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JR., a citizen of  be periods of heavy usage, followed by the United States
of America, of 145 Briar-  periods of much lower usage or periods wood
Avenue, Oak Brook, State of Illinois, where there is no need at all for
refrigera- United States of America, do hereby declare  tion. The
adaptation of cryogenic regrigera- 5 the invention, for which I pray that a
patent  tion systems to serve such systems to pro- 55 may be granted to me,
and the method by  vide a commercially attractive alternative which it is
to be performed, to be par-  to available systems existing today is
desired. ticularly described in and by the following    It is an object of
the present invention to statement: -                            provide a
carbon  dioxide cooling system 10
which can supply a relatively large quantity 60 The present invention
relates to carbon  of coolant capacity intermittently on an dioxide
refrigeration and more particularly  economically attractive basis. Another
ob- to systems for providing a relatively large  ject of the invention is
to provide an im- quantity of refrigeration on an intermittent proved
method for carbon dioxide cryogenic 15 basis with minimum expenditure of
carbon  freezing that is capable of handling inter- 65 dioxide.
mittent, relatively large batches of product There are many small and
intermittent on an efficient and economically attractive users of
freezing-equipment, particularly in  basis. A further object of the
invention is the food industry where food products are  to provide a carbon
dioxide cooling system 20 prepared in batches, and to preserve their  which
requires a relatively low capital ex- 70 taste, texture, visual appeal and
the like, penditure and has relatively low peak power these products should
be quickly frozen. and cryogen usage requirements, but which Such  food
processors include specialty  is capable of intermittently supplying a
bakers, caterers, commissaries and chefs in  large quantity of refrigeraton
when needed. 25 large restaurants and hotels, where prepara-  Still another
object is to provide a system  75 tion may take several hours and result in
a  which can provide cryogenic cooling with relatively large batch of
product which the  out expenditure of cryogen and which can processor will
then wish to quick-freeze at significantly reduce the capital cost because
one time. In general, mechanical freezers  it is capable of providing three
or more 30 are not economically suitable for such inter-  times as much
refrigeration capacity, com- 80 mittent, relatively large-scale,
fast-freezing  pared to a standard system  using com- operations, which
require a relatively low  pressors and condensers of similar size.
temperature environment, for  example,   These and other objects of the
invention -30[err]F.  or -40[err]F., because  a large capital will be
apparent from the following detailed 35 investment would be needed as well
as pro-  description of the preferred embodiments of 85 vision for a high
short-term power need. the invention when read in conjunction with
Cryogenic fast-freezing can be of significant the accompanying drawings
wherein: benefit  to such users, and examples of   FIGURE 1 is a
diagrammatic view of a cryogenic freezing units are set forth in my  carbon
dioxide cooling system  embodying 40. prior U.S. Patents Nos. 3,660,985,
3,672,181, various features of the invention;  90 3,754,407 and 3,815,377.
However, hereto-  FIGURE 2 is a fragmentary view of an fore,  cryogenic
freezing systems have gener-  alternative arrangement for a portion  of
ally accommodated such an intermittent the system illustrated in FIG. 1;
high-level requirement by the expenditure of    FIGURE 3 is a view similar
to FIGURE 45 a substantial amount of cryogen, and this  2 of still another
alternative arrangement 95 fact has diminished the attractiveness of  of a
portion of the system; cryogenic freezing for such potential users.
FIGURE-4 is a view similar to FIGURE In addition to the foregoing, there
are  1 of yet another alternative embodiment; many  other situations
requiring  refrigeration  and a generally cyclic basis where there will
FURE 5 is a view of another carbon 100    1,542,559
2 dioxide cooling system embodying various  for utilization of the liquid
carbon dioxide. 



features of the invention.               A typical condenser for an
installation of Very generally, it has been found that an  this type may be
rated to condense about arrangement can be provided for supplying  fifty
pounds of carbon dioxide vapor  an 5 a relatively large amount of
refrigeration at hour at 300 p.s.i.g.                    70 cryogenic
temperature on an intermittent    A liquid line 14 extends from the bottom
basis, by establishing a low-temperature  of the storage vessel 10 to an
upper portion coolant reservoir of carbon dioxide slush  of a chamber or
holding tank 16 via a or snow. This reservoir can be economic-  remotely
operable valve 18. If desirable 10  ally created during a time period when
there  because of the length of piping run from the 75 is low usage or at
night or during other  storage vessel, a pump (not shown) may be "off"
periods. Accordingly, the build-up of included in the liquid line. 14. A
branch refrigeration capacity in the reservoir can  line 20 is connected to
the liquid line 14, be accomplished relatively slowly, requiring  and it
enters at a lower location on the tank 15 only fairly low power demands and
requir-  16 via a remote-controlled valve 22 and a 80 ing relatively  small
capacity equipment. pressure regulator. 24. The pressure regu- Thus,
relatively large reservoir of carbon  lator assures that the pressure in
the line does dioxide slush or snow can be created using  not drop about 80
p.s.i.a. only a relatively small compressor and con-    A vapor line 26
extends from the upper 20  denser to recover the vapor so long as there
portion of the tank 16 to the intake side of a 85 is a sufficient length of
time for the com-  compressor 28.  Connected in the vapor pressor and
condenser to operate.        line 26  are a remotely-operable valve 30 When
the need for refrigeration arises, and an accumulator 32, which are used
for cold liquid carbon dioxide can be supplied  a purpose to be explained
hereinafter. A 25  at the necessary rate, while taking advantage  line 34
extends from the discharge of the 90 of the immediate availability of
cooling  compressor 28 to a location near the bottom capacity of the
low-temperature reservoir to  of the interior of the storage-vessel 10 so
assist the compressor in recovering the  that the warmed, high pressure gas
is bubbled vapor that will be generated. The latent into the liquid carbon
dioxide in the storage 30 heat absorption capacity of the solid CO[err]
vessel. In this manner, the  body of liquid  95 is available for cooling,
either directly or  carbon dioxide acts as a thermal flywheel or indirectly
by condensing CO[err], vapor. As a  "de-superheater", and the Freon
refrigera- result, sufficient cooling capacity can be  tion unit 12 is
utilized to carry out the re- stored in the reservoir to effect, for
example, liquification of the high pressure vapor. 35  fast freezing of a
large amount of product   The  holding tank 16 is equipped with a 100 in a
relatively short period of time while  liquid  level control 36  which is
electrically recovering the vaporized cryogen  for reuse. linked to a
remote control panel 38. Once When a period of peak use is followed by  the
desired liquid level within the-tank 16 one of no or only low usage,
operation of a  is reached, the control circuitry operates to 40
relatively low capacity compressor is effec- cause the valve 18 to close.
The. compressor 105 tive to regenerate the low temperature cool- 28 can
run, if desired, during filling to re- ant reservoir for another freezing
cycle. The  move vapor from   the tank 16  in order to sizing of
reservoirs, compressors  and con-  reduce the pressure of the liquid
CO[err] from densers is arranged as desired for different the initial high
pressure at which it was sup- 45  cycles, and more than a single unit may
be  plied from the storage tank (e.g., 300 p.s.i.g.) 110 employed in a
system  when design con- to at least as low as about 75 p.s.i.a. (the
ditions so dictate.                      triple point of. CO[err]) and
preferably  to below. One arrangement for providing inter-  about  70
p.s.i.a.. Lowering the pressure mittent cooling to a specialty  food
service  results in vaporization, cooling  the un- 50  operation or the
like, which embodies cer- vaporized liquid CO[err], and dropping the
115 tain features of  the invention, is depicted  temperature of the liquid
carbon dioxide in FIGURE 1. A standard carbon dioxide  in the  holding
tank. liquid storage vessel 10 is employed which    The liquid level within
the holding tank is designed for the storage of liquid carbon  16 of course
continuously decreases a result 55  dioxide at about 300 p.s.i.g., at which
pres-  of the vaporization that ocurs,  and if it 120 sure it will have an
equilibrium temperature  reaches a lower level as set by the con- of about
0[err]F. A refrigeration unit 12, such  troller 36, a signal to the control
system 38 as a Freon  (Registered Trade Mark) con-  would cause the valve
18 to open and supply denser; is associated with the storage vessel
additional liquid CO[err] from the storage tank 60  10 and is designed to
operate as needed to  to 10 into the taik  through the upper line. 14 125
condense  carbon  dioxide vapor in the vessel  so long as the pressure  in
the tank as to liquid.  The Freon condenser is a stand-  measured by a
monitor 44  is  above the ard  item, and one is employed with a suffi-
preset value, eg., 75 p.s.i.a. Some  of the cient condensation capacity to
match the  liquid  being supplied  will immediately 65  size  of the tank
and  the intended   operation  vaporize, subcooling the remainder, and fill
130.  



3                                          1,542,559 ing  continues until
the desired liquid level  region of the valve 22. By filling the tank is
reached.                                 16 via the bottom line 20, there
is no need When  the  temperature reaches about  to interrupt the slushing
process. -69F., (the triple point of CO,) solid CO[err]     The repetition
of these operations builds 5  begins to form  as vaporization continues,
up a low-temperature reservoir of carbon  70 In actuality a layer of solid
CO[err] is formed  dioxide slush coolant in the tank 16 which near the
surface of the liquid in the  tank;  is then available for cooling or
freezing needs. however, the density of  solid CO[err] is greater  Ideally,
the system is sized so that the region than that of liquid interrupting
CO[err] it has a tendency  of the tank above the screen 42 becomes 10  to
sink. By interrupting the suction which  substantially filled with slush to
the desired  75 the compressor is exerting on  the  tank,  level during the
rest period when the user is vaporization  is momentarily halted, and
preparing the food products to be frozen. such a pause allows the solid
CO[err] layer  If there should be some delay in the pre- to sink below the
surface. Resumption of  paration of the products, the control system 15
the suction by the compressor 28 then results  38 is designed to detect the
conditions indi- 80 in the formation of another solid layer, and  cating
achievement of  the desired level of subsequent interruption allows this
layer to  slush and halt the operation of the com- sink. Such  repeated
sucking and  inter-  pressor before the entire reservoir is trans- rupting
causes a reservoir of slush to be  formed to solid CO[err].  One set of
conditions 20  built up within the holding tank 16.          which might be
so indicative would be moni-  85 Although the compressor 28 could be
toring a temperature  of   about - 70[err]F. stopped and started to create
these inter-  while the liquid level shows a substantially ruptions, only a
momentary interruption, for  full condition; under these conditions when
example, about fifteen seconds is needed;  the pressure within the tank
as read by the 25  and this can be more expediently accom-  monitor 44,
also decreases below about 70  90 plished by closing the valve 30 in the
vapor  p.s.i.a., it is an indication of formation of a line and allowing
the compressor to suck on  fairly thick solid CO[err] layer at the top of
the the emtpy chamber 32 which thus serves as  reservoir, in  which
instance vaporization a suction accumulator. Accordingly, the  should be
halted by  shutting down the com- 30  control system is set so as to begin
these  pressor.                                       95 interruptions
after  a predetermined tempera-    Once the low-temperature reservoir has
ture or pressure is reached  in the reservoir  been established, use can be
made of it in within the tank, as monitored by a tempera-  several
different ways in effecting the freez- ture sensor 40 or the pressure gauge
and  ing of the product, depending upon the 35  monitor 44, but of course
the actual times  choice of system the customer or user selects. 100 would
be dependent upon the size of the  Several alternatives, are illustrated
and des- compressor and of the slush tank. For ex-. cribed hereinafter.  In
the embodiment illus- ample, once about -69[err]F. or  75 p.s.i.a. is-
trated in FIGURE  1  a refrigeration en- reached, which is indicative that
solid CO[err] closure  is provided in the form of a  freezer 40   is
reginning to be formed, the control system   cabinet 50 having   a  pair of
outwardly 105 38 interrupts the suction of the compressor  swinging
insulated  front doors 52. The on the holding tank by closing the valve 30
cabinet 50 has a layer of thermal insulation, for about fifteen seconds
after every three  for example, polyurethane foam, lining the or four
minutes of operation. This action  interior of rear and side walls and the
top 45  results in the repeated formation of relatively  and bottom, and it
is provided with inner 110 thin layers of solid CO[err] which repeatedly
liner 54 that defines the enclosure wherein sink down in the holding tank
16 until reach-  the product is placed that is to be frozen. ing the level
of a screen 42, which is located    'The liner 54 has a plurality  of hori-
a  slight distance above the tank bottom.  zontally extending exit slots 56
in one wall 50    Once slush-making has begun so that the  and a  plurality
of vertically extending en- 115 compressor is maintaining the pressure be-
trance slots 58 in the opposite wall through low 75 p.s.i.a., and the lower
level of liquid  which a circulation of gas can be effected. in the-tank is
reached so that the level con-  The  liner 54 is  appropriately spaced from
troller 36 calls for more liquid the control  the insulated side walls and
top walls of the 55  system  38 may be set so as to allow  no  cabinet 50
so as to provide a plenum cham-  120 further liquid   input  or  a limited
further  ber or passageway system  through which a amount. If it is decided
to supply further flow of air or gas can be continuously cir- liquid
CO[err], the  valve 22 leading  to the  culated  by a fan or blower 60
which is branch line  20 is opened to  fill the tank  driven, by an
electric motor 62 mounted 60  from  the  bottom   and assure good mixing
atop. the cabinet. The illustrated enclosure l25 of the warmer liquid
occurs.  The liquid  is designed  to  accommodate  a  pair of CO[err]
entering the tank through the branch  wheeled carts 64 carrying racks of
food 



line 20 passes through the pressure regu-  products which have just been
prepared and 1ator 24,  the purpose of which  is to prevent  are ready for
quick freezing. The control 65 any  solid  CO[err]    formation  upstream
in  the  panel 38 is conveniently located in a box   130    4
1,542,559            4 mounted on the side of the refrigerator  70 begin to
run.  In this manner, the com- cabinet 50.
pressor 28 will be working to continue to Cooling of the enclosure within
the con-  create additional low  temperature liquid fines of the insulated
outer walls is effected  CO[err] while  refrigeration is being carried out
5  by an extended surface heat exchanger 66  within the cabinet 50. Should
the product 70 that is located between the insulated top of  itself be at
all susceptible to flavor deteriora- the cabinet and the upper wall of the
liner. tion by oxidation or should even faster freez- The blower 60 causes
the atmosphere with-  ing be desired, a vapor connection between in the
enclosure  to be drawn outward through  the cabinet 50 and the storage
vessel 10 is 10 the horizontal exit slots 56 up to the fan,  made via a
line 76. In this  situation, before 75 whence it is pushed through the
extended  the control  system  actuates the  blower surface  of a heat
exchanger 66, where it is  motor 62, a valve 78 in the line 76 is auto-
cooled,then down through the passageway  matically opened to flood the
enclosure with outside the opposite wall returning to the  carbon dioxide
vapor which substantially dis- 15 enclosure via the vertical slots 58 and
finally  places the air therefrom. The freezing pro- 80 horizontally aeross
the refrigeration en-  cess is then carried out using the denser closure,
thereby cooling the food products  (compared to air) carbon. dioxide vapor
carried by the carts.                     which has  excellent heat
capacity charac- In the embodiment shown in FIGURE 1, teristics, as well as
preventing flavor de- 20  low  temperature liquid CO[err] is withdrawn
terioration. Should the special effects of 85 from the bottom of the
holding tank 16 and  another gas be desired, it could be intro- pumped by a
suitable pump 70 through the  duced into the enclosure instead of the
CO[err] heat exchanger 66 via a thermally insulated  vapor. line 72. After
flowing throughout the length    The  system  is  designed  to  provide 25
of the  tubing which constitutes the liquid  cryogenic freezing
temperatures under con- 90 side of the  heat exchanger, it exits the re-
ditions which allow  recovery of substantially frigeration cabinet  50 via
insulated line 74  all of the carbon dioxide vapor, while at the and is
returned to the tank at a location just same time requiring only minimal
capital below the screen 42. As a result, the -60[err]F.  requirements
because use is made of both 30  to -70F. liquid CO[err] being pumped
through  a relatively low horsepower compressor and  95- the  tubing which
carries the extended surface  condenser. However, the system is not of the
heat exchanger 66 is at least partially  limited to operation in this
manner, and if vaporized, as it  takes   up heat from  the  additional
cooling capacity is needed, as for gaseous atmosphere being circulated
there-  example, if on a particular day the user 35  past by the blower 60
wishes to freeze more than the normal 100 As the warm   fluid mixture
returns through  amount of product so that the period during the line 74 to
the holding tank 16, it is  which the low  temperature slush reservoir
caused to enter near the bottom and attempts  is regenerated must be cut
short, such freez- to rise in the tank. It mixes with the cold  ing can be
accomplished. A vent line 80 40  slush condensing the vapor and lowering
froin the holding tank 16 is provided which  105 the temperature of the
warmed liquid CO[err]  is equipped with a remotely operable valve to. the
temperature of the slush reservoir, 82 that can be opened via the control
panel. i.e., about -70[err]F. As, a result the re-  Accordingly, should the
reservoir in the frigeration system is capable of being able  tank rise
above. a pre-set temperature, e.g., 45  to fairly promptly circulate a
gaseous atmo-  -60F., or a pre-set pressure, e.g., about 95 110 sphere at
about  60F. across the food pro-  p.s.i.a., during a time period when the
pump ducts to be frozen; Thus, the advantages of  70  is pumping liquid
carbon dioxide and the cryogenic freezing are obtained within the
compressor- 28 is operating, the control refrigeration enclosure without
expending  system 38 will sense that the low-temperature 50  carbon dioxide
and exhausting it .to the  coolant reservoir has been substantially de- 115
atmosphere. The heat given up by the  pleted and that the.compressor 28
alone is warmer returning liquid CO[err] and the con-  unable to keep up
with the. demand for freez- densing vapor is absorbed by the latent heat
ing capacity. Under these circumstances, of the solid CO[err] portion of
slush as it melts  the valve 82 will be. opened to vent carbon 55  to form
liquid CO[err]. Thus, the previously dioxide vapor from the holding tank 16
so. 120 estblished low-temperature slush reservoir  as to quickly  lower
the pressure within the provides a 1arge amount of ready cooling at  tank
and thus return the liquid reservoir to cryogenic temperatures to effect
fast-freezng  its desired low temperature. Although the 



of batch of product.                     carbon dioxide vapor thus vented
is not 60     Usually, the control system 38 will be set recoverable,  the
amount vented should con-   125 so as, to actuate the compressor 28 (if it
is  stitute only, a very minor portion of the total not, already operating)
as soon as the pro-    amount of CO[err] vapor handled by the system duct
to be frozen is loaded into the re-  and condensed, and operation in this
manner frigeration cabinet 50, the doors 52 locked    alloe the system to
achieve freezing even 4$  shut and the blower motor 62 and pump  beyond its
rated capacity, which can be a           130    5
1,542,559                                     5 very valuable asset to  a
user when  greater  that the high pressure liquid CO[err] from a than a
normal amount of freezing is needed  storage vessel would be supplied
through a on a particular day.                    line 110 to which all of
the vertical tubes In the modified embodiment depicted in  102 are
connected in parallel. Vapor exit 5 FIGURE 2, the screen is removed from
the  pipes from the upper end of each tube 102 70 lower portion of the
holding tank 16. and a  merge into a single line  112 that is con- coil  of
heat-exchange tubing 85 is disposed  nected to the suction side of the
compressor. ih the tank.  One end of the coil 85 is con-  The tubes 102
effectively replace  the holding nected to the suction end of the liquid
pump  tank 16. In this arrangement the gaseous 10  70 which discharges to
the supply line to  atmosphere being circulated passes directly 75 the
heat-exchanger 66 in the refrigeration  over the outer surface of the
low-temperature cabinet 50, and the other end of the coil 85  coolant
reservoir which is created in  the is connected to the return line 74 from
the  plurality of large tubes 102 and then im- heat-exchanger. Instead of
pumping the  mediately over the product being frozen in 15 liquid carbon
dioxide from the holding tank  the enclosure defined by the liner 104.: If
80 16 through the heat-exchanger 66 and back, efficiently designed, this
alternative system a suitable, low-temperature, heat-exchange  could
eliminate a liquid pump, i.e., the liquid is pumped in a closed circuit
through  pump 70, and could further effect a savings the coil 85 and
through the tube side of the  in capital cost by combining the holding tank
20   extended surface heat-exchanger 66. -This and the heat-exchanger.
85 arrangement does not allow quite as low a    It has been found that the
operation of a temperature to be achieved in the refrigera-  system such as
illustrated in  FIGURE 1, tion cabinet, as the system shown  in FIG. 1,
utilizing a  3 horsepower Freon condenser, because of the inherent
temperature drop  which is the normal auxiliary size of a 25 across the
coil 85; however, temperatures medium-size carbon dioxide storage vessel,
90 approaching -55[err]F. can be attained in the  plus a 3-horsepower
carbon dioxide com- refrigeration enclosures, which is adequate  pressor,
can produce and store refrigeration for most fast-freezing operations.
equivalent to that which would be available An advantage which accompanies
the use  from a 50-horsepower mechanical refrigera- 30 of such an ancillary
heat-exchange liquid is tion system  that was sized for the fast 95 the
facilitation of including suitable valving  freezing of the same amount of
food pro- in the circuit- to defrost the heat-exchanger duct in the same
time. Accordingly, the 66 if needed. Appropriate 3-way valves 87  system
has great utility in geographical and 89 can be installed in the supply
line  regions where  peak demand of electric 35 72 and the return line 74
to isolate the coil power is either unavailable or high-priced, 100 85 in
the holding tank from the pump 70. as well as for operations where fast
freezing Actuation of the 3-way valves 87, 89 causes is desired but where
the capital requirements the pump 70 to circulate the heat-exchange  of
large-capacity  mechanical equipment liquid through an ambient air
heat-exchanger renders it too high-priced. -Moreover, not 40  91 which is
located in a branch line 93. only does the system afford the user the 105
Thus, during the rest period when the cool- benefits of fast cryogenic
freezing without ant reservoir is being resetablished, if frost substantial
loss of the cryogen to the atmo- has built-up on the heat-exchanger 66, the
sphere, but freezing can be easily effected heat-exchange  liquid  can  be
circulated  in a substantially pure carbon dioxide atmo- 45 through the
extended-surface heat-exchanger sphere by purging  the cabinet of air prior
110 66 and through the ambient  air heat- to beginning the freezing cycle.
exchanger  91, and  defrosting  of the    In the embodiment depicted in
FIGURE heat-exchanger in the refrigeration cabinet 4, the same principle of
storing refrigeration 50 can simply effected without interfering  by phase
change of carbon dioxide is uti- 50  with the cryogenic portion of the
overall lized; however, the overall physical arrange-  115 system.
ment is different. The same refrigeration In the second alternative
embodiment de- cabinet 50, with the heat-exchanger 66 and picted  in FIGURE
3,   the holding tank or the motor-powered blower 60, is utilized, as
chamber is incorporated into the design of described in detail hereinbefore
with respect 



55  the extended surface heat-exchanger in a  to FIGURE 1.  However, the
liquid which 120 refrigeration cabinet 100. A  plurality of is circulated
through the heat-exchanger 66 large diameter tubes 102 are located in the
in the FIG. 4 embodiment is supplied from region just to the right of the
freezing en- an  intermediate tank 120 via aline 122 con- closure defined
by a line 104  as viewed in  taining a remotely-controlled valve 124. The
60 FIG. 3. Each of  the tubes 102 carries a  exit end of the
heat-exchanger 66 is con- 125 plurality  of axially extending, spiral heat-
nected to the vapor  portion of the interime- exchange fins -106 which are
designed to  diate tank 120 by the line 123. effect efficient heat transfer
from the warmer   The intermediate tank 120 is supplied with gas being
circulated within the cabinet by a  liquid CO[err] from the main storage
vessel 10 65  blower 108. The arrangement could be such  via the liquid
feed line 14 and the remotely- 130    6
1,542,559                                       6 operable solenoid valve
18. The liquid CO[err]  tions. Should the weight of carbon dioxide storage
vessel  10 will usually be at a pressure  in the holding tank  134 fall
below a certain above 200 p.s.i.g., often in the range of about  desired
amount, as for example if vapor is 300 p.s.i.g. The high pressure liquid
expands  vented  as  hereinafter  discussed, then the 5 at an adjustable
expansion valve 126 to the  lower contact of the weight switch 150 causes
70 lower pressure and lower temperature desired  the  control system  38 to
open the solenoid in the tank 120. A liquid level controller 128  valve 22,
supplying make-up liquid CO  to connected to the tank 120 maintains a
desired  the nozzle  136 to provide additional snow level of liquid CO[err]
in the tank by  opening  in the tank: 10  the fill valve 18 whenever the
liquid drops    Generally, the system will be sized so that 75 a
predetermined  amount below the desired  the holding tank 134  will contain
nearly level. A vapor line 130 leading from the tank  enough carbon
dioxide snow to condense 120 contains a back pressure regulator 132, most
of the vapor which will be created dur- which controls the pressure in the
tank 120  ing the next day's freezing operation, and 15  and is usually set
at a value between about the conversion of high pressure liquid. CO[err]
80 70 p.s.i.g. and about 90 p.s.i.g. The vapor  to fill the holding tank
with snow is designed line 130 is connected: through another back  to be
automatically carried out at a relatively pressure regulator 133 (set just
above the  slow rate throughout he night, thus requir- triple point
pressure  to the bottom  of a  ing only a relatively small compressor and
20  thermally insulated holding tank 134.       condenser. The remainder of
the vapor which  85 A branch line 20 from the main liquid  will be created
is intended to be handled by line 14 contains a remotely-operable valve
the compressor 142 and condenser 12 which 22 and leads  to a carbon
dioxide spray  will  be operating during freezing operations. nozzle 136.
The high-pressure liquid CO[err] The cross connections in the vapor line
138 25 flowing to the spray nozzle 136 expands  are connected to two branch
lines 160, 162, 9 through the nozzle orifice creating carbon  each of which
contains a solenoid-operated dioxide  vapor and either snow or very low
valve 164, 166 and a pressure regulator 168, pressure liquid depending upon
the pressure  170 respectively. in the holding tank  134. A vapor line 138
When the control  system 38 is actuated to 30 leads from the upper portion
of the holding  begin snow-making to fill the tank 134,  the  95 tank 134
and is branched to provide three  valve 164 in the branch line 160 is
opened, parallel paths. The main branch 139 con-  bringing into action the
pressure regulator tains a pressure regulator 140 which is set 168 which is
set at 70 p.s.i.a., which is below to maintain a back pressure of at least
about  the triple point of CO[err]. Thus,as the liquid 35  80 p.s.i.a. in
the holding tank. The vapor  CO[err]  is sprayed  into the tank 134 through
100 line 138 leads to a compressor 142 which is  the nozzle 136, the
compressor 142 works controlled by a pressure  switch 144 that to try to
hold the pressure between about 70 causes the compressor to run wherever
there  and 75. p.s.i.a. so that snow will be created. is some minimum
vapor pressure available  The nozzle 136 may be sized to expand 40 at the
suction side, for example,  at least liquid at a rate which the compressor
142 105 about 60 p.s.i.a. The  compressed vapor is  can keep pace; however,
it can  be allowed returned to the storage vessel 10 through  to enter a
faster rate and be transformed to the return line 34 as  described
hereinbefore;  snow  later as the compressor reduces the however, when the
vapor pressure  in the  pressure in the holding tank. Once the hold- 45:
vessel is low, a pressure controlled valve 146  ing tank is full with  snow
so that the com- 110 opens so it becomes immediately brought pressor  142
ceases operation, the valve 164 back up to a higher pressure when the com-
is closed, so that the pressure regulator 140 pressor begins to run.
then takes over, which is set at about 80 In the illustrated embodiment,
the holding  p.s.i.a. which is above the triple point. 50  tank 134 is
supported upon  a scale or    After the product to be cooled or frozen 115 



balance 148 to which a weight switch 150  has been loaded into the cabinet
50, the is connected. The weight switch 150 has a  doors 52 are cooled, and
the control system pair of contact points and is connected to  38 is
actuated to start the cooling process. the control system 38. When a
certain maxi-  The solenoid valve 124 is opened allowing 55 mum weight is
reached which indicates that cold liquid CO[err] to flow by gravity to the
120 the holding tank 134 is essentially full of heat-exchange coil 66. When
only cooling, liquid, the  upper  contact on the weight  chilling or slow
freezing is desired, achieving switch 150 signals the control system 38 to
a temperature of about-30[err]F. is usually close the supply valve 22, thus
halting sup-  adequate; however, for cryogenic-type freez 60 ply of
further carbon dioxide to the nozzle  ing, temperatures of-50[err]F. or
below are 125 136. The compressor 142 continues to  run   desired in the
enclosure 50. If the tank 120 until all of the liquid CO, has been turned
is maintained at a pressure of about 90 to snow. The snow in the holding
tank 134  p.s.i.a. (75 p.s.i.g.) the liquid in the heat- is then ready to
condense the CO[err] vapor  exchanger 66 will be at about-62[err]F. and 6.
that will be created during freezing opera-   will be fully capable  of
lowering the tem- 130    7                                       1,542,559
perature of the atmosphere in the enclosure  an unusually heavy day's
freezing opera- 54 to about -50[err]F. or lower. The circula-  tions, the
venting of the line 130 leading tion of the atmosphere past the heat-ex-
from the tank 120 assures a pressure dif- changer  66 by the fan causes the
liquid  ferential will be maintained so that the flow 5 CO[err] to
vaporize, and the vapor exits from   of cryogen through the heat-exchanger
66 is 70 the opposite end of the heat-exchanger and  not slowed. is
returned through the vapor line 123 to the    The physical arrangement
illustrated effi- intermediate tank 120. The CO[err] vapor which  ciently
provides relatively large amounts of is created in the heat-exchanger 66
flows  cryogenic cooling by the accumulation of 10  from the tank 120
through the line 130, past  snow in the suitably insulated holding tank  75
the pressure regulators 132, 133, into the  134, which can be accomplished
automatic- bottom  of the holding tank 134 which is  ally overnight The
system  can function maintained at a lower pressure by the com-
effectively using a compressor 142 driven by pressor. Additional liquid
C[err], is supplied  a 3 horsepower motor  and making use of 15 to the tank
120 through the fill valve 18 as  a standard storage vessel condenser.
80 called for by the liquid level controller 128.    In the embodiment
depicted in FIGURE As the vapor enters the bottom  of the  5, the general
principle of storing refrigera- holding tank  134 through the line 130, it
tion by phase change of carbon dioxide is causes the CO, snow to  melt and
forms utilized- however, this particular system uti- 20 slush with a
gradually decreasing percentage lizes   the cryogenic temperatures
available 85 of solids. In order to give the compressor  from  carbon
dioxide to  cool or freeze 142 a head-start when freezing operations
material being continuously carried through are begun, as soon as the
control system  an elongated, insulated chamber. Illustrated opens the
valve 124 to start gravity flow to  is a feed freezer 200 which includes an
end- 25  the heat exchanger 66, the normally closed, less conveyor belt 202
that  is designed to  90 solenoid valve 166 in the vapor line branch  carry
product to be frozen from an entrance 162 is opened. The pressure regulator
170  at the right-hand end to a discharge exit at in this line is set to
maintain a downstream  the left-hand end. Disposed above the belt piessure
of 65 p.s.i.a., and thus vapor im-  near the entrance are a plurality of
snow 30  mediately passes through the regulator 170, nozzles 204 designed
to blanket the belt and  95 actuating the pressure switch 144 and start-
the material being carried thereupon with a ing the compressor 142. This
arrangement layer of high velocity carbon dioxide snow. gives the
compressor 142 a slight head-start   The snow-making system can be of the
in preparing for the vapor which  will soon  type disclosed in British
Patent 'Specification 35 be forthcoming by allowing the compressor  No.
1371849.  For purpose of the present 100 to begin to remove vapor from the
holding  application, it is  adequate to indicate that tank 134. The valve
166 may be closed at there is a freezer control system 206which the end of
the freezing cycle or during a  controls an adjustable pressure-regulating
period when slush-making is in progress.    valve 208 to produce the amount
of snowing 40    As a result, as freezing of the product in  desired,
depending upon the temperature 105 the refrigeration chamber 50  takes
place, within the freezer 200 sensed by a thermo- CO[err] vapor is
continuously being created, couple 210. The left-hand section of the which
gradually melts the CO[err] snow in the  freezer 200 includes a heat
exchanger 212 holding  tank, first forming slush and   then of any desired
style and is sometimes referred 45  melting  the solid portion of the slush
to  to as a through-freeze section.     110 liquid as    the vapor
continues to be con-    In operation, the product is quickly 



densed on its  travel  upward. The compres-  blanketed with snow to create
a frozen crust sor 142 is constantly operating to remove  that  prevents
the escape of fluids, and then CO[err] vapor from the tank, compress it,
and  freezing of the remainder of the crusted 50  return it to the storage
vessel 10 for conden-  product occurs in the through-freeze section. 115
sation. Should the compressor 142 be unable  The heat exchanger 212
functions as an to keep up and should all of the slush turn  evaporator and
a  plurality of fans 214 are to liquid, the incoming vapor will bubble
associated with it which maintain a circula- through the liquid and
increase the pressure  tion of the cold atmosphere about the pro- 55  in
the tank 134 and thus in the incoming  duct on the belt 202, which is
preferably of 120 vapor line 130. To prevent the pressure from  the porous
variety so that all surfaces of rising above about 85  p.s.i.a., a pressure
the product are exposed to the vapor. The reading relief valve 176 is
provided in the  snow-making nozzles 204 create carbon di- vapor line 130
Which leads to a vent line  oxide vapor along with the  snow, and the 60
178; The relief valve 176  vents the vapor  subliming carbon dioxide snow
creates ad- 125 line 130 should the pressure in the holding  ditional
carbon dioxide vapor so that the tank  34 rise above 85 p.s.i.a.  Thus,
even  food freezer 200 will be quickly filled with if the  compressor
should be momentarily  inert carbon dioxide vapor, excluding moi unable to
keep pace with the refrigeration ture-containing air therefrom.
Accordingly, 65  requirements of the freezer near the end of  the fans 214
in the throughfreeze section 130    l,52,559
8 circulate the carbon dioxide vapor through  load cell 256. A vapor outlet
line 258 leads the heat-exchanger 212 and      against from the top of the
holding chamber 254 the surfaces of the product being frozen, through a
pressure regulator 260, usually without significant moisture collection on
set at 72 p.s.i.a., to a tee 262 in the vapor 5 the exposed surfaces of
heat-exchanger 212. line 242 upstream of the heat-exchanger 228. 70 The
vapor from the snow nozzles and from  The vapor exists from the
heat-exchanger the subliming snow is expended and appro-  228 via a line
263 that leads to a compressor priately exhausted from the premises, with
264; the operation of which is controlled by no attempt being made to
recover it. How-  a pressure switch 266. The compressor  out- 1O  ever, the
remainder of the carbon dioxide  let line 268 leads through an auxiliary
con- 75 which vaporizes in the evaporator 212 is  denser 270 through a
pressure regulator 272 recoverable in the illustrated system.   and then to
a vapor return line 274 which A  main liquid carbon  dioxide  storage
enters the bottom of the main storage vessel vessel 220 is employed which
is designed to  220 so that the liquid and vapor bubble into 15 store high
pressure liquid CO[err] at about 300  the high pressure liquid reservoir. A
branch  80 p.s.i.g. and 0[err]F. A freon condenser 222 of vapor line 276 is
connected through a pres- suitable capacity is associated with the vessel
sure regulator 278 to the vapor portion of and operates as needed to
condense the  the storage vessel 220. Relator 272 is set vapor in the
vessel to maintain the desired  to hold an efficient pressure in the
condenser 20 pressure limit. A liquid supply line 224 from   270
irrespective of the pressure in the vessel 85 the vessel leads to a tee
226, and one branch  220, which varies widely due to filling and of the tee
leads to a heat-exchanger 228 and  other conditions. The pressure regulator
278 then to a second tee connection 230. One  in the branch line opens
whenever it reads line 232 from the second tee connection 230  a pressure
less than at which the freon con- 25  leads to the pressure regulating
valve 208 in  denser 222 is set to turn off, so that when 90 the
snow-making system, and the bther leg  this condition exists and liquid and
vapor of the tee 230 connects to a line 234 which  are again returned to
the storage vessel by includes a pressure regulator 236 and con- the
compressor,  the pressure in the head nects to the inlet end of the
evaporator 212  space above the liquid immediately rises to 30. within the
food freezer.               activate the  freon condenser 222 and to  95
The evaporator 212 includes a liquid level maintain a stable feed pressure
on the sys- control monitor 238 which is connected to  tem, including the
snow nozzles 204. the control system 206 and to a solenoid-    Another tee
connection 282 in the vapor operated valve 240 which  is located in a  line
242   leading to the  heat-exchanger 228 35 vapor return line 242 connected
to the top  provides, a branch line 283 which contains 100 pf the
evaporator. The function of the liquid  a pressure regulator 284 and
connects to the level control 238 is to prevent the evaporator  bottom of
the holding chamber 254, and the 212 from completely filling with liquid
CO[err], pressure regulator 284 will usually be set at as it is desirable
that boiling conditions be  about 85 p.s.i.a. The pressure switch 266 40
maintained within the evaporator so that Which controls the compressor may
be set 105 only vapor flows through the line 242. to. turn off at about 70
p.s.i.a. Accordingly, Accordingly, should the liquid level monitor when
-vapor is being created by boiling in 



238 indicate the rise of liquid to a level near the eVaporator  212 and  is
flowing through the top, it signals the control system to close  the exit
line 263 from the heat-exchanger 45  the valve 240 to prevent the further
infeed  228, the pressure switch 266  will turn on the 110 of  liquid
CO[err] until such time as the level compressor 264 to recover that vapor.
How- decreases. During this period of time, boil-  ever, when a peak load
occurs and the com- ing continues and causes the liquid CO[err] to  pressor
is unable to handle all of the vapor simply backup in the feed line 234 as
the  being created, the pressure in the vapor 50 pressure increases,until
the liquid falls below  return line 280 rises, causing the pressure 115 the
desired level.  The control system 206  regulator 284 to open, thus
providing a path also includes  a sensor 244 that senses the  through the
branch  line 283 to the holding temperature in the through-freeze section
of chamber 254. A portion of the vapor in the the freezer and the control
system will close  return line 242 accordingly flows into the 55 the valve
240 should too cold a temperature  holding chamber 254 where it is
condensed 120 be detected. The vapor return line 24-2 leads so long as
there is snow present. Should an to the heat-exchanger 228 through which
the unusually long peak load condition exist, a incoming high prssure
liquid passes, and  relief valve 290 in the line 263 will open to thus
advantage is taken of the cooling capa-  vent the excess pressure as needed
to main- 60. city of the cold vapor to subcbol the incom-   tain  the
pressure at the desired maximum 125 ing liquid before the vapor is
condensed.    limit for example, 80 p.s.i.g.  so that liquid The other leg
of the first tee 226 connects  will continue to flow to the evaporator 212
to a line 250 which leads to a remote-con- to maintain the operation of
the freezer. trol1ed valve 252 and then to a holding    On the other hand,
when a "valley" or 65 chamber 254 which is supported upon a very light load
occurs so that the compressor 130    9
1,542,559                                     9 264 is able to handle more
than the amount over 6,000,000 BTU's of cooling can be pro-  65 of vapor
being created in the evaporator vided by the same size holding chamber.
212, the pressure in vapor lines 263 and 242    Although the invention has
been illustrated drops to below the set point of regulator  with regard to
certain particular embodi- 5 260, causing it to open, and the compressor
ments, it should be understood that changes draws vapor from the holding
chamber 254  and modifications as would be obvious to 70 and begins to
replenish the snow content of one having the ordinary skill in the art may
the reservoir. Thus, the holding chamber  be made without departing from
the scope 254, suitably controlled by the pressure regu-  of the invention
which is defined by the 10 lators 260 and 284, serves as a device to
claims appended hereto. For example, simi- even out the recovery flow to
the compressor  lar systems can be used in storage installa-  75 264 of
vapor created in evaporator 212.  tions to maintain cold temperatures for
material already chilled or frozen, and cool- A refrigeration control unit
292 monitors  ing is used in this application to encompass the readings
from  the load cell 256 and  such an arrangement. These refrigeration 15
controls  the filling of the holding chamber systems are considered
advantageous for 80 254 via the remote-controlled valve 252. The achieving
cooling or freezing temperatures control unit 292 is set to initially fill
the  of 0[err]F. and below, and they are considered chamber 254 with liquid
CO[err] until a certain to be particularly valuable because they can weight
is reached. The valve 252 is then  provide cryogenic freezing temperatures,
e.g., 20 closed to allow the compressor 264 to con-  -50[err]F. and below,
without expenditure of 85 vert the liquid to snow. As the pool of liquid
cryogen while minimizing installation cost. is turned to snow, the weight
of the reservoir  Moreover, the inventions are useful not only in
substantially permanent installations, but When the load cell 256 monitors
a a drop also in connection with portable refrigeration 25 in weight below
a predetermined point, the  units or cryogen supply units where coupling 90
valve 252 may be opened again by the con- is effected at time of recharging
or slush- trol unit 292 to allow an additional quantity  making. of liquid
to be fed to the chamber, for    Various features of the invention are set
example, on a timed flow basis. After the  forth in the claims which
follow. 30 valve 252 is again closed and the pressure lowered by the
compressor 264 to turn this   WHAT I CLAIM IS: - quantity of liquid CO[err]
to snow, the steps    1. A method of cooling material using can be
repeated. In this manner, a 2-, 3- or stored cryogenic refrigeration, which
method 4-stage filling of the chamber 254 can be 35 carried out so as to
obtain a reservoir of comprises supplying cryogen to a chamber, controlling
the temperature and pressure of 100 snow that fairly well fills the chamber
254. said cryogen in said chamber so that it is at 



However, when vapor is condensed by  the triple point whereat solid, liquid
and such a fairly full tank of CO[err] snow, the  vapor exist in
equilibrium, removing cryogen volume of slush within the chamber 254  from
said chamber to increasing the percent- 40 continuously increases as liquid
is formed  age of solid cryogen in said chamber thus 105 by the melting
snow and condensing vapor. creating a low temperature coolant reservoir In
such an instance, an increase in the weight and retaining said solid
cryogen in said of the reservoir above a desirable maximum  chamber while
employing the refrigeration is monitored by the load cell 256, and the
potential thereof to cool the material in a 45 control unit 292 actuates a
pump 294 which  manner which causes said solid cryogen to 110 withdraws
liquid CO[err] from a region near melt to form liquid cryogen. the top of
the chamber 254 and returns it   2. A method in accordance with Claim to
the main liquid CO[err] storage vessel 200  1 wherein the material to be
cooled is sup- through a line 296. When the weight of the  plied to a
refrigeration enclosure, wherein 50 reservoir is appropriately reduced, the
opera-  said refrigeration enclosure includes heat- 115 tion of the pump
294 is suspended by the  exchange means, wherein the temperature in control
unit 292 until the desired maximum  said refrigeration enclosure is
maintained at weight should again be reached. In this  about 0[err]F. or
below by vaporization of manner, the effective volume of the holding
liquid cryogen in said heat-exchange means, 55 chamber 254 can be increased
over the  and wherein the vapor thus produced is con- 120 amount of CO[err]
which it could otherwise  densed by contact with said solid cryogen handle,
if its capacity were limited to an  in said chamber. amount of snow
corresponding to its liquid   3. A method in accordance with Claim
capacity. For example, a 10.000 gallon hold-  2 wherein said chamber and
said heat-ex- 60 ing chamber operated without a pump 294, change means are
supplied from a liquid 125 can accept and condense enough vapor to  cryogen
storage vessel. provide over 4,000.000 BTU's of cooling to   4. A method in
accordance with Claim the freezer 200. If automatic pump-out pro-  2
wherein liquid cryogen in said chamber tection via the pump 294 is
incorporated, is separated from said solid cryogen and    1542,559 9
9 264 is able to handle more than the amount over 6,000,000 BTU's of
cooling can be pro-  65 of vapor being created in the evaporator  vided by
the same size holding chamber. 212, the pressure in vapor lines 263 and 242
Although the invention has been illustrated drops to below the  set point
of regulator with regard to certain particular embodi- 5 260, causing it to
open, and the compressor  ments, it should be understood that changes draws
vapor from the holding chamber 254  and modifications as would be obvious
to 70 and begins to replenish the snow content of  one having the ordinary
skill in the art may the reservoir. Thus, the holding chamber  be made
without departing from the scope 254, suitably controlled by the pressure
regu-  of the invention which is defined by the 10 lators 260 and 284,
serves as a device to  claims appended hereto. For example, simi- even out
the recovery flow to the compressor  lar systems can be used in storage
installa- 75 264 of vapor created in evaporator 212.  tions to maintain
cold temperatures for material already chilled or frozen, and cool- A
refrigeration control unit 292 monitors  ing is used in this application to
encompass the readings from  the load cell 256 and  such an arrangement.
These refrigeration 15 controls the filling of the holding chamber systems
are considered advantageous for 80 254 via the remote-controlled valve 252.
The   achieving  cooling  or freezing temperatures control unit 292 is set
to initially fill the  of 0[err]F. and below, and they are considered
chamber 254 with liquid CO[err] until a certain to be particularly valuable
because they can weight is reached. The valve 252 is then  provide
cryogenic freezing temperatures, e.g., 20  closed to allow the compressor
264 to con-  -50[err]F. and below  without expenditure of vert the liquid
to snow. AS the pool of liquid  cryogen while minimizing installation cost.
is turned to snow, the weight of the reservoir  Moreover, the inventions
are useful not only within the holding chamber 254 decreases.  in
substantially permanent installations, but When the load cell 256 monitors
a a drop  also in connection with portable refrigeration 25 in weight below
a predetermined point, the  units or cryogen supply units where coupling
90 valve 252 may be opened again by the con- is  effected at time of
recharging or slush- trol unit 292 to allow an additional quantity  making.
of liquid to be fed to the chamber, for    Various features of the
invention are set example, on a timed flow basis. After the  forth in the
claims which follow. 36 valve 252 is again closed and the pressure
95 lowered by the compressor 264 to turn this    WHAT I CLAIM IS:- 



quantity of liquid CO[err] to snow, the steps     1. A method of cooling
material using can be repeated. In this manner, a 2-, 3-. or  stored
cryogenic refrigeration, which method 4-stage filling of the chamber 254
can be  comprises supplying cryogen to a chamber, 35 carried out so as to
obtain a reservoir of controlling the temperature and pressure of 100 snow
that fairly well fills the chamber 254.  said cryogen in said chamber so
that it is at However, when vapor is condensed by  the triple point whereat
solid, liquid and such a fairly full tank  of CO[err] snow, the  vapor
existin equilibrium, removing cryogen volume  of slush within the chamber
254  from said chamber to increasing the percent- 40 continuously
increases as  liquid is formed  age of solid cryogen in said chamber thus
105 by the melting snow and condensing vapor. creating alow temperature
coolant reservoir In such an instance an increase in the weight  and
retaining said solid cryogen in said of the reservoir above a desirable
maximum  chamber while employing the refrigeration is monitored by the load
cell 256, and the  potential thereof to cool the material in a 45 control
unit 292 actuates a pump 294 which  manner which causes said solid cryogen
to 110 withdraws liquid CO[err] from a region near  melt to form liquid
cryogen. the top of the chamber 254 and returns it   2. A method in
accordance with Claim to the main liquid CO[err] storage vessel 200  1
wherein the material  to be cooled is sup- through a line  296. When the
weight of the  plied to a refrigeration enclosure, wherein 50 reservoir is
appropriately reduced, the opera- said refrigeration enclosure includes
heat- 115 tion of the pump 294 is suspended by the  exchange means, wherein
the temperature in control unit 292 until the desired maximum  said
refrigeration enclosure is maintained at weight should again be reached. In
this  about 0[err]F. or below by vaporization of manner, the effective
volume of the holding  liquid cryogen in said heat-exchange means, 55
chamber 254 can be increased over the  and wherein the vapor thus produced
is con- 120 amount of CO[err]  which it could otherwise  densed by contact
with said solid cryogen handle, if its capacity were limited to an  in said
chamber. amount of snow corresponding to its liquid    3. A  method in
accordance with Claim capacity. For example, a 10,000 gallon hold-  2
wherein said chamber and said heat-ex- 60 ing chamber operated without a
pump 294, change means are supplied from a liquid 125 'can accept and
condense enough vapor  to  cryogen storage vessel. provide over 4,000,000
BTU's of cooling to   4. A method in accordance with Claim the freezer 200.
If automatic pump-out pro-  2 wherein liquid cryogen in said chamber
tection via the pump 294 is incorporated,  is separated from said solid
cryogen and *   C   L   M   S   *    1,542,559
10 supplied to said heat-exchange means where-    12. Apparatus in
accordance with Claim in vaporization  occurs.                11 wherein a
refrigeration enclosure is asso- 5. A method in accordance with Claim
ciated with said heat-transfer means and 4 wherein all of said liquid in
said chamber  means is provided for circulating the gaseous 5 is thereafter
changed to solid and additional atmosphere in the enclosure past said heat-
70 liquid cryogen is supplied to said chamber  transfer means. to  create a
slush mixture with said solid    13. Apparatus in accordance with either
cryogen.                                  Claim  11 or 12 wherein control
means is 6.   A method in accordance with Claim  provided to cause said
means associated 10  2 wherein said chamber is formed as a part with said
chamber to create slush therein, 75 of said heat-exchange means so that low
wherein means is provided for physically temperature coolant reservoir is
created  separating liquid cryogen from said slush,. within said
heat-exchange means and where-  and  wherein means is provided for with- in
the gaseous atmosphere in said refrigera-  drawing said separated liquid
cryogen from 15 tion enclosures  is circulated past said heat-  said
chamber  and pumping  same to said  80 exchange means.       .
heat-transfer means. 7. A method in accordance with Claim    14  Apparatus
in accordance with either 1 wherein the material to be cooled is sup-
Claim  11  or   12 wherein  a liquid cryogen plied to a refrigeration
enclosure having  storage vessel, system is provided from which 20
heat-exchange means therein and wherein said chamber is supplied and from
which      85 the temperature in said refrigeration en-  said heat-transfer
means is supplied. closure is maintained at about 0[err]F. or below    15.
Apparatus in accordance with Claim by circulating a gaseous atmosphere
with-  12 wherein a high pressure liquid CO[err] stor- in said enclosure
past said heat-exchangege age vessel system is provided from which 25
means.                                   said chamber and said
heat-transfer means 90 8. A method  in accordance with Claim  are supplied
and wherein means is provided 7 wherein an auxiliary stream of heat-trans-
for spraying liquid CO[err] into said refrigeration 



fer fluid is caused to flow in heat-transfer enclosure to deposit snow on
the material relationship with said  coolant reservoir and  being cooled
and to create a CO[err] atmosphere 30 in heat-transfer relationship with
said cir-  therein.                           95 culating gas in said
refrigeration enclosure.    16. Apparatus in  accordance with either 9. A
method in accordance with any one  Claim  14 or 15 wherein  an intermediate
of Claims 1 to 8 wherein  said cryogen is vessel is provided whichis
connected be- tween said  storage  vessel and said heat- 35     10.  A
method in accordance with Claim  transfer means, and wherein means is pro-
100 2  wherein  said refrigeration enclosure in- vided for reducing the
pressure of the liquid cludes said heat-exchange means in one  cryogen
therein to create a body of inter- section and snow-making means in another
mediate pressure liquid for supply to said section, wherein CO[err] is the
cryogen, wherein  heat-transfer means. 40  liquid CO[err] is supplied to
said heat-exchange  17. Apparatus in accordance with any 105 means  and to
said snow-making means, and  one of Claims 11-12 and 14-16 wherein wherein
the  vapor created in said refrigera-  weight switch  means is associated
with said tion enclosure by said snow-making means  chamber,  wherein a
control system is con- is circulated past  heat-exchange means.  nected
to said  weight switch, wherein  a. 45   11. Apparatus for cooling material
using  remote-controlled valve and back pressure 110 stored cryogenic
refrigeration, which appa-  regulator  means  are  provided between the
ratus comprises a chamber, means for sup-  vapor outlet for said chamber
and said com- plying cryogen to said chamber, means asso-  pressor, said
back pressure regulator means ciated with said chamber for reducing the
being set below the triple point of the cryo- 50  pressure and temperature
in said chamber  gen, and   wherein said control system  is 115 to the
triple point of  the cryogen and  for  adapted to open said
remote-controlledvalve forming solid cryogen to create a low-tem-  after a
predetermined weight is achieved in perature coolant reservoir in said
chamber, said holding chamber. a compressor for removing cryogen vapor
18. Apparatus in accordance with any 55 from said chamber, means for
condensing   one of Claims 11-17 wherein first conduit 120 and removing
said compressed vapor, heat-  means connects the outlet from said heat-
transfer means associated with the material transfer means to said
compressor means, to be cooled means for supplying liquid  wherein second
conduit means interconnects cryogen to said heat-transfer means to cool
said first conduit means and a lower location 60  said material by
evaporating same and creat-  in said chamber and wherein valve means 125
ing cryogen vapor, and means for removing  in said second  conduit means
opens when- evolved vapor from said heat-transfer means  ever the pressure
in said first conduit means and condensing said vapor by melting solid
exceeds a predetermined amount. cryogen in said coolant reservoir within
said    19. Apparatus in accordance with any 65  chamber.
one of Claims l1 to 18 wherein means  is 130    11
1,542,559 provided for automatically venting cryogen  as illustrated in
Figure 1, Figure 4, Figure 5 vapor from  said chamber if the pressure  or
Figure 1 as modified by Figure 2 or therein rises above a preset level
during  Figure 3 of the accompanying drawings. cooling operation. 5
20. A method of cooling material sub-         LEWIS TYREE, JR. stantially
as hereinbefore described with reference to and as illustrated in any of
the   Per: BOULT, WADE & TENNANT, accompanying drawings.
34 Cursitor Street, 21. Cooling apparatus substantially as
London EC4A 1PQ. 10  hereinbefore described with reference to and
Chartered Patent Agents. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon), Ltd.-1979. Published at The Patent Office, 25
Southampton Buildings, London, WC2A lAY, from which copies may be obtained.


