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[57] ABSTRACT 

A ?ash freezing system is provided in which articles to 
be frozen are transported into, through and out of an 
elongated, thermally isolated chamber. Liquid nitro 
gen is sprayed onto the articles at one region of the 
chamber and ?ashes, at least partially, to gas which 
passes toward the end of the chamber into which the 
articles are introduced. Pumping means are provided 
together with a suction inlet and discharge outlet in 
the chamber to recirculate the gas at a high velocity 
and the freshly generated gas mixes with the recircu 
lating gas in a high velocity stream impinging on each 
article. Means are provided to withdraw a portion of 
the recirculating gas from the end of the chamber into 
which the articles are introduced. 

14 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR FLASH 
FREEZING VARIOUS PRODUCTS 

This application is filed as a division of copending ap 
plication Ser. No. 487,446, ?led Sept. 15, 1965, now 
US. Pat. No. 3,277,657, issued Oct. 11, 1966. 
This invention relates to a method and apparatus for 

freezing both food and non-food products by the use of 
the latent heat of vaporization of liquid nitrogen and 
the specific heat of ultra-cold nitrogen gas. The appli 
cation of the instant invention is particularly directed 
to the ?ash freezing of foods, which is by way of exam 
ple only. 
The present freezing methods, including blast freez 

ing and immersion freezing techniques, are subject to 
many disadvantages including inefficiency of opera 
tion, length of time required to satisfactorily freeze the 
products, and the cost factor. In addition, the present 
methods are limited as to the amount of products that 
can be frozen in any given time period. A contributing 
factor to the reduction in efficiency is the lack of ade 
quate insulation to permit maximum utilization of the 
fluid being used as the cooling medium. Heretofore, 
conventional insulating techniques have not been com 
pletely satisfactory and have substantially added to the 
cost of the coolant used. 
Other problems encountered when employing the 

“blast freezing” method include the change in crystal 
line structure and the disturbance of the quality of the 
food product. 

It can be appreciated that a system whereby food 
products can be instantaneously frozen in a continuous 
process at a price that would be economically feasible 
would be a boon, both to the food processor and the 
consumer who would like to have food products always 
available regardless of the season of the year. 

In accordance with the present invention, there is 
provided a method and apparatus for the efficient and 
economical “instant freezing” of various products in 
cluding those frozen foods presently available on the 
market. Other products would include meat, poultry, 
sea food, bakery products, and prepared foods. Exam 
ples of other uses for which the process may be utilized 
include the shrink fitting of bearings and the stress re 
lieving of aluminum castings. 
The method of this invention, in one aspect thereof, 

involves flash freezing of articles in a substantially ther 
mally isolated chamber and includes the steps of trans 
porting the articles along a process path into, through 
and out of said chamber, directing a spray discharge of 
liquid nitrogen against each article when at a down 
stream path region within the chamber to ?ash at least 
partially to gas for generating fresh gaseous nitrogen 
within the chamber, drawing off gaseous nitrogen from 
the chamber and returning some of it to the chamber 
to maintain a high velocity flow stream that impinges 
upon each article at an upstream region along the pro 
cess path, and releasing some of the gaseous nitrogen 
to atmosphere after article impingement travel in the 
stream for maintaining atmospheric pressure substan 
tially throughout the remainder of the chamber. 
The method employed utilizes the latent heat of va 

porization during the “flashing” of liquid nitrogen to a 
gas in the immediate vicinity of the product to be fro 
zen. In accordance with one of the important aspects 
of this invention, the ultra~cold nitrogen gas is effec 
tively utilized to aid in the freezing process by recircu 
lating the gas over the product at high velocities to 
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2 
bombard and completely encompass the product to 
take advantage of the chilling effect of the fast moving 
gas. 

In order to effectively utilize the latent and specific 
heat of the liquid and gaseous nitrogen the freezing 
process takes place in a chamber that is fully insulated 
by highly efficient insulation techniques involving 
drawing and maintaining a vacuum between spaced 
walls that surround the process chamber. 
An example of the type of apparatus that can be used 

for practicing the method discussed above includes an 
insulated process chamber maintained at substantially 
atmospheric pressure at the regions through which the 
product to be frozen is moved on a continuously mov 
ing steel mesh or parallel wire conveyor. Liquid nitro 
gen entering the chamber is first discharged as a spray 
directly against the product and upon flashing to gas is 
drawn into a high velocity gaseous nitrogen stream that 
continuously recirculatles along a path that impinges 
against the articles. 

In the disclosed embodiment, cold gaseous nitrogen 
is passed transversely across the path of the moving 
food product in the main process chamber. This is a 
fast moving stream which is made up in part of freshly 
generated nitrogen gas vaporized from the liquid nitro 
gen spray that is discharged directlyagainst the prod 
uct. This combined gas stream is recirculated forv re 
peated passage across the path of the moving food 
product or other article. A portion of the recirculated 
gas stream is bled off to regulate the pressure within the 
process chamber. 

In this form, the inlet and outlet tunnels are arranged 
to provide a gradual outward flow of gaseous nitrogen. 
This exfiltration provides a certain‘ pre-cooling and 
post-cooling effect and precludes entry of ambient air. 
A particularly effective arrangement for insulating 

the main process chamber is disclosed. Concentric 
shells or sleeves having suitably spaced walls encircle 
and define the process. Vacuum is maintained in the 
annular region between these walls and all connections 
of the external components required for the liquid ni 
trogen system and the gaseous nitrogen recirculation 
system are made through insulated end spools so that 
the vacuum section is not broken or otherwise inter 
rupted by external connections. 
To accommodate thermal expansion and contrac 

tion, the outer shell is provided with a ?exible joint at 
an intermediate region while the inner shell is unitary 
and connected to the outer shell only at its opposite 
ends. The flexible joint allows the outer shell to follow 
the expansion and contraction movements of the inner 
shell, with external supports for the outer shell facilitat 
ing its lengthwise sliding follower movement. 
The temperature within the process chamber is 

sensed by a temperature transmitting means that serves 
to control the temperature within the chamber by regu 
lating the flow of liquid nitrogen into the chamber. 

It has been found that for certain applications, expo~ 
sure of the food product for 2 to 6 minutes within the 
chamber is sufficient to lower the temperature of the 
product the desired amount. This range is merely ex 
emplary since, depending on the speed of the convey 
ors and the length of the chamber, doughnuts can be 
exposed for a period of 15 seconds and hams for 10 
minutes, which are the requisite times necessary to 
freeze them. 
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Other features and advantages of the present inven 
tion will be apparent from the following description 
and the attached drawings, in which: 
FIG. 1 is a diagrammatic plan sectional view through 

the complete apparatus; 
FIG. 2 is a fragmentary lengthwise section through 

the downstream end of the apparatus; and 
FIG. 3 is a transverse section through the inlet end 

spool of the process chamber structure. 
A ?ash freezing liquid nitrogen system together with 

typical ?ow rates and temperatures is provided in dia 
grammatic FIGS. 1 to 3 for purposes of illustrative dis 
closure. Many structural features of the system are also 
incorporated in these diagrammatic figures. The system 
includes hollow housing structure 100 defining a sub 
stantially thermally isolated process chamber 101 hav 
ing a conveyor 102 extending substantially full length 
therein and operating at a predetermined speed to ad~ 
vance products along a process path that leads through 
the process chamber in a direction from right to left as 
view in FIG. 1. An in line entrance conveyor 103 is 
shown leading into the process chamber at the right in 
FIG. 1 and an in line exit conveyor 104 is shown lead 
ing from the process chamber at the eft in FIGS. 1 and 
2. The housing structure 100 is configured to present 
an annular insulation space 105 completely encircling 
the process chamber and normally maintained at a vac 
uum level of less than 10 microns of mercury. 
At the product infeed end, the housing structure is 

terminated in an insulated entrance spool 106 having 
a restricted mouth through which the entrance con 
veyor 103 extends and at the product delivery end, the 
housing structure is terminated in an insulated exit 
spool 107 having a restricted mouth through which the 
exit conveyor 104 extends. Spray discharge mecha 
nism, as provided in this form, includes a cryogenic liq 
uid supply line 108 feeding an upper pair of headers 
108U and a lower pair of headers 108L arranged adja 
cent the downstream end of the process chamber and 
occupying about one-third of the length of the process 
chamber. A set of seven spray nozzles 109 are shown 
on each header, each issuring a wide angle hollow 
cone, solid or fan spray discharge. The precise number 
of nozzles per header can be varied depending upon the 
product to be frozen. The nozzles associated with the 
upper headers 108U are directed vertically down 
wardly and the nozzles associated with the lower 
header 108L are directed vertically upwardly. The 
spray patterns as shown in FIGS. 1 and 2 are in a stag 
gered alternating close fit relation to span the entire 
width of the conveyor and progressively deposit atom 
ized liquid droplets substantially uniformly against both 
the topiand bottom faces of the articles. The conveyor 
102 is of open mesh construction enabling necessary 
?owthrough for the upwardly directed nozzles associ 
ated with the bottom header. One of the features of the 
arrangement is the use of mass ?ow rates of cryogenic 
liquid substantially in excess of the mass rate at which 
liquid ?ashes to nitrogen within the chamber. The ex 
cess liquid emitted by the spray discharge is collected 
in a pan‘shaped reservoir or tray 110 which underlies 
the conveyor 102 and the headers 108U and 108L ad 
jacent the downstream end of the process chamber. 
An arrangement for recirculating excess liquid to sus 

tain the prescribed higher spray discharge rate is pro 
vided externally and includes a dewar 111 or other vac 
uum insulated vessel providing a sump for cryogenic 
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4 
liquid, a cryogenic pump 112 suspended in submerged 
relation in the cryogenic liquid in the dewar, a drive 
motor 113 mounted externally of the dewar and having 
a drive belt 113B connected to the exposed upper end 
of the pump drive shaft 1123. The pump 112 is illus 
trated as being ofa centrifugal type and further particu 
lars of its arrangement and construction are provided 
in a copending application entitled Cryogenic Pump, 
Ser. No. 479,825, filed Aug. 16, 1965. in the name of 
Richard C. Wagner. The disclosure of said application 
is specifically incorporated herein by this reference. 
To complete the liquid recirculation system a drain 

line 114 leads from the collector pan 110 to the sump 
to return unused cryogenic liquid and a delivery line 
115 leads from the discharge side of the pump and con 
nects to the supply line 108 to the headers. The amount 
of liquid ?ashing to gas is related to the product ?ow 
rate through the process chamber and this amount 
must be constantly made up in order to sustain the 
spray discharge ?ow rate. A line 116 is shown which 
leads from a cryogenic liquid supply tank (not shown) 
exterior to the system, the line 116 having a solenoid 
control valve 116V and extending through the exit 
spool 107 to open directly into the collector pan 110 
for supplying to make up liquid. Since the pressure at 
this external source and acting in the line 116 normally 
is greater than the pressure acting on the headers, the 
release of the make up liquid is accompanied by more 
pronounced ?ashing to vapor. The latent energy re 
lease associated with the pressure transition at the 
point of liquid release and evidenced by direct ?ashing 
to vapor is utilized in the present arrangement by con 
necting the make up line to empty at a point directly 
within the process chamber. 
The process chamber 101 is shown provided with in 

ternal housing structure to define a first set of opposed 
transversely spaced high pressure and low pressure 
plenum chambers 117 and 118, respectively, adjacent 
and ?anking the process path along the upstream end 
of the process chamber and a second set of opposed 
transversely spaced high pressure and low pressure 
plenum chambers 119 and 120, respectively, adjacent 
and ?anking the process along an intermediate region 
of the process chamber. In the case ofthe upstream set, 
the high pressure chamber 117 is provided with an 
array of control nozzles, as represented at l17N, and 
the low pressure chamber 118 is provided with a corre 
sponding array of receiver openings 118R collectively 
to define a gas recirculation ?ow path that is oriented 
substantially transversely of the upstream end of the 
process path as represented by the ?ow arrows 121. 
correspondingly, the high pressure chamber 119 of the 
intermediate set is provided with an array of control 
nozzles, as represented at 119N, and the low pressure 
chamber 120 is provided with a corresponding array of 
receiver openings 120R which define a gas recircula~ 
tion ?ow path also oriented approximately transversely 
of the process path but moving in an opposite side to 
side direction, as represented by the ?ow arrows 122, 
to provide impingement against an opposite region of 
the articles as they progress along the process path. 
A gas recirculation system is associated with the en 

trance spool 106 and includes an externally mounted 
fan 123 powered by a drive motor 124 and having a dis 
charge conduit 123D extending laterally through the 
wall of the spool immediately adjacent the end of the 
hollow housing structure 100 and a suction conduit 
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1238 which, as best shown in FIG; 3, extends partway 
internally of the spool 106 and emerges laterally at a 
lower elevation. It will be noted that the discharge con 
duit 123D from this gaseous recirculation system 
branches to feed an exhaust conduit 126 that is 
equipped with a damper type control valve 127 to re 
late the rate of release of exhaust gas to the rate at 
which liquid ?ashes to gas within the process chamber 
for maintaining desired temperature and pressure bal~ 
ance within the system. In the disclosed arrangement, 
the process chamber is maintained substantially at at 
mospheric pressure and the control of the exhaust rate 
may be accomplished either by regulating with pressure 
as a reference, though this requires unduly sensitive 
equipment, or by regulating with temperature as a ref 
erence. 

A corresponding gas recirculation system is provided 
at the discharge end of the process chamber and in 
cludes an externally mounted recirculation fan 128 
powered by a drive motor 129 with the fan having its 
discharge conduit 128D entering laterally through the 
exit spool 107 and having its suction conduit 128$ ar 
ranged partly in the spool and exiting at a lower eleva 
tion. 
The plenum chambers 119 and 120 which constitute 

the intermediate set have masked wall regions 119W 
and 120W ?anking the liquid spray discharge area and 
opening into the exit spool 107 to communicate with 
the discharge and suction conduits from the fan 128. 
Similarly, the plenum chambers 117 and 118 of the up 
stream set open into the entrance spool 106 and com 
municate with the discharge and suction conduits of its 
recirculation fan 123. 
A high velocity gaseous curtain is provided across the 

mouth of each spool 106 and 107 by arranging the 0p 
posite internal face portions of each spool with suitable 
opposed openings to effect a continuous gas flow pat 
terns directed laterally adjacent to the mouth region. 
These curtains serve to exclude ambient atmosphere 
from the process chamber and they are particularly ef 
fective where the process chamber is operating at or 
near atmospheric pressure. 

In the arrangement shown in FIGS. 1 to 3, the fact 
that gaseous nitrogen is withdrawn upstream, through 
the exhuast conduit 126 at the inlet end, and the fact 
that fresh gaseous nitrogen is introduced downstream, 
by virtue of the liquid flashing to gas at this region, re 
sults in a temperature pro?le wherein heat exchange 
between the cryogenic ?uid and the product is opti 
mized. In general, arrows 131 adjacent the upstream 
end of the spray discharge pattern indicate the manner 
in which the freshly released gas joins in the transverse 
?ow pattern developed by the intermediate set of 
plenum chambers 119 and 120. Arrows 132 bridge the 
high pressure chamber 119 of the intermediate set with 
the low pressure chamber 118 of the upstream set so 
that there is a gradual transfer of gaseous nitrogen to 
wards the upstream end of the process chamber. 
Optimum heat transfer is effected because the prod 

uct. when at its warmest state, is exposed to gas at its 
warmest state within the system; the product when par 
tially cooled is exposed to colder gas; and the product 
when further cooled is exposed to cryogenic liquid to 
complete the process. 
For purposes of illustrative disclosure, typical values 

are given for operating the ?ash freezer apparatus in a 
practical application involving ?ash freezing of bakery 
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6 
goods at a rate of 2,500 lbs. per hour. The delivery line 
115 from the cryogenic pump 112 handles a rated ?ow 
of 5,100 lbs. per hour of cryogenic liquid supplied at a 
pressure of 6 psi to be spray discharged in distinct wide 
angle spray patterns by the precision nozzles 109 
which, by way of example, may have a Vs inch diameter 
ori?ce and be of the type identified as No. l8B5-5W of 
Spraying Systems Co. 
For bakery goods, the system utilizes about one 

pound of liquid nitrogen for each pound of product. In 
the example, 2,500 pounds of product are processed 
per hour so liquid ?ashes to gas at the spray discharge 
region at a rate of about 2,500 pounds per hour. The 
excess is collected in the tray 110 and is drained back 
to the sump provided by the external dewar 111. Fresh 
liquid nitrogen is supplied through the make up line 
116 which enters through the exit spool 107 and opens 
directly into the tray 110. The average rate of make up 
liquid entry is therefore 2,500 pounds per hour, and 
this liquid also drains intovthe sump after its release at 
a point within the chamber. 
The temperature of the entering cryogenic liquid is 

about -—320°F. The ?ow volume of the gas recirculation 
stream between the intermediate set of plenum cham 
bers 119 and 120 is about 1,000 cubic feet per minute 
and the gas temperature is about —200°F. The gas recir 
culation fan 123 for the upstream set of plenum cham 
bers 117 and 118 also has a ?ow volume of 1,000 cubic 
feet per minute and at this region the gas is at a temper 
ature of —l00°F. A typical value for the drawoff 
through the exhaust conduit 126 is about 390 cubic 
feet per minute at a temperature of—-l 00°F. The stream 
velocity across the intermediate set of plenum cham 
bers is 3,000 feet per minute and the stream velocity 
across the upstream set of plenum chambers is some 
what less. The total mass flow rate of the gas in these 
transverse flow streams is substantially greater than the 
mass rate of liquid ?ashing to gas in the chamber. 
The high volume, high velocity per recirculation cre 

ates turbulence at the surface of the product or article 
and effects better heat transfer. Transverse ?ow is 
more efficient as it is easier to achieve high volume and 
high velocity and it affords a better angle of impinge 
ment upon the product. - 

In the disclosed embodiment, liquid nitrogen is 
pumped to the spray headers 108U and 108L in a satu 
rated liquid state (all liquid and no gas); the amount of 
liquid nitrogen sprayed on the product is excess (two 
to three times as much) of what is actually required to 
freeze the product; and the excess amount is collected 
and recirculated back to the spray headers. The spray 
technique used progressively and repeatedly wipes the 
surface of the product with liquid nitrogen droplets to 
promote rapid heat transfer. The gas generated on the 
surface of the product in the freezing process is pene 
trated by the liquid nitrogen droplets which leave the 
spray nozzles with adequate velocity for this purpose. _ 
An accurate metering ofliquid nitrogen to the system 

is not required. The liquid nitrogen level in the exterior 
sump provided by the dewar 111 is controlled by a sim 
ple on-off liquid level controller 111C. As liquid nitro 
gen is consumed in the freezing process, the level of liq 
uid in the sump will drop and additional liquid is added 
to the system. Without a liquid recirculating system 
such as disclosed herein, the precise amount of liquid 
nitrogen must be added to perform the freezing opera 
tion. If an excess is added, inefficient operation will re 
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sult. If too little is added, the product will not be prop 
erly frozen. The progressively deposited, full coverage 
high velocity spray technique results in very rapid heat 
transfer between the product and the liquid nitrogen. 
This results in high production for a relatively small 
unit. Since the heat transfer loss from a freezer unit to 
the surrounding atmosphere is a relatively fixed 
amount for a given size unit, the unit with the higher 
production rate can pro-rate this loss over a larger 
amount of product processed. 
The entrance and exit conveyors 103 and 104 are 

housed in insulating ducting providing an entrance tun 
nel 133 and an exit tunnel 134. Each of these tunnels 
angles upwardly in a direction away from the process 
chamber and is maintained ?lled with cold gaseous ni 
trogen (which is much denser than ambient air). The 
process chamber is operated at slightly greater than at 
mospheric pressure to promote ?ow or exfiltration of 
gaseous nitrogen outwardly through each tunnel. This 
exfiltration is arranged effectively to exclude entry of 
ambient air and also provides pre-cooling in the case of 
the entrance tunnel 133 and post-cooling in the case of 
the exit tunnel 134. The product which .has just been 
deeply frozen by the liquidnitrogen at the downstream 
end of the process chamber 101 may achieve thermal 
equilibration during the post-cooling process in the exit 
tunnel. 
The nozzles 117N and 119N are individually rotat 

able structures to give some axial adjustment of the di 
rection path of the recirculated gaseous stream. By 
proper adjustment of these nozzles, the exfiltration 
?ows through the tunnels may be balanced or may be 
otherwise set up according to individual needs. 
Thus, while preferred constructional features of the 

invention are embodied in the structure illustrated 
herein, it is to be understood that changes and varia 
tions may be made by those skilled in the art without 
departing from the spirit and scope of the appended 
claims. 
What is claimed is: 
1. Apparatus for ?ash freezing of articles comprising 

housing means defining a substantially thermally iso 
lated process chamber, means including a conveyor op 
erating in said chamber for transporting articles in suc 
cession along a process path leading into, through and 
out of said chamber, means including spray nozzle 
mechanism mounted within said chamber for directing 
a spray discharge of liquid nitrogen against each article 
at a certain region along said process path to ?ash at 
least partially to gas for freshly generating gaseous ni 
trogen within said chamber, pumping means operable 
concurrently with the spray discharge means and hav 
ing a suction inlet and a discharge outlet communicat 
ing with generally transversely spaced lengthwise dis 
tributed locations flanking another region along said 
process path to develop high velocity stream ?ow trav 
eling a generally transverse recirculation ?ow path dis 
tributed lengthwise through said chamber to impinge 
upon each article moving thereby, said stream ?ow 
being comprised partly of recirculated gaseous nitro 
gen and partly of freshly generated gaseous nitrogen, 
and means for withdrawing gaseous nitrogen from the 
apparatus at a rate for maintaining atmospheric pres 
sure substantially throughout the remainder of said 
chamber. 

2. Apparatus for ?ash freezing of articles comprising 
housing means defining a substantially thermally iso 
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8 
lated process chamber, means including a conveyor op 
erating in said chamber for transporting articles in suc 
cession along a process path leading into, through and 
out of said chamber, means including spray nozzle 
mechanism mounted within said chamber for directing 
a spray discharge of cryogenic liquid against each arti 
cle at a certain region along said process path to ?ash 
at least partially to gas for freshly generating gas within 
said chamber, elongated internal housing means 
mounted in said chamber adjacent another longitudinal 
region of the process path and providing first and sec 
ond plenum chambers ?anking the last named region 
and having a multiplicity of lengthwise distributed 
openings communicating with generally transversely 
opposing regions bordering the process path, pumping 
means operable concurrently with the spray discharge 
means and having a suction inlet communicating with 
the first plenum chamber and a discharge outlet com 
municating with the second plenum chamber to de 
velop high velocity gas stream ?ow traveling along a re 
circulation ?ow path leading from the second chamber 
to the first chamber and generally transversly intersect 
ing the process path, along a region which extends for 
a substantial distance lengthwise of said process path 
and means for withdrawing gas from the apparatus at 
a rate for maintaining atmospheric pressure substan 
tially throughout the remainder of said chamber, 

3. Apparatus for ?ash freezing of articles comprising 
housingvmeans defining a substantially thermally iso 
lated process chamber, means including a conveyor 
within said chamber for transporting articles in succes 
sion along a process path leading into, through and out 
of said chamber, means including spray nozzle mecha 
nism mounted within said chamber for directing a spray 
discharge of liquid nitrogen against each article at a 
downstream region along said process path to ?ash at 
least partially to gas for freshly generating gaseous ni 
trogen within said chamber, pumping means operable 
concurrently with the spray discharge means and hav 
ing a suction inlet and a discharge outlet communicat~ 
ing with generally transversely spaced lengthwise loca 
tions ?anking a downstream region along the process 
path to develop high velocity stream flow traveling a 
transverse recirculation ?ow path distributed length 
wise through said chamber to impinge upon each arti 
cle moving thereby, said stream ?ow being comprised 
partly of recirculated gaseous nitrogen and partly of 
freshly generated gaseous nitrogen, and means for 
withdrawing gaseous nitrogen from the apparatus at a 
rate for maintaining atmospheric pressure substantially 
throughout the remainder of said chamber. 

4. Apparatus for ?ash freezing of articles comprising 
hollow housing structure defining a substantially ther 
mally isolated process chamber having spaced apart 
upstream and downstream ends, an open mesh con 
veyor operating in said chamber for transporting arti 
cles in succession along a process path leading from the 
upstream end to the downstream end, a transfer con 
veyor leading to the upstream end of said open mesh 
conveyor, a transfer conveyor leading from the down 
stream end of the open mesh conveyor and means for 
preventing entrance of ambient air into said process 
chamber and including a separate tunnel enveloping 
each transfer conveyor and providing ex?ltration ?ow 
of gaseous nitrogen from said chamber to ambient, 
means including spray nozzle mechanism mounted 
Within said chamber for directing a spray discharge of 
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liquid nitrogen generally vertically through said con 
veyor and against each article at a downstream region 
along said process path to ?ash at least partially to gas 
for freshly generating gaseous nitrogen within said 
chamber, pumping means operable concurrently with 
the spray discharge means and having a suction inlet 
and a discharge outlet communicating with generally 
transversely spaced lengthwise distributed locations 
?anking another region along the process path to de 
velop high velocity stream flow traveling a generally 
transverse recirculation ?ow path distributed length 
wise through said chamber to impinge upon each arti 
cle moving thereby, said stream ?ow being comprised 
partly of recirculated gaseous nitrogen and partly of 
freshly generated gaseous nitrogen, and means for 
withdrawing gaseous nitrogen from the apparatus at a 
rate for maintaining atmospheric pressure substantially 
throughout the remainder of said chamber. 

5. The method of freezing articles including the steps 
of introducing the articles in succession into a freezing 
chamber, moving the articles in succession along a flow 
path leading through and out of the chamber, forming 
a high velocity stream ?ow distributed lengthwise along 
the chamber and comprised of a mixture of recycled 
nitrogen gas and freshly generated nitrogen gas and im 
pinging the lengthwise distributed stream flow in a gen 
erally transverse direction against each article when at 
an upstream region of the flow path, thereafter imping— 
ing each article with a liquid nitrogen spray discharge 
at a downstream region of the flow path to ?ash at least 
partly to vapor and produce freshly generated nitrogen 
gas within the chamber for mixture with the recycled 
nitrogen gas, and discharging some of the nitrogen gas 
after article impingement travel in the stream for main 
taining substantially atmospheric pressure in the cham— 
bet. 

6. The method of ?ash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting each article along a process path leading 
into, through and out of the chamber, directing a spray 
discharge of liquid nitrogen against each article when 
within the chamber at a region along said path to flash 
at least partially to gas for generating fresh gaseous ni 
trogen within said chamber, drawing off gaseous nitro 
gen from said chamber at lengthwise distributed loca 
tions bordering another region along the process path 
and returning some of the drawn off gaseous nitrogen 
to the chamber at correspondingly lengthwise distrib 
uted locations oppositely bordering the process path to 
maintain a lengthwise distributed high velocity stream 
flow that operates concurrently with the spray dis 
charge of liquid nitrogen and that is comprised partly 
of returned gaseous nitrogen and partly of freshly gen 
erated gaseous nitrogen and that flows generally trans 
versely to the direction of the process path at said an 
other region to impinge upon each article as it passes 
the last named region, and discharging some of the gas 
eous nitrogen in said stream for maintaining atmo 
spheric pressure substantially throughout the remain 
der of said chamber. ' 

7. The method of ?ash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting each article along a process path leading 
into, through and out of the chamber, directing a spray 
discharge of liquid nitrogen against each article when 
within the chamber at a region along said path to flash 
at least partially to gas for generating fresh gaseous ni 
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trogen within said chamber, drawing off gaseous nitroa 
gen from said chamber at lengthwise distributed loca 
tions bordering another region of the process path and 
returning some of the drawn off gaseous nitrogen to the 
chamber at correspondingly lengthwise distributed lo 
cations oppositely bordering the process path, said re 
turning gaseous nitrogen traveling at a mass ?ow rate 
greater than the mass rate of generation of fresh gase 
ous nitrogen to maintain a lengthwise distributed high 
velocity stream ?ow that operates concurrently with 
the spray discharge of liquid nitrogen and that is com 
prised partly of returned gaseous nitrogen and partly of 
freshly generated gaseous nitrogen and that flows gen 
erally transversely to the direction of the process path 
at said another region to impinge upon each article as 
it passes the last named region and discharging some of 
the drawn off gaseous nitrogen after article impinge 
ment travel thereof in said stream for maintaining at 
mospheric pressure substantially throughout the re 
mainder of said chamber. 

8. The method of ?ash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting each article along a process path leading 
into, through and out of the chamber, directing a spray 
discharge of liquid nitrogen against each article when 
within the chamber at a downstream region along said 
path to flash at least partially to gas for generating fresh 
gaseous nitrogen within said chamber, drawing off gas 
eous nitrogen from said chamber at lengthwise distrib 
uted upstream locations bordering the process path and 
returning some of the drawn off gaseous nitrogen to the 
chamber at lengthwise distributed upstream locations 
oppositely bordering the process path to maintain a 
lengthwise distributed high velocity stream flow operat 
ing concurrently with the spray discharge of liquid ni 
trogen and impinging upon each article at an upstream 
region along the process path and that is comprised 
mainly of returned gaseous nitrogen and partly of 
freshly generated gasious nitrogen, and discharging 
some of the drawn off gaseous nitrogen after article im 
pingement travel thereof in said stream for maintaining 
atmospheric pressure substantially throughout the re 
mainder of said chamber. 

9. The method of flash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting each article along a process path leading 
into, through and out of the chamber, directing a spray 
discharge of liquid nitrogen against each article when 
within the chamber at a downstream region along said 
path to ?ash at least partially to gas for generating fresh 
gaseous nitrogen within said chamber, drawing off gas 
eous nitrogen from said chamber at lenghtwise distrib 
uted upstream locations bordering the process path and 
returning some of the drawn off gaseous nitrogen to the 
chamber at lengthwise distributed upstream locations 
oppositely bordering the process path to maintain a 
lengthwise distributed high velocity stream flow that 
operates concurrently with the spray discharge of liq 
uid nitrogen that is comprised partly of returned gase 
ous nitrogen and partly of freshly generated gaseous ni 
trogen and that ?ows generally transversely to the di 
rection of the process path between said upstream loca 
tions therealong to impinge upon each article as it 
passes the last named region, and discharging some of 
the gaseous nitrogen in said stream for maintaining at 
mospheric pressure substantially throughout the re 
mainder of said chamber. ‘ 
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10. The method of ?ash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting each article along a process path leading 
into, through and out of the chamber, directing a spray 
discharge of liquid nitrogen against each article when 
within the chamber at a downstream region along said 
path to ?ash at least partially to gas for generating fresh 
gaseous nitrogen within said chamber, drawing off gas 
eous nitrogen from said chamber at lengthwise distrib 
uted upstream locations bordering the process path and 
returning some drawn off gaseous nitrogen to the 
chamber at lengthwise distributed upstream locations 
oppositely bordering the process path, said returning 
gaseous nitrogen traveling at a mass ?ow rate greater 
than the mass rate of generation of fresh gaseous nitro 
gen to maintain a high velocity stream flow that oper 
ates concurrently with the spray discharge of liquid ni 
trogen and that is comprised partly of returned gaseous 
nitrogen and partly of freshly generated gaseous nitro 
gen and that flows generally transversly to the direction 
of the process path between said upstream locations 
therealong to impinge upon each article as it passes the 
last named region and discharging some of the drawn 
off gaseous nitrogen after article impingement travel 
thereof in said stream for maintaining atmospheric 
pressure substantially throughout the remainder of said 
chamber. 

11. The method of flash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting the articles to be frozen along a process 
path in the chamber, introducing liquid nitrogen into 
the chamber. converting the liquid nitrogen into gase 
ous nitrogen within the chamber by contacting the liq 
uid with the articles at a region along said path, dis 
charging gaseous nitrogen from the chamber in a rela— 
tionship to produce and maintain an environment of 
gaseous nitrogen along the process path through which 
path the articles to be frozen must travel, and while 
such articles are along said path contacting each article 
with a continuously moving ?ow stream of commingled 
gases comprised partly of gas freshly generated within 
the chamber by article contact of liquid nitrogen and 
partly of gas reclaimed after previous article contacting 
travel, said stream of commingled gases ?owing gener 
ally transversely of the article process path, being dis 
tributed over a substantial distance lengthwise of said 
process path, and having a mass ?ow rate substantially 
greater than the mass rate of vaporization of liquid ni 
trogen in the chamber. 

12. The method of ?ash freezing articles in a substan 
tially thermally isolated chamber including the steps of 
transporting each article along a process path through 
the chamber, spraying liquid nitrogen against each arti 
cle at one region along said path within the chamber to 
?ash the liquid nitrogen at least partially to gas and 
generate fresh gaseous nitrogen within the chamber, 
creating a high velocity flow of gaseous nitrogen gener 
ally transverse to the direction of the process path 
across a second region which region extends for a sub 
stantial distance lengthwise of said process path by 
withdrawing gaseous nitrogen after it flows across said 
second region from a location bordering the process 
path in said second region and returning at least some 
of the withdrawn gaseous nitrogen at a location gener 
ally bordering the opposite side of the process path in 
said second region, said high velocity ?ow of gaseous 
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nitrogen being comprised partly of returned gaseous 
nitrogen and partly of freshly generated gaseous nitro 
gen from said one region, and discharging some gase 
ous nitrogen from said chamber to cause said freshly 
generated gaseous nitrogen to ?ow toward said loca 
tion where gaseous nitrogen is withdrawn from said 
chamber. 

13. Apparatus for ?ash freezing of articles compris 
ing insulated housing structure defining a substantially 
thermally isolated process chamber, means for trans 
porting articles along a process path extending through 
said chamber, and cooperating means for introducing 
liquid nitrogen into the chamber, converting the liquid 
nitrogen into relatively cold gaseous nitrogen within 
the chamber and discharging relatively warm gaseous 
nitrogen from the chamber in a relationship to produce 
and maintain a freezing environment of gaseous nitro 
gen in the chamber, said cooperating means including 
means for contacting liquid nitrogen with each article 
along a certain path region in said chamber to vaporize 
and freshly generate relatively cold gaseous nitrogen in 
said chamber, elongated internal wall means mounted 
in said chamber adjacent another longitudinal region of 
the process path to provide first and second plenum 
chambers ?anking the last named region and having a 
multiplicity of lengthwise distribopenings communicat 
ing with generally transversely opposing chamber posi 
tions bordering said last named region and gas pumping 
means having a suction inlet communicating with the 
first plenum chamber and a discharge outlet communi 
cating with the second plenum chamber to develop a 
relatively high velocity gaseous nitrogen stream travel~ 
ing along a recirculation flow path leading from the 
openings of the second chamber to the openings of the 
first chamber and generally transversely intersecting 
the process path, said streams being comprised partly 
of recirculated gaseous nitrogen and partly of freshly 
generated gaseous nitrogen. 

14. Apparatus for flash freezing articles comprising 
a substantially thermally isolated chamber, conveyor 
means for transporting articles along a process path 
through the chamber, means for spraying liquid nitro 
gen against each article at one region along said path 
within the chamber to flash the liquid nitrogen at least 
partially to gas and generate fresh gaseous nitrogen 
within the chamber, means for creating a high velocity 
?ow of gaseous nitrogen generally transverse to the di 
rection of the process path across a second region 
which region extends for a substantial distance length 
wise of said process path, said ?ow-creating means in 
cluding blower means, suction inlet means at a location 
bordering the process path in said second region for 
supplying freshly generated gaseous nitrogen and gase 
ous nitrogen having ?owed across said second region to 
said blower means and outlet means at a location gen 
erally bordering the opposite side of the process path 
in said second region for returning at least some of the 
gaseous nitrogen from said blower means to said pro 
cess path, said high velocity flow of gaseous nitrogen 
being comprised partly of returned gaseous nitrogen 
and partly of freshly generated gaseous nitrogen from 
said one region, and means for discharging some of the 
gaseous nitrogen from said chamber to cause said 
freshly generated gaseous nitrogen to ?ow toward said 
suction inlet means. 


