portion of said tower to form snow, an angu 
larly-related compression cylinder communicating with 
the lower larger end of said tower and having a discharge 
end, movable means for closing the discharge end of 
said cylinder, a revert gas release conduit leading from 
said cylinder to said gas release chamber, a compressor 
piston mounted in said cylinder opposite said discharge 
end, means for moving said piston toward the closed end 
of said cylinder for compressing snow into Dry Ice, for 
closing said conduit and for raising the pressure in said 
tower, and means ‘for retracting said piston to open said 
conduit and to release said pressure in said tower where 
by snow within said tower is quickly released during said 
return movement of the piston, said column and cone 
tower providing a restricted passage therebetween oom 
municating with a central port-ion of said cylinder for 
supplying a restricted amount of revert ‘gases to said 
chamber when said ?rst-mentioned conduit is closed by 
said piston and said restricted passage also communicat 
ing with the lower portion of said tower. 

2. The structure of claim 1 in which said movable 
closure means is adapted to engage an ice cake formed 
in said cylinder and includes a piston engaging the end of 
the ice cake and in which means are provided for hold 
ing said piston in contact with the end of said cake as it 
it being withdrawn from the cylinder. 

3. In Dry Ice manufacturing apparatus, a vertical 
column, a rigid cone-shaped tower mounted within said 
column and spaced therefrom to provide a revert gas re 
lease chamber, a coil within said chamber extending about 
said cone for circulating relatively warm liquid CO2 
about said cone, means ‘for releasing said circulated CO2 
in the top portion of said tower to form snow, a compres 
sion cylinder having a central portion thereof communicat 
ing with the bottom larger end portion of said tower and 
said column, said cylinder having a discharge end, a com 
pressor piston mounted for reciprocation in said cylin 
der toward and away from said discharge end, movable 
means for closing the discharge end of said cylinder, 
a revert gas release conduit providing communication be 
tween said cylinder and said chamber, means for moving 
said piston toward the closed end of said cylinder in the 
compressing of snow into Dry Ice thus raising the pres 
sure in said tower and closing said release conduit, and 
means for retracting said piston to open said release con 
duit and to release the pressure in said tower whereby 
snow formed with said tower is released into said cylinder, 
said column and cone tower providing a restricted passage 
therebetween communicating with a central portion of 
said cylinder ‘for supplying a restricted amount of revert 
gases to said chamber when said ?rst-mentioned conduit 
is closed, said restricted passage also communicating with 
the lower portion of said tower. 
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4. The structure of claim 3 in which threaded adjust 

ment means are provided for controlling ?ow through 
said restricted passage. 

5. The structure of claim 3 in which said reciprocat 
ing piston is provided at its snow-engaging end with a 
resilient release surface. 

6. The structure of claim 5 ‘in which said surface is 
formed of leather. 

7. In Dry Ice manufacturing apparatus, a vertical 
column, a rigid cone-shaped tower mounted within said 
column and providing therewith a revert ‘gas release 
chamber, a warming coil in said chamber and extending 
about said cone for circulating liquid CO2, means for 
releasing said circulating CO2 in the top portion of said 
tower to :form snow, an angularly-related compression 
cylinder communicating with the lower and larger end 
of said tower and column and having a discharge end, a 
compressor piston mounted in said cylinder, movable 
means vfor closing the discharge end of said cylinder, a 
conduit establishing communication between said cylinder 
and chamber, means for reciprocating said piston toward 
and away from the closed end of said cylinder in the com 
pressing of snow, for closing and opening said conduit, 
and for raising and lowering the pressure in said tower, 
sai-d column and tower providing also a restricted passage 
between said cylinder and chamber .for supplying a re 
stricted ?ow of revert gas to said chamber when said 
conduit is closed by said piston, said restricted passage 
also communicating with the lower portion of said tower 
and control means for said movable closure means for 
opening said cylinder and including a piston, ?uid pres 
sure means for reciprocating said last-mentioned piston, 
a pipe supplying pressure ?uid to said pressure ?uid 
means, and a restrictor valve in said pipe for maintaining 
said last-mentioned piston in contact with the Dry Ice 
as it is being removed from cylinder. 

8. The structure of claim 7 in which an indicator rod 
is actuated by the compression piston means for visually 
indicating the size of the Dry Ice block formed by the 
compression piston. 
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