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[5 7] ABSTRACT 

High pressure liquid CO2 is expanded through nozzles 
to produce CO2 snow which is applied to the material 
being cooled. CO2 vapor is suitably connected, as 
through a check valve, to a location between the snow 
nozzle and a control valve therefor. Vapor pressure is 
regulated so that CO2 vapor will be immediately sup 
plied to ?ush liquid CO2 from the conduit leading to 
the snow nozzle Whenever snow-making is halted. 
When an insulated cooling enclosure is used, as in a 
food freezer, a continuous flow of CO1 vapor is main 
tained through the nozzles sufficient to prevent the 
entry of ambient air into the enclosure when snow 
making is temporarily halted. 

, 16 Claims, 3 Drawing Figures 
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SYSTEM FOR COOLING MATERIAL USING CO2 
SNOW 

This application is a continuation-in-part of my appli 
cation Ser. No. 14,575, ?led Feb. 26, 1970 now U.S. 
Pat. No. 3,672,181. 
This invention relates to carbon dioxide refrigeration 

systems and more particularly to methods for cooling 
material using carbon dioxide snow and to apparatus 
for carrying out such cooling. 
Mechanical refrigeration units, including those of the 

air blast type, have long been employed for cooling and 
freezing articles. More recently, systems employing 
cryogenics particularly liquid nitrogen, have entered 
the commercial market. Solid carbon dioxide is consid 
ered to be excellently suited for use in cooling material 
because it exhibits the advantage of exceptional weight 
efficiency, plus a temperature which is much closer to 
the freezing point of water than is liquid nitrogen. 
Various systems have been developed to utilize the 

refrigeration advantages of carbon dioxide, but many 
have exhibited drawbacks. Some of these systems have 
employed a grinding operation wherein large blocks of 
solid carbon dioxide are reduced to a granular size for 
the ultimate refrigeration operation, and such systems 
are considered to be inherently inefficient, giving rise 
to additional loss of refrigeration capacity by the subli 
mation which occurs during the grinding operation. lm— 
proved systems for the utilization of carbon dioxide for 
cooling material continue to be desired. 

It is an object of the present invention to provide im 
proved systems for using liquid carbon dioxide to cool 
material. Another object is to provide improved meth 
ods of cooling material by ?ashing high pressure liquid 
carbon dioxide to deposit carbon dioxide snow directly 
upon the material, which methods can be operated in 
termittently if necessary’without undesirable effects. A 
further object is to provide efficient troublefree appa 
ratus for continuously or intermittently ?ashing liquid 
carbon dioxide to snow for deposition upon material 
being cooled. These and other objects of the invention 
should be apparent from the following detailed descrip 
tion of systems embodying various features of the in 
vention when read in conjunction with the accompany 
ing drawings wherein: 
FIG. 1 is a diagrammatic view of a refrigeration sys 

tem embodying various of the features of the invention 
designed to cool material which'is moved horizontally 
along a conveyor; _ 

FIG. 2 is an enlarged view of one of the snow nozzles 
shown in the system illustrated in FIG. 1; and 
FIG. 3 is a fragmentary view of an alternative system 

similar to that shown in FIG. 1. 
A refrigeration system 110 is diagrammatically illus 

trated by an insulated enclosure 111 into which mate 
rial 113 being cooled or frozen enters through an en 
trance 114 and is carried therethrough on a moving 
conveyor 115 to an exit 116. Liquid carbon dioxide 
under high pressure is expanded through two groups of 
snow nozzles 117a and 11712 to create showers of snow 
within the enclosure 111. Each group may include 
three or more snow nozzles, and the group of nozzles 
117a are directed toward the advancing material 113 
while the group of nozzles 1l7b are pointed in the gen 
eral direction of travel of the material. Additional snow 
nozzles (not shown) may be provided near the entrance 
114 to the enclosure if desired for handling a particular 
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2 
product. Ef?cient deposition of snow is accomplished 
lzxaaaaéireliquisi C01 ,sgaelissi atiairtxhisamss, . 
sure. Baffles or chutes 119 are used to assure that the 
QQZSEOW from both of the grorllis of snow nozzles 117_ 
is directed downward to the material being cooled. The 
snow nozzle operation is adjusted to assure that there 
is. Cqjaaqrszsitiaafrgm 129th the 99252911139295 
exit 116 of the enclosure 111 to prevent the entry of 
humidity-bearing ambient air. 
The snow which falls to the bottom of the enclosure 

111 comes to rest upon a lower, hollow heat-exchange 
plate 123 located in the region below the snow nozzles 
l 17. The cooling capacity of this snow is recovered and 
is employed to precool the high pressure liquid carbon 
dioxide ?owing toward the nozzles 117, thereby in 
creasing the percentage of snow created at the expan 
sion nozzles while obviating a potential problem of ex 
cessive snow build-up as a result of extended duration 
of operation. Temperature control within the enclosure 
111 is maintained by appropriately reading the temper 
ature therewithin and changing the effective area of the 
ori?ces within the snow nozzles 117 to either increase 
or decrease the amount of snow created, as explained 
hereinafter in detail. As a result, the illustrated system 
110, which is designed to operate as a freezer, provides 
fast, efficient freezing of material 113 and is well 
adapted to handle a fairly high capacity of material 
?ow therethrough. 
More speci?cally, a standard carbon dioxide liquid 

storage vessel 125 is employed which is designed for 
the storage of liquid carbon dioxide at about 300 psig. 
and 0°F. An accompanying refrigeration unit 127, such 
as a freon condenser, is associated with the storage ves 
sel 125 and is designed to operate continuously, if nec 
essary, to condense carbon dioxide vapor in the vessel 
and maintain a temperature close to 0°F. The capacity 
of the refrigeration unit 127, which is a well known de 
vice often used for this purpose, is determined by the 
operating conditions of the overall installation. It may, 
for example, be designed to condense about 50 pounds 
of liquid carbon dioxide an hour at about 300 psig., 
which thus provides a condensation capacity of some 
1200 pounds of carbon dioxide per day. 
A line 129 connects the liquid phase of the storage 

vessel to one side of a heat-exchanger 131. Depending 
upon the distance between the storage vessel 125 and 
the point of end use, it may be desirable to include a 
suitable pump (not shown) to provide hydraulic head 
for creating a circulation ?ow of high pressure liquid 
C02 throughout the system and back to the storage ves 
sel 125. 
The heat-exchanger 131 subcools the high pressure 

liquid 092 lsavias. tbcstorase 198x125. in? mains; 
described more fully hereinafter. By subcooling the 
high pressure liquid, a greater percentage of liquid ‘CO7; 
is transformed into snow at the expansion snow nozzles 
117. If desired, even more ef?cient snow-making is car 
.ufsslquthy further subcgqlinatheliaLQgz by placing 
an additional heat-exchange unit 132 in thedhie 133 ‘Y 
leaving the heat-exchanger 131. The heat-exchange 
_unit 132 splits a portion of the liquid CO2 from the main 
flow in the line 133 and expands it into the shell s?ew 
of the heat-exchanger to provide a pool of low temper 
ature liquid and vapor; the vapor is withdrawn com 
pressed, cooled and returned to the storage vessel 125 
through a suitable line (not shown). The temperature 
of the main stream of liquid C02 may be reduced to as 
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low as about —50° or —60°F. This subcooled liquid car 
bon dioxide exits from the heat-exchange unit 132 and 
flows through a line 134 to a tee connection 135. A pair 

' of lines 137a and 137b are connected to the tee 13S, 
and each contains a pressure regulating valve 139a and 
13%. On the downstream side of the pressure regulat 
ing valves, additional tee connections 141a and 141!) 
are provided, one leg of each of which leads to a mani 
fold 142a, 142b which supplies the respective: group of 
snow nozzles 1170, 11711. As indicated above, each 
manifold 142 supports a plurality of nozzles 117 spaced 
across the width of the enclosure 111 so that a rela 
tively uniform snow pattern is deposited across the en 
tire width of a conveyor belt. 
Connected to the other legs of the tees 141a and 

1411: are a pair of vapor lines 143a, 143b which are 
joined to a common line 145 leading back to the vapor 
section of the storage vessel 125. Check valves 147a 
and l47b are disposed in the lines 143a and 143b to 
allow flow only out of the vessel and through the lines 
to the tees 141 and prevent ?ow in the opposite direc 
tion. Both of the lines 143a and 143!) also contain pres 
sure regulators 146a and 146b. The purpose of the 
vapor lines 143a,143b is explained in detail hereinafter. 

-The enclosure 111 is constructed so that the con 
veyor 115 carrying the material 113 to be cooled or 
frozen passes generally centrally therethrough. The 
snow nozzles 117 are located near the top of the enclo 
sure 111 and are preferably positioned to direct show 
ers of snow. downward and at an angle to the conveyor. 
The nozzles 117 are constructed so as to open only 
when the liquid carbon dioxide being supplied to the 
manifold reaches a certain minimum pressure, the en 
closure 111 being at substantially atmospheric pres 
sure. The speci?c construction of the nozzles 117 is ex 
plained in detail hereinafter. Generally, the higher the 
pressure at which the nozzles 117 are operated, the 
finer are the particles of snow which are created, and 
fine snow may be preferred when cooling certain mate 
rial. 
Although ancillary blowers might be positioned 

within the enclosure so as to increase the circulation 
therewithin, satisfactory performance is obtained with 
out the use of such blowers, thus removing a possible 
maintenance problem from the apparatus. Moreover, 
pivotable baffles or dampers (not shown) might be lo 
cated generally adjacent each group of snow nozzles 
117 to aid in directing gas flow; however such dampers 
are not generally considered necessary. Preferably the 
vapor ?ow pattern created during normal operationis 
such as to havea moderate leakage of CO3 vapor out 
the discharge o'r'eititwend 116 of the-enclosure, whiTe" 
the major portion of the vapor escapes from the en 
trance end 114 of the enclosure and thus carries out 
some pre-chilling of the material 113 before it reaches 
the snow section of the apparatus. As earlier indicated, 
if desired for certain applications, a pre-snowing may 
also be effected adjacent the entrance 114 by adding an 
additional group of snow nozzles which will deposit an 
initial thin coating of snow upon the material entering 
the enclosure 111. 
No matter how efficient the design may be for depos 

iting the snow on top of the material 113 passing along 
the conveyor belt, it must be realized that some snow 
will fall past the belt and reach the bottom of the enclo 
sure 111. The hollow heat-exchange plate 123 is pro 
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4 
vided in the snowing region of the enclosure to handle 
this snow. A suitable heat-exchange ?uid, such as a 
Freon, is provided in the hollow plate 123 and the asso 
ciated heat-exchanger 131 so as to recover the cooling 
capacity of this snow and to prevent excessive build-up 
of snow at the bottom of the insulated enclosure 111. 
Sufficient circulation of the heat-exchange liquid 
through the hollow plate 123 and through a coil within 
the heat-exchanger 131 is accomplished through natu 
ral convection so a circulating pump is not needed. 
Moreover, a freon can be chosen which boils below the 
temperature of the liquid CO3 “entering the ‘heat-V 
exchanger 131 to further promote circulation. A sole; 
noid operated shut-off valve 149 is provided in the line 
leading from the hollow plate 123 to the heat 
exchanger 131. The solenoid valve 149 is connected to 
a control mechanism 151 which may be a part of an 
other controller 153 for regulating the pressure 
regvulating valves 139 supplyiirgthe liquid CO2 to the 
snow nozzles. The control mechanisin?151'is set‘to' 
close the solenoid shut-0E valve 149 at anytime’ when 
liquid CO2 is not being supplied to the snow nozzles 
1.11- Qpsratiqn in this manna! met/ems (11¢ “@5191 Q0; 
within the heat-exchanger 131 from turning solid-The 
construction of the heat-exchanger 131 has a central 
vertical tube through which the high pressure liquid 
CQ2 ,?ows, with the,c0i1. whsrein the freon .sirsulstss, 
surrounding the tube and the assembly being potted in 
aluminum or some other good heat-conducting mate 
rial. Consequently, with the valve 149 closed there is 
not sufficient cooling capacity in the residual freon in 
the Coil to freeze liquidCQg-AternssratumssnsorlSé. 
may be provided in the line 133 adjacent the exit from 
the heat-exchanger 131 and connected to the control 
mechanism 151 to close the valve 149 if the tempera 
ture of high pressure liquid ?owing through the line 
133 nears the freezing point. Such a temperature sen 
sor 154 would be provided if automatic shut-off of the 
Supply of liquid (30,: is notisshided orif an installation 
had a unit similar to the heat-exchange unit 132 already 
located adjacent the storage vessel 125 so that the liq 
uisi CQZ entering. the hsatiesqhaaserlél wpsldhs at a 
lower temperature. 
Control of the snow-making operation is facilitated 

greatly by employing snow nozzles 117 which have 
variable orifices. By increasing the effective area of the 
ori?ce, a significantly larger quantity of liquid will be 
flashed to snow and vapor than if only the pressure of 
the feed liquid were changed. Conversely, by decreas 
ing the effective area of the ori?ce, the amount of snow 
which is created is quickly decreased. A suitable tem 
perature sensor 161 is appropriately located within the 
insulated enclosure 111 to monitor the vapor tempera 
ture therewith and control the amount of snow created. 
if the temperature drops below the desired level, the 
effective area of the ori?ces in the snow nozzles 117 
are decreased in order to reduce the amount of snow 
which is being created. On the other hand, if the vapor 
temperature within the enclosure 111 rises above the 
desired value, the effective ori?ce area is increased in 
order to create more snow. 

in the illustrated embodiment, the snow nozzles 117 
are constructed so that the effective area of the ori?ce 
changes as a direct result of the change in the liquid 
pressure on the feed side of the ori?ce. This feed pres 
sure is regulated by the pressure-regulating valves 139a 
and 13% which are operated by the control mechanism 
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153 that responds to the temperature sensed in the en 
closure 111 by the sensor 161. All of the nozzles, for 
example the nozzles 117a, attached to one manifold are 
set to open at the same pressure.- However, the two 
groups of nozzles 117a and 1171) may be set to open at 
different pressures, if desired, for regulation of snow 
deposition. When the control mechanism 153 causes 
the valves 139a, 13% to apply liquid CO2 pressure 
to the manifolds above the preset pressure, snowing 
begins; and further increases in the liquid pressure in 
the manifolds (and thus at each of the snow nozzles 
117) causes the intensity of the snowing to increase. 
Increase in liquid CO2 pressure coupled with change 
in effective ori?ce size results in fast and substantial 
changes in the amount of snow that is created in the 
enclosure 111. 

6 
The illustrated nozzle design not only provides excel 

' lent regulation of the flow rate of liquid CO2 through 

15 

As indicated above, the liquid C02 pressure on the ' 
feed side of the nozzles 117 is employed to effect the 
desired regulation of the ori?ce openings although 
other more sophisticated mechanism might be used. 
One form of suitable nozzle design is shown in FIG. 2. 
The individual nozzles 117 each have a housing 179 
which has a circular ori?ce 181 formed inv its lower 
wall. The housing 179 is supported from and rigidly 
connected to the liquid supply manifold by a side cou 
pling 183. The sidewall of the housing 179 provides a 
hollow chamber above the ori?ce 181 which is circular 
in cross section. The upper end of the housing 179 is 
open to provide an opening through which a cylindrical 
plug 185 extends. The plug 185 has a suitable bottom 
end proportioned to close the ori?ce 181. 
The upper end of the plug 185 is disposed in a sup 

port cap 187 which is connected via a bellows 189 to 
the upper portion of the housing 179. A tension spring 
191, which has its upper end surrounding a seat pro 
vided on the support cap 187 and its lower end sur 
rounding a seat provided on the upper end of the hous 
ing 179, biases the support cap toward the housing thus 
seating the lower end of the plug 185 in the ori?ce 181. 
The tension spring 191 is wound with a pre-load to pre 
vent any relative movement between the plug 185 and 
the ori?ce 181 until a certain minimum pressure is 
reached. 

in the illustrated embodiment, connection between 
the plug 185 and the support cap 187 is made adjust 
able by providing a threaded hole in the support cap 
187 and providing mating threads on the exterior sur 
face of a collar 193 keyed to the upper portion of the 
plug. Connection in this manner facilitates simple ad~ 
justment of the pressure at which the nozzle 117 will 
initially open. For example, by slotting the upper end 
of the plug 185, it can be rotated relative to the support 
cap 187 by a screwdriver and thus increase or decrease 
the tension on the pre-loaded spring 191 which biases 
the plug into seating position to close the ori?ce 181. 
Thus, the nozzles 117 will remain closed until the pres 
sure in the hollow interior of the housing 179 and bel 
lows 189 is suf?cient to overcome the biasing of the 
spring 191. When this occurs, the support cap 187 
moves slightly away from the housing 179, extending 
the bellows 189 and raising the plug so as to provide an 
annular opening between the perimeter of the ori?ce 
181 and the bottom surface of the plug 185. The dis 
tance which the plug 185 moves away from the ori?ce 
181 is dependent upon the amount of pressure in the 
manifold, which pressure, as was previously indicated, 
is regulated by the valves 139. 
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the nozzles, but it also prevents clogging of the nozzles 
because it assures that there is no substantial build-up 
of solid CO2 on the feed side of the ori?ce 181 during 
normal operations. For example, if some ancillary valve 
were used to shut off the flow of liquid CO2 to a ?xed 
ori?ce when it was desired to halt snow-making, the liq 
uid in the manifold 142 and in the nozzles would 
change to solid CO2 in situ when-the pressure reached 
a certain level. However, in the present situation 
wherein the apparatus is operated as a freezer, if the 
nozzles 117 are set to close the ori?ces 181 at about 
150 p.s.i.g., for example, the high pressure liquid re 
maining in the manifold 142 may freeze if it gives up 
sufficient heat to the cold environment within the 
freezer‘ enclosure 111 before snowing operation is 
again begun. The injection of CO2 vapor supplied 
through the lines 143a and 143b is used to obviate such 
an occurrence. I 

Carbon dioxide vapor at a pressure ‘of approximately 
300 p.s.i.g. is available in the storage vessel 125. This 
vapor pressure is transmitted via the line 145 and is al 
ways available at the check valves 147a and 1471) in the 

' lines 143a and 1431;, may be set to supply CO2 vapor to 
The pressure regulators 146a and 146b, disposed in the 
lines 143a and 143b, may be set to supply C02 vapor to 
the manifolds 142 at a pressure just a few pounds above 
that at which the nozzles 117 are set to close. Inasmuch 
as this vapor pressure will be well below the normal liq 
uid pressure being supplied when expansion of high 
pressure liquid for the creation of snow is occurring, 
there will be no ?ow through the lines 143 because the 
check valves 147 will be held closed by the higher liq 
uid pressure at the tees 141. However, when the con 
trol mechanism 153 actuates the pressure-regulating 
valves 139 to decrease the liquid CO2 pressure prepa 
ratory to halting snow-making by lowering the liquid 
CO2 pressure below the predetermined minimum 
pressure at which the nozzles are set to close, the 
flow of vapor through the lines 143a and 143b becomes 
important. 
As soon as the liquid pressure at the tees 141 drops 

below the vapor pressure supplied by the pressure 
regulators 146, the check valves 147 will open thus ei 
ther preventing the ori?ces 181 from being closed or 
immediately reopening them. The vapor will ?ush the 
liquid CO2 remaining in the manifolds 142 and the noz 
zles 117‘ out of the conduit network while maintaining 
relatively high pressure on any liquid CO2 trapped ad 
jacent the downstream side of the pressure-regulating 
valves 139 which may be closed completely. Moreover, 
by maintaining a very slow ?ow of vapor through the 
manifolds 142 and out the nozzles 117 until snow 
making is again called for by the control mechanism 
153, or until the apparatus is tobe shut down for a sub 
stantial length of'tifnefthe possibilitytliat'C'Oz vapor 
in the manifolds 142 may be condensed to form CO2 
snow is positively guarded against. 

If all of the nozzles 117a and ll7b are set to operate 
at the same pressure, then only a single vapor pressure 
regulator 146 need be provided at a location in the line 
145 before it branches. In the illustratedembodiment, 
separate pressure-regulators 146a and 14611 are pro 
vided so that the vapor supplied to each manifold 142 
can be adjusted separately to a value slightly above that 
at which the nozzles 117a and 117b are set. The vapor 
is usually supplied-at a pressure of about‘ 5 to about 15 
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p.s.i., preferably about l0 p.s.i-. greater than that at 
which the nozzles are set to close, although greater 
pressure can be used, so long as it is below the lowest 
pressure at which it will be desired to make snow. 7 
As an alternative to setting the vapor pressure 

regulators 146 to a value slightly above the preset mini 
mum pressure so as to cause the nozzles to remain 
slightly open, the same objective can be accomplished 
by providing a groove or depression in either the plug 
185 or the ori?ce 181 seat so as to prevent a complete 
seal and allow a very slight amount of ?uid passage 
when the nozzle is otherwise closed. With this arrange 
ment, the pressure-regulator 146 can be set at a lower 
pressure, for instance 75 p.s.i.g. In FIG. 2, a shallow 
groove 195 is indicated on the surface of the lower end 
of the plug 185 through which ?uid may pass when the 
plug 185 is seated in the ori?ce. Each pressure 
regulator 146 for the vapor is set slightly above the tri 
ple point pressure (preferably at at least about 80 
p.s.i.a.) and thus maintains substantially that pressure 
in the line 143 and the manifold 142, preventing the 
liquid CO2 from'turning solid. The liquidCOz will be 
slowly ?ushed out of the manifold through the grooves‘ 
195 by the vapotpressuts- After all Qfths .lisiyid?Qz. 
is ?ushed from the manifold, it is kept clear by main 
taining a_ slow flow of CO2 vapor therethrough. 
As a result of this arrangement,’ evenmif the environ 

ment of the insulated enclosure 111 wherein the noz 
zles 117 and their supporting manifolds 142 are dis 
posed remains at a very cold temperature, as would be 
the case in a freezing apparatus where some build-up 
of snow had occurred, the manifolds leading to the noz 
zles remain free and clear and the possible condensa 
tion of vapor to form solid CO2 is positively prevented. 
Accordingly, the vapor pressure system” is found to 
complement the illustrated snow nozzles which provide 
for ef?cient creation of CO2 snow and obviate any po 
tential problem of blockage during normal operation. 
If such a controlled passage of vapor through otherwise 
closed snow nozzles is used, the vapor pressure is set to 
inject suf?cient vapor into the enclosure to maintain a 
slow toward ?ow through the entrance 114 and the exit 
116 to prevent the in?ow of ambient air. 
When operation of the refrigeration system is ready, 

the conveyor drive motor is actuated and the tempera 
ture control by the sensor 161 is initiated. Snow 
making results, and snow which falls to the bottom of 
the enclosure onto the hollow plate 123 is caused to 
sublime by taking up heat from the heat-exchange ?uid 
circulated therethrough. This subcools the high pres 
sure CO2 being fed to the snow nozzles 117 and results 
in a more efficient expansion by transforming a greater 
percentage of the high pressure liquid to CO2 snow. 
Whenever, snow-making ceases, the residual high pres 
sure liquid in the manifolds 142 leading to the nozzles 
117 is removed by flushing with to vapor fed there 
into from the storage vessel 125. Thus, troublefree 
operation is obtained in the apparatus even though 
some unforeseen delay, for example, in the availability 
of the product to be cooled or frozen, causes the appa 
ratus to idle for a substantial period of time. 
Modi?cations to the illustrated embodiments as 

would be obvious to one having the ordinary skill in the 
art are considered as falling within the scope of the in 
vention which is de?ned by the claims appended 
hereto. For example, if the expense of automatic tem 
perature control is not considered justifiable for a par 
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8 
ticular installation, the temperature at an appropriate 
location in the enclosure 111 may be visually read and 
the pressure-regulating valves I39 manually adjusted to 
maintain the desired temperature. In such an instance 
a separate solenoid shut-off valve might be included in 
the lisviq 992 Supply line to whish the 13951 Causal 
valve 149 can be” interconnected, or reliance can be 
placed upon the sensor 154 in the exit line from the 
heat-exchanger 131. ' 

Furthermore, it is believed that certain features‘ of 
the invention are applicable to a system for cooling or 
freezing material where, instead of using snow nozzles 
117 that employ ori?ce means biased to the closed po 
sition such as shown in FIGS. 1 and 2, standard snow 
liowrns ale used for the expansion of the liquid C02. 
Shown in FIG. 3 is such an alternative?ernbodimen‘t'of 
a snow-making system which might be substituted for 
that shown in FIG. 1 or which might be employed in ap 
paratus of this general type for cooling material by the 
application of carbon dioxide snow. A standard snow 
horn 201 having a central ?xed-ori?ce nozzle 202 is 
connected to a conduit 203 which supplies high pres 
sure liquid carbon dioxide to the horn 201 for expan 
sion into .COl snow whisk. is divested. tbwswatdhxths 
horn onto the material being cooled. Although only a 
single snow horn 201 is shown, it should be understood 
that a plurality of snow horns could be used by inter 
connection to a common manifold. 
The ?ow of liquid carbon dioxide to the snow horn 

is controlled by a simple open-shut control valve 204 
(for example, a ball valve), which may be solenoid 
operated and thus controlled remotely via a line 205 
connected to a control mechanism 206, such as the 
temperature-operated mechanism 153 shown in FIG. 1. 
A tee 207 is connected into the liquid supply line 203, 
and a branch conduit 208 leads from the tee 207 to a 
check valve 209. A conduit 210 leading from the check 
valve is branched and one leg leads to an accumulator 
211 while the other leg leads to an open-shut control 
valve 212. A conduit 213 at the inlet side of the control 
valve .212, leads to, 1}. soars? Of 90;. vapqualsh @5219. 
liquid carbon dioxide storage vessel 125 shown in FIG. 
1. The valve 212 is connected by a line 214 to the con 
trol mechanism 206 used for stopping and starting the 
8.119211 of .liélllid. CQz. tqthswow 129m . 
When it is desired to deposit snow onto material to 

be cooled which is located or being conveyed below the 
snow horn 201, the control mechanism 206 actuates 
the control valve 204, causing it to open and connect 
the conduit 203 to the source of high pressure liquid 
CO2‘, thus supplying liquid CO2 to the snow horn 201, 
Expansion of the high pressure liquid through the fixed 
ori?ce noule 202' creates snow and vapor, and the 
horn directs the snow downward against the material 
being cooled. At the same time as the control mecha 
nism 206 opens the valve 204, it simultaneously opens 
the valve 212.! thtlsiatetspnnsctinathe some of C02 
vapor and the accumulator 211 wherebyritwwill be filled 
to its capacity. A pressure-regulator 215 is included in 
the CO2 vapor supply line so that the vapor pressure 
can be set to be less than the pressure of the high 
Pressure liquid C02 in thssqnquitzqi-m 1, . 
Accordingly, whenever the valves 204 and 212 are 

bothvopen, CO2 vapor pressure will be available at the 
check valve 209 but the checlcvalvew'illbe' held'shut 

' by the higher CO2 liquid pressure in the conduit 203. 
However, the instant that the valve 204-is closed,’ the 
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check valve 209 immediatelyopens, causing CO2 vapor 
to ?ow through the line 208, through the tee 207 and 
out the ori?ce 202 in the snow horn. ln the illustrated 
embodiment in FIG. 3, the valve 212 closes at the same 
time as the valve 204, and the accumulator 211 holds 
a su?'icient amount of CO2 vapor to assure that it will 
cause all of the liquid CO.» on the downstream side of 
the valve 204 to be drained and flushed from the 601i‘ 
duit 203. As an alternative to the inclusion of the accu 
mulator 21 l, a time-delay circuit could be built into the 
controller 206 and thus simply leave the valve 212 
open after the closing of the valve 204 for a sufficient 
duration of time to similarly assure that all of the liquid 
CO2 downstream of the valve 204 is drained and 
flushed from the conduit 203 by the ?ow of CO2 
vapor. 
The system illustrated provides troublefree operation 

because of the immediate availability of the CO2 flush 
ing vapor at the check valve 209 so that the instant the 
liquid_CO2 in the conduit203 between the valve #204 
and the horn 201 begins to re?ect the drop in pressure 
by the closing of the valve 204, the check valve 209 
opens to apply vapor pressure to maintain pressure on 
the liquid CO2 and to expel it before it has the oppor 
tunity to be transformed to solid C02. The pressure 
regulator 215 is desirably set to supply CO2 vapor at a 
pressure well above the critical value (about 75 p.s.i.a.) 
below which solid transformation occurs, and prefera 
bly the CO2 vapor pressure at the check valve 209 is 
maintained at between about 10 and’about 50 p.s.i. 
below the pressure at_which the CO2 snow horn20rl is 
operated. As a result, an ef?cient, troublefree system 
is provided which utilizes standard snow horns to de 
posit CO2 snowron the material bein_g cooled. 
Various of the features of the invention are set forth 

in the following claims. 
What is claimed is: I 
l. A’ method for cooling material using carbon diox 

ide, which method comprises supplying high pressure 
liquid C02 through a line which leads to snow nozzle 
means having ori?ce means biased to a closed position 
@112,.smrmsaiibimmsursliauuiQgzthrsmh. 
the ori?ce means in the snow nozzle means to create 
CO2 snow and applying said CO2 snow to the material 
being cooled, halting said creation of CO2 snow by re 
ducing the pressure of said high pressure liquid CO; 
being supplied to the snow nozzle means below that 
pressure at which the orifice means is biased to close, 
and automatically applying CO2 vapor to the snow 
nozzle means upon said reduction in liquid pressure 
and maintaining CO2 vapor ?ow through the ori?ce 

> means. 

2. A method in accordance with claim 1 wherein said‘ 
C02 vapor is applied at a pressure of at least about 80 
p.s.i.a. , 

3. A method in accordance with claim 1 wherein the 
supply of liquid CO2 is halted by closing valve means 
in the line leading to the snow nozzle means and said 
CO2 vapor is immediately applied to the line between 
the valve means and the ori?ce means before the 
pressure therein can drop to about 75 p.s.i.a. to flush 
liquid CO2 therefrom. 

4. A method in accordance with claim 1 wherein the 
' snow nozzle means is mounted within means de?ning 

an enclosure, wherein the material being cooled is 
moved through the enclosure and wherein CO2 vapor 
is caused to flow through the ori?ce means into the en 
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10 
closure in an amount sufficient to preclude the entry of 
ambient air into the enclosure. 

5. Apparatus for cooling material using CO2 snow, 
which apparatus comprises snow nozzlei?eahs‘having 
an Orifice thtquah which high PI¢$5UI¢ liquid C02 is ex 
panded to create CO; snowandvzgaor, said snow_ nozzle 
means having plug means which is biased to physically 
close said ori?ce when the pressure of liquid CO2 at 
said snow nozzle means drops to a predetermined mini 
mum value, means locating said snow nozzle means 
within an insulated enclosure into which material to be 
cooled is supplied by conveying means so the CO2 snow 
created is deposited upon the material being cooled, 
?rst conduit means for connecting said snow nozzle 
rneans to a source of high pressure liquid CQgL?rst 
valve means disposed in said conduit means effective to 
i§qlats§?iqilow nqazlsmsansfrom Said liquid c0. 
source, means for operating said ?rst rvalvewmeansmto' 
halt the creation of CO2 snow, second conduit means 
iogconnecting a source of CO2 vapor to said first con_-_ 
duit means at a location between said ?rst valve means 
and said ori?ce, and check valve means in said second 
conduit means for automatically and immediately sup 
plying CO2 vapor to said ?rst conduit'means between“ 
said ?r's't'valve means and said ori?ce upon halting of 
CO2 snow creation to remove liquid CO2 therefrom by 
flushing with CO2 vapor. 

6. Apparatus in accordance with claim 5 wherein said" 
second conduit means contains pressure-regulator 
means set to supply CO2 vapor at a pressure above 
said predetermined minimum pressure but below the 
lowest pressure at which liquid CO2 will be supplied 
to said nozzle means during snow-making. 

7. Apparatus inaccordance withiclaim's'wh'erein saidv 
ori?ce-plug means combination does not seal com~ 
pletely and permits a slow passage of CO2 through 
saii?flcsyleu giielvsmeansis in elgsed nositiqn. 

8. Apparatus in accordance with claim 5 wherein said 
snow nozzle means is mounted within means de?ning 
an enclosure for cooling the material, wherein means 
is provided for moving the material to be cooled 
through said enclosure and wherein pressure-regulator 
means connected to said second conduit means 
supplies CO2 vapor at pressure to introduce a suf? 
cient amount of CO2 vapor into said enclosure to 
preclude the entry of ambient air into said enclosure. 

9. Apparatus in accordance with claim 8 wherein 
means is provided for sensing the temperature within 
said enclosure, wherein said ?rst valve means is a pres 
sure regulating valve, and wherein control means is 
provided connecting said sensing means and said first 
valve means for changing the pressure of the liquid 
CO2 supplied to said snow nozzle means in response 
to the temperature sensed within said enclosure. r 

10. Apparatus in accordance with claim 5 wherein 
said second conduit means supplies CO2 vapor at a 
pressure ofat least about 80 p.s.i.a. 

11. Apparatus in accordance with claim 10 wherein 
said second conduit means includes a gas accumulator 
for holding CO2 vapor, Said chi-{ck X3l¥§51¢§25 .beilig. 
disposed between said accumulator and said ?rst con 
duit means. _ 

12. Apparatus in accordance with claim 11 wherein 
said second conduit means includes second valve 
means between said accumulator and said source of 
CO2 vapor. and wherein control meansis providedfor 
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closing said ?rst and second valve means at the same 
time when it is desired to halt snow-making. 

13. Apparatus for cooling material using CO2 snow, 
which apparatus comprises snow nozzle means having 
an ori?ce through which high pressure liquid CO2 is ex 
panded to create CO2 snow and vapor, plug means for 
automatically closing said ori?ce to flow of CO2 
therethrough when the liquid CO2 pressure at said snow 
nozzle means reaches a predetermined minimum value, 
means locating said snow nozzle means so the CO2 
snow is deposited upon material being cooled, ?rst con 
duit means for connecting said snow nozzle means to 
a source of high pressure liquid CO2, ?rst valve means 
disposed in said conduit means effective to reduce the 
pressure of the high pressure liquid CO2 below said pre 
determined minimum pressure to thereby halt the cre 
ation of CO2 snow, second conduit means for connect 
ing a source of CO2 vapor to said snow nozzle means, 
and means for automatically supplying CO2 vapor to 
said snow nozzle means in ?uid communication with 
said ori?ce at the time of halting the CO2 snow cre 
ation. 

14. Apparatus in accordance with claim 13 wherein 
said snow-nozzle means is mounted within an insulated 
enclosure for cooling the material and wherein means 
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is provided for moving the material to be cooled 
through said enclosure. 

15. A method for cooling material using carbon diox 
ide, which method comprises supplying high pressure 
liquid CO1 through a line which leads to snow nozzle 
means having ori?ce means biased to a closed position 
and expanding said high pressure liquid CO2 through 
the ori?ce means in the snow nozzle means to create 
CO2 snow and applying said CO2 snow to the material 
being cooled and halting said creation of CO2 snow by 
applying a source of C02 vapor to the snow nozzle 
means at a pressure above the pressure at which the or 
i?ce means is biased to close and above the pressure at 
which said liquid CO2 is then being supplied to halt the 
?ow of liquid CO2 and to create a flow of CO2 vapor 
through the ori?ce means. 

16. A method in accordance with claim 15 wherein 
the pressure of said liquid CO2 being supplied to the 
snow nozzle means is reduced below a certain pressure 
at which CO2 vapor is continuously available so CO2 
vapor is automatically applied to the snow nozzle 
means at said certain pressure, said certain pressure 
being above the pressure at which said ori?ce means is 
biased to close. - 

. * * * * * 
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