
3,507,128 
2. Sheets-Sheet 

T. H. MURPHY ETAL 

AND MECHANICAL REFRIGERATION 
CONTINUOUS CRYOGENIC PROCESS COMBINING LIQUID GAS 

April 21, 1970 

Filed Dec. 22, 1967 

º 727/79// 

and 
1NVENTORS 

AT TORNEY 

r 
Z/phy 
6 

##~22 

AAXAw YYYYAAAAAYAAAYAAAAAYAA 

  

  



3,507,128 . MURPHY ETA 
CONTINUOUS CRYOGENIC PROCESS COMBINING LIQUID GAS 

T. 

AND MECHANICAL REFRIGERATION 

April 21, 1970 
2 Sheets-Sheet 2 Filed Dec. 22, 1967 

7am H. Wurphy and 

LIG=???? 

i VENTORS A. 

ATTORNEY 

Zone. (ché w 

  

  



United States Patent Office 3,507,128 
Patented Apr. 21, 1970 

1. 

3,507,128 CONTINUOUS CRYOGENic PROCESS COM 
BINING LIQUID GAS AND MECHANICAL 
REFRIGERATION 

Tom H. Murphy, N. 8616 Country Homes Blvd. 99208, 
and Don E. Tucker, E. 10515 Sinto Ave. 99206, both 
of Spokane, Wash. 

Filed Dec. 22, 1967, Ser. No. 692,774 
Int, C. F25d 3/10 

U.S. C. 62-63 5 Claims 

ABSTRACT OF THE DISCLOSURE 
A continuous cryogenic process for freezing food prod 

lucts in an inert gas atmosphere by combined liquid gas and 
mechanical refrigeration including: the lowering of prod 
uct temperature near its freezing point by mechanical 
refrigeration, rapid freezing of the product substantially 
by liquid gas refrigeration, and continued lowering of 
product temperature to the desired terminal point chiefly 
by mechanical refrigeration. The process is continuous 
and applies more expensive liquid gas refrigeration only 
at critical stages when its benefits are most pronounced, 
with more economical mechanical refrgeration removing 
heat at other times. The rapid freezing of product 
without regelation and in an inert atmosphere reduces 
product deterioration by both physical and chemical causes 
to produce a resultant superior product. 

BACKGROUND OF INVENTION 

Related applications 
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There are no prior applications directly related hereto 
filed in this or any foreign country, though applicants have 
herefore filed applications on a similar static process. 

Field of invention 
This invention relates generally to the field of cryogenics 

and more particularly to a continuous process combining 
freezing by mechanical refrigeration and liquid gas to 
obtain the benefits of each by limitation of gas freezing 
to its principal beneficial range. 

Description of prior art 
Freezing of food products with both mechanical refrig 

eration and liquid gases, by various heat transfer means, 
has heretofore been known and practiced. Certain limita 
tions, however, are associated with each type of freezing. 
Mechanical refrigeration causes deterioration of the prod 
uct because of the nature of the process itself, which often 
times allows regelation to continue over an extended pe 
riod during the freezing operation to physically break 
down cell structure of cellulated products and thereby 
expose the cell contents directly to the atmosphere for 
relatively long periods of time to cause various chemical 
changes, especially of an oxidative nature. Both such phys 
ical and chemical changes effect the aesthetic properties of 
the food, if not its nutrative properties. Liquid gas freezing 
largely eliminates these problems, but has not proven 
commercially feasible because of its relatively high cost. 
Many processes for freezing with either mechanical or liq 
uid gas refrigeration separately have hereto become 
known but none have combined the two freezing proc 
esses to create a new economically feasible process having 
the advantages of gas freezing. 
The instant invention is distinguishable from the prior 

art in that it provides a using of liquid gas refrigeration 
only during a limited period-substantially the time of 
the actual freezing of the product-to prevent excessive 
regelation so as to provide the greatest economy with sub 
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2 
stantially all the benefits of liquid gas freezing, while still 
allowing a continuous operation for greatest efficiency and 
economy of use. 

SUMMARY OF INVENTION 

The instant invention was conceived to provide a con 
tinuous cryogenic process combining liquid gas and me 
chanical refrigeration in such fashion as to gain the ad 
vantages of each and more particularly to such a process 
that provides liquid gas freezing during the relatively short 
period of solidification of product to prevent regelation 
and its resultants. 
Our invention provides an enclosure insulated from 

its environs wherein our process operates. The enclosure 
may be chamberized, completely or partially, or otherwise 
configures to allow each of the steps of our process to 
operatively function. A conveyor or similar product mov 
ing meens is provided to cause transit of product through 
the enclosure. 

The first step of our process transfers heat from the 
product substantially by mechanical refrigeration means 
until the product temperature is lowered to, or very near, 
its freezing point. Preferably, the mechanical refrigeration 
means are provided with an air circulating system that 
forces the refrigerated air with some force against the 
product being cooled to remove the air envelope there 
about and thereby aid freezing. An inert gas atmosphere 
may be maintained during this period. 
The second step of our process receives the product, 

cooled to or very nearly to, its freezing point, and coin 
tinues to remove heat from it, principally by liquid gas 
refrigeration until such time as the product is substan 
tially frozen by vaporization of the liquid gas. In this step 
the gas is preferably sprayed in liquid form directly upon 
the product and, if necessary, auxiliary means of moving 
the gas are provided to intimately admix it with product 
to cause freezing in as short a time as possible. Preferably 
Sufficient of the gas of this step is provided to the first 
and third steps to maintain an inert gas atmosphere about 
the product for the entire process. 
The third step of our process receives the frozen prod 

uct from the second step and provides additional mechan 
ical refrigeration to reduce the final temperature of the 
then frozen product to the desired terminal point. 

Thereafter the product is removed from the freezing 
chamber for wrapping, packaging or other disposition as 
desired. 

Specific apparatus for accomplishing the process is dis 
closed. 

In providing such a process and apparatus it is: 
A principal object of our invention to provide a con 

tinuous cryogenic process, combining the use of both 
mechanical refrigeration and liquid gas refrigeration, with 
the liquid gas cryogen used substantially during the actual 
time of freezing of the product. 
A further object to provide such a process that may 

maintain an inert gas atmosphere about the product dur 
ing the entire freezing period. 
A further object to provide such a process that has the 

economic advantages of mechanical freezing while main 
taining the quality and aesthetic advantages of liquid gas 
freezing. 
A further object to provide apparatus for carrying out 

such a process. 
A still further object of our invention to provide such 

apparatus and process of the nature aforesaid that are 
new and novel, and otherwise well adapted to the uses 
and purposes for which they are intended. 
These and other objects of our invention will become 

apparent from consideration of the following specification 
and accompanying drawings. In carrying out the objects 
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of our invention, however, it is to be understood that its 
essential features are susceptible of change in design, 
ordering and structural arrangement with only one pre 
ferred practical embodiment being illustrated, as required. 

DESCRIPTION OF DRAWINGS 
In the accompanying drawings, wherein like numbers 

of reference refer to similar parts throughout: 
FIGURE 1 is a semi-diagrammatic cross-sectional view 

of an elongated chamberized freezing enclosure wherein 
our process is carried out. 
FIGURE 2 is a vertical cross-sectional view of the 

freezing chamber of FIGURE 1, showing its details and 
configuration from this aspect, 
FIGURE 3 is a diagrammatic representation, in normal 

symbology, of a particular electrical control circuit that 
is embodied in our invention. 
FIGURE 4 is an elongate semi-diagrammatic cross-sec 

tional view of a species of elongate non-chamberized 
freezing enclosure. 
FIGURE 5 is an elongated semi-diagrammatic cross 

sectional view of a species of freezing enclosure hav 
ing vertically arranged compartments for each of the 
process steps. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring now more particularly to the drawings, and 
especially to that of FIGURE 1, it will there be seen that 
our invention generally includes elongated, insulated 
freezing enclosure 10 having a first precooling area 10A 
with precooling mechanical refrigeration 11, second freez 
ing area 10B with gas refrigeration 12, and a third, 
finish freezing area 10C with finish freezing mechanical 
refrigeration 13. Conveyor structure 14 is associated with 
the freezing chamber to carry product 15 therethrough to 
effect the freezing process. 

Freezing chamber 10 is an elongate, rectilinear area 
defined by paired opposed sides 16 structurally joining 
bottom 17, top 18, input end 19 and output end 20. In 
the specie of FIGURE 1, vertical septums 21 are pro 
vided to divide the chamber into precooling portion 10A, 
freezing portion 10B, and post-cooling portion 10C. The 
various exterior walls of our invention serve as an insulat 
ing encasement and a rigid support for appertenant 
Structures. 

Appropriate orifices 22 are provided in the structure to 
allow product imput to the various areas and closing 
means 23 cooperate therein to provide at least partial 
closure thereof when not in use. The particular closing 
means illustrated are pivotably mounted doors, but other 
closing devices, especially as known in the gas freezing 
art, may well be used. 
The efficiency of our process is related to a substan 

tial degree to the thermal conductivity and resultant heat 
loss through the freezing chamber walls, so insulation 24 
therein should be as great as reasonably possible. In some 
structures it may be possible to locate the freezing cham 
ber 10 in a holding freezer room (not shown) so that the 
temperature about most of the outer peripheral surface 
of the chamber wall will be at that of the holding freezer, 
generally some several degrees below zero, and thus 
lesson heat transfer. The particular configuration of the 
chamber is not critical to our invention so long as it pro 
vide a sufficiently elongate course for product travel to 
accomplish the freezing purposes specified. 
A second species of non-chamberized freezing enclo 

sure is illustrated in FIGURE 4. This enclosure is quite 
similar to the specie of FIGURE 1 except it has some 
what more length and provides no septums dividing the 
various process areas. In this specie, obviously, the opera 
tive area of each process step is not distinctly defined 
though the area of principal operation of each step are in 
spaced unique areas. This specie has the advantage of 
readily supplying inert gas to all areas in which the proc 
ess operates. 
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4 
A third specie of vertically compartmentalized freez 

ing enclosure is illustrated in FIGURE 5. Here the freez 
ing chamber is divided into three vertically related, at 
mospherically communicating areas for each of the steps 
of our process by the horizontal septums 21a. Each com 
partment is provided with a conveyor structure 14 for 
product transit with gravity activated product transfer 
means 79 communicating from each higher conveyor to 
each lower conveyor to create a continuous product 
course through the structure. In this enclosure, product 
may enter either at the top or bottom, but in either event it 
is to be noted that the colder gases in the enclosure will 
be most dense and by action of gravity will tend to 
migrate downwardly to enhance the cooling in the lower 
levels, somewhat in the fashion of a recycling process. 
Conveyor structure 14, providing product transit 

through the freezing enclosure, includes product belt 25 
carried for motion extending complete length of the 
freezing enclosure. This conveyor is of ordinary struc 
ture with the product belt carried by at least one slave 
roller 26 and driven by driving roller 27 motivated by 
mechanical linkage 28 with prime mover 29. Such con 
veyor structures are well known and constitute no direct 
part of our invention. 

Both precooling and post-cooling mechanical refrigera 
tion stages 11, 12 are essentially the same except for their 
positioning. Each mechanical refrigeration system in 
cludes compressor 30 communicating by pressure lead 31 
to expansion coil 32, thence to return to the compressor 
through vacuum lead 33 to complete the gas cycle. Com 
pressors 30 are of ordinary commercial construction, 
preferably two-stage; one compressor, if of sufficient ca 
pacity, and provided with appropriate controls might be 
used for both refrigeration stages. 

Expansion coil housing 34 is structurally carried by the 
inner wall of freezing chamber 10, by brackets 35, at a 
spaced distance from the wall. It is provided with fans 
36 and deflection plates 37 to create an air flow over the 
expansion coils and direct the resultant air flow as di 
rectly as possible to product 15 with relatively great 
velocity to disturb any static air envelopes about the 
product that might retard freezing. 
Gas refrigeration equipment 12 includes external pres 

surized liquid gas supply 38 communicating by inlet con 
duit 39 through control valve 40 and thence conduit 41 
to divider 42 and through laterals 43 to spray heads 44. 
The spray heads are positioned preferably at spaced dis 
tances and above the product so as to direct a relatively 
fine spray of liquid gas presented therethrough into a 
maximum or substantial portion of the product to be 
frozen. Preferably additional fans 45 are provided in 
freezing area 10B to aid in intimately comingling the 
liquid gas with the product. Because of the extremely low 
temperature of the liquid gas relative its normal sur 
roundings, the various gas containers outside the freez 
ing chamber preferably are insulated to prevent excessive 
heat transfer therefrom. 

If necessary to maintain an inert gas atmosphere in the 
pre-cooling and post-cooling areas 10A, 10C, additional 
gas distribution equipment (not shown) may be used, to 
distribute small quantities of gas into these areas at ap 
propriate periods. Normally, however, with the species 
of enclosures shown and even with closing means 23 for 
orifices 22 sufficient gas passes from the freezing area 
into other areas to maintain an appropriate atmosphere 
without any other provisions being made therefor. 
With liquefied gas being passed into freezing area 10B 

and expanded therein, provision must be made by pres 
sure activated outlet vent 46 to prevent excessive pressure 
of gas within the freezing enclosure. Such vents are well 
known in the art. Since the normal inert gases used in re 
frigeration processes are deleterious to humans, outlet 
vent 46 preferably exhausts to the atmosphere in a fash 
ion that will not cause danger to humans. 
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One possible electrical circuit for control of our inven 
tion is shown in the diagrammatic illustrations of FIG 
URE 3. It comprises an alternating current source having 
entrance leads 47, 48. Shunted between these leads is con 
tinuous three-track recording thermometer 49 having a 
thermocouple type sensing mechanism located in each of 
the three process areas. Lead 48 communicates through 
fuse 51 to master off-on switch 52. From this switch lead 
51 thence communicates in series with mechanical refrig 
eration switches 53, 54 and thermostatic switches 55, 56 
controlling respectively precooling area 10A and post 
cooling area 10C and thence by lead 58 in series through 
operation light 59 and thence by lead 60 to entrance lead 
47. In series with lead 57 and in parallel with mechani 
cal refrigeration switches 53, 55 and 54, 56 is push-button 
reset switch 61 which communicates by line 62 in series 
through door switch 63, emergency switch 64, and high 
pressure cutoff switch 65 and thence through lead 55 ulti 
mately back to solenoid reset switch 67. Line 68 com 
municates from the line 58 in series through reset light 69 
thence through line 70 to temperature control switch 71 
and thence through line 72 to the coil of gas valve 74 and 
back to entrance lead 47. Gas operating light 73 is shunted 
between lines 70 and 72 to indicate when the gas valve 74 
is operating to allow gas to flow into the freezing cham 
ber. The coil of solenoid reset switch 67 is shunted be 
tween entrance lead 47 and lead 70 as illustrated. 
A time-activated clock switch 75 is shunted between im 

put lead 48 and line 62, as indicated, to provide current 
for predetermined intervals through leads 76, 77 to the 
coil of gas valve 74 to maintain an inert gas atmosphere in 
the freezing chamber during the freezing process if gas be 
not required for freezing. It is to be noted that with this 
circuitry gas will not be supplied by the valve 74 unless 
all of the various safety switches 63, 64, 65 are inactive 
and in normally closed position to provide a fail safe 
safety circuitry. 

In normal operation the door switch, emergency switch 
and high pressure cut-off switch are all in closed position, 
but should any of them activate by opening, the activa 
tion will cause a stoppage of the entire gas system and 
an activation of the solenoid reset switch coils. If this 
solenoid reset switch be activated, the system can then 
again be put into operation only by closing the appro 
priate safety switch and activating the push-button reset 
switch, after correcting the difficulty. 
With this structure in mind the freezing process of our 

invention may be described and the operation of the 
various apparatus more fully understood. 

Product 15 to be frozen is established in particulated 
masses, on pallets 78 or individually, if desired, upon 
conveyor belt 25 so that major portions of the surface of 
each piece of product are exposed to the surrounding 
atmosphere. The product is then moved into precooling 
area 10A and mechanical refrigeration applied in the pre 
cooling step. In this initial cooling stage, the average gase 
ous temperature within cooling area 10A reaches approxi 
mately thirty degrees. The means temperature of the prod 
uct is moved downwardly to, or very nearly to, the prod 
uct freezing point, which with most food products will 
normally be slightly below the freezing point of water. 
Normally, this precooling to the freezing point will be 
done with mechanical refrigeration as it is most economical 
and few deleterious results occur in the product during 
this process. Substantially no freezing of the product 
occurs during this stage. 

If the product does deteriorate during the precooling 
process because of the time required or because of the 
atmosphere is too chemically active, or the product too 
sensitive, inert gas may be maintained in the product at 
mosphere during this period; also in instances of failure 
of the mechanical refrigeration, cooling may be continued 
with liquid gas in the precooling stages by establishing 
gas dispersal apparatus (not shown) in the precooling 
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6 
chamber or allowing it to encroach upon this area from 
the freezing area. 
With the mean product temperature at very nearly its 

freezing point, it is passed into central freezing area 10B 
where the liquid gas freezing system is brought into service 
to freeze the product very rapidly to a solid state. Liqui 
fied nitrogen is introduced into the chamber and allowed 
to expand to a gaseous state therein, thusly utilizing its 
heat vaporization to rapidly bring the product below its 
normal freezing point. Again, during this stage, mechani 
cal refrigeration from additional source (not shown) or 
from encroachment of the existing facilities in the freez 
ing area may be used to further speed the time of freezing, 
and in fact this is generally quite desirable, though the 
result of the mechanical refrigeration is not nearly so pro 
nounced as that of the gas. The product is maintained 
in the central freezing area until it is substantially frozen 
nd at least at an average temperature as low as its freezing 
point and preferably somewhat below. 

In this condition the frozen product is transferred to 
post-freezing area 10C where its temperature is further 
reduced, principally by mechanical refrigeration, to the 
desired terminal point. Very little product deterioration 
will occur after the product is solidified and this stage 
may therefore be carried out by the more economical 
mechanical refrigeration. 
The product is then removed from the freezing cham 

ber for further processing as desired. 
It is to be noted from the foregoing that the liquid 

gas freezing of product is limited substantially to a period 
from the time the product is at its freezing point until it 
has completely frozen, and the mechanical refrigeration 
is used both before and after this period to lower the 
temperature of the product. The liquid gas freezing is 
found advantageous in rapidly transferring product to a 
Solid state, so that no regelation is allowed to occur and 
formation of crystals, especially that might damage struc 
ture in cellulated material, is prevented or substantially 
lessened. Inert gas also displaces the partial pressure of 
oxygen circumjacent the product and provides a chemi 
cally inert atmosphere that prevents many chemical 
changes during the freezing process when cells may be 
ruptured and product not yet solidified. 
The liquid gas freezing is a relatively expensive process 

and therefore is limited to the time of its greatest utility 
with the more economical mechanical refrigeration 
being used at such times as it's economies are most ad 
vantageous. The inert gas atmosphere may, of course, be 
maintained at relatively little expense during the entire 
process to prevent oxidative or other changes brought 
about by atmospheric conditions about the product during 
this period. 

It is desirable during the entire freezing process that 
an inert gas atmosphere be maintained in the freezing 
chamber to reduce partial pressure of water vapor therein 
and prevent frost formation on the refrigeration coils. The 
clock switch accomplishes this objective by providing short 
bursts of gas by activating the gas valve on a predeter 
mined cycle, unless prevented by the safety switches. 
The particular time of transit in the freezing chamber 

will vary with each particular product, but in general the 
size of each process area may be appropriately regulated 
to allow one speed of transit through the entire enclosure. 
If this be not the case, however, individual conveyors may 
be provided in each process area to operate at different 
speeds to give the appropriate period of transit required 
for that area. Individual conveyors, though, cause various 
problems in product timing and accumulation and there 
fore are not particularly desirable if not necessary. 

It is further to be noted that our process could allow 
gas refrigeration to be applied to replace, at least partially, 
mechanical refrigeration either in the precooling or post 
cooling cycle, or both, in emergencies if the mechanical 
refrigeration should fail. 
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In carrying out our process, we presently prefer to use 
liquid nitrogen as an inert gas refrigerant. It is conven 
iently obtainable as a by-product of the oxygen industry 
and its low temperature of liquification, latent heat and 
inert nature admirably suit the purposes of our invention. 
Obviously, however, other gases having similar properties 
might well be used. 

It is to be understood that the foregoing description is 
necessarily of a detailed nature so that a specific embodi 
ment of our invention might be set forth as required, but 
it is to be understood that various modifications, changes, 
multiplication of parts and substitution in and ordering 
of processes may be resorted to without departing from 
the spirit, essence, or scope of our invention. 

Having thusly described our invention, what we desire 
to protect by Letters Patent, and 
What we claim is: 
1. The continuous process of combined mechanical 

liquid gas freezing as aforesaid, comprising in combina 
tion: 

cooling of product in the first processing area substan 
tially to its freezing point substantially by mechanical 
refrigeration; 

transport of the pre-cooled product to a second freez 
ing area; 

cooling the product rapidly by liquid gas refrigeration 
and mechanical refrigeration to substantially freeze 
the product, the liquid gas refrigeration being gen 
erated by spraying the liquid gas into the freezing 
area and allowing it to evaporate; 

transport the frozen product to a third post-cooling 
freezing cooling area; 

cooling of the frozen product to the desired terminal 
point substantially by mechanical refrigeration; and 

removal of the product. 
2. The invention of claim 1 wherein the process is 

carried out in an enclosure with a turbulent low pressure 
inert gas atmosphere therein during the entire processing 
period. 

3. As an article of manufacture, apparatus for the 
combined liquid gas-mechanical freezing of product as 
defined in claim 5, comprising: 

a freezing enclosure, defined by insulated peripheral 
surfaces, and having means of moving product 

8 
through first, second and third lineally adjacent proc 
essing areas; 

mechanical refrigeration means in at least said first and 
third processing areas, including heat transfer coils 
and means of circulating air thereacross and with 
in said areas and compressor and valve means asso 
ciated with said coils to cause refrigeration therein; 

inert gas freezings means in said second processing area. 
including at least one spray head adapted to disperse 
a liquid gas cryogen within said second processing 
chamber; 

means of supplying liquid gas to the inert gas freezing 
means; 

means of maintaining turbulence in the second process 
ing area; 

means of maintaining relatively low pressure in the 
second processing area to allow evaporation of the 
liquid gas cryogen; and 

control means adjustably regulating the temperature in 
each said processing area. 

4. The invention of claim 3 wherein the freezing en 
closure is divided into three communicating horizontal 
chambers by vertical septums having orifices for ingress 
and egress of product. 

5. The invention of claim 3 wherein the freezing en 
closure is divided into three communicating vertically 
related chambers by horizontal Septums. 
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