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The present invention relates to a refrigeration system 
employing as refrigerant a lique?ed gas having a low 
boiling point such as lique?ed nitrogen, and more par 
ticularly to an improved method and apparatus for pre 
serving frozen and perishable goods such as food prod 
ucts during storage and transportation from place to 
place: for example, by various transport means such as 
motor trucks, ships, airplanes, and railroad cars. 

Lique?ed gas refrigeration systems have been pro 
posed :before. However, known lique?ed gas refrigera 
tion systems have not attained wide acceptance because 
of certain limitations. One of these systems employs 
liquid nitrogen distributed by a spray header disposed 
along the ceiling of a cold storage compartment in a 
truck for transporting food products. The liquid nitrogen 
header is provided with a series of spaced openings and 
is in communication with a supply of liquid nitrogen via 
a conduit having a temperature controlled valve dis 
posed therein. When a predetermined temperature is 
sensed ‘by the valve control, the valve opens, releasing 
nitrogen in the form of vapor, or mixed vapor and liquid, 
which falls from the header upon the food or other re 
frigerated products stored in the compartment thereby 
cooling them and the atmosphere of the compartment. 
Although this known system quickly cools the compart 
ment, the very cold liquid nitrogen particles (approxi 
mately -32‘0° F.) in the spray will cause damage to 
certain perishable food products such as lettuce due to 
freezing action. Moreover, this prior vart system is in 
herently somewhat dangerous as the truck operator may 
he in the storage compartment at the precise time the 
very cold liquid nitrogen is being sprayed from the 
header. As nitrogen at this very low temperature in con 
tact with the skin can cause severe injury and as nitrogen 
vapor will not support life it is apparent that there are 
certain disadvantages in the use of such a ‘system. Al 
though additional controls may be provided to prevent 
opening ‘of the valve when the compartment is occupied 
by a person, substantial additional cost is entailed and 
nonetheless, there is still the possibility that a component 
will fail under conditions resulting in bodily injury. 
Moreover, if an additional door control is added for 
safety reasons, opening of the compartment door will 
‘temporarily disable the refrigeration system even if more 
cooling is required to preserve the quality of the food at 
that time. 

Systems for controlling the moisture content in the in 
sulation of cold storage rooms by passing cooled air be 
tween inner and outer spaced wall surfaces of the cold 
storage room are known. Examples of such systems are 
disclosed in United States Letters Patent 2,485,630; and 
2,623,364, granted to C. G. Munters. The present in 
vention discloses a method and apparatus combining cer 
tain features of the aforementioned systems with newly 
discovered modi?cations to provide an improved lique?ed 
gas refrigeration system in which cooling is achieved by 
passing cold vapor between inner and outer spaced wall 
surfaces of a ‘refrigerated compartment thereby eliminat 
ing the necessity for spraying or direct injection of cold 
liquid refrigerant into the compartment and the resulting 
danger of bodily injury or damage to food products. 

It is therefore an important object of the invention to 
provide an improved apparatus and method for refriger 
ating a storage compartment by passing cold vapor 

10 

15 

30 

45 

50 

55 

60 

65 

70 

1 3,241,329 
Patented Mar. 22, 1966 rice 
2 

through passages in its heat insulated walls to cool the 
compartment. 
A further object is to provide improved lique?ed gas 

refrigeration apparatus including means for rapidly chill 
ing a storage compartment. 
Another object is to provide improved refrigeration 

apparatus including means for providing an inert atmos 
phere for a refrigerated compartment. 
A further object is to provide an improved lique?ed 

gas refrigeration system including means for eliminating 
the accumulation of moisture in the insulation by passing 
dry vapor through passages in the heat insulated Walls 
of the system. 

Still another object of the invention is to provide an 
improved method for refrigerating a compartment in 
cluding steps of vaporizing cold lique?ed gas, and pass 
ing cold vapor through heat exchange apparatus in ef 
?cient heat transfer relationship with the refrigerated 
compartment. 
A still further object is to provide an improved liquid 

nitrogen refrigeration system which takes full advantage 
of both the latent heat and the sensible heat of the nitro~ 
gen during cooling for optimum ef?ciency. 

Still another object is to provide an improved liquid 
nitrogen refrigeration system adapted for use in refriger 
ated containers transportable by motor truck, rail car, 
airplane or ship. 
A further object is to provide an improved refriger 

ated container adapted for use in a cold lique?ed gas 
refrigeration system. 

Another object is to provide an improved refrigerated 
container system adapted for use on seagoing vessels. 

Still another object is to provide an improved refrigera 
tion system ‘for use on local delivery trucks. 

Brie?y stated, and exempli?ed in an illustrated embodi 
ment of the present invention, there is provided a liquid 
nitrogen refrigeration system comprising a refrigerated 
compartment having heat insulated wall portions includ 
ing a network of vapor channels formed therein for pas 
sage of cold vapor. One or more wall, ceiling or ?oor 
surfaces of the refrigerated compartment is in heat trans 
fer relationship with certain of the channels. Associated 
in e?icient heat transfer relation with the compartment 
is a vaporizer for vaporizing cold lique?ed gas, which is 
in communication with the network of vapor channels 
vand which is adapted for communication with a vessel of 
cold lique?ed gas. 

In the system there is an adjustable temperature con 
trol means which may be set at a predetermined desired 
temperature level. The control means is operated by 
vapor pressure generated in the refrigeration system elim 
inating the need for an external power ‘source to operate 
the control means. The control means is so arranged 
that when the temperature within the compartment rises 
above the predetermined and pre-set level, a sensing 
means, forming part of the control means, senses this 
temperature rise and through the operation of the control 
means causes a valve to open. On opening of the valve, 
cold liquid and/ or cold vapor from the vessel of lique?ed 
gas, due to pressure in the vapor space of the vessel, will 
enter the vaporizer and cold vapor will be released from 
the vaporizer outlet and pass into the connected end of 
the network of vapor channels or passages to cool the 
compartment. The cold vapor will continue to flow 
through the passages and ultimately out the end of the 
network connected to atmosphere due to pressure differen 
tials along the passages, until suf?cient heat has been 
extracted from the compartment and its contents to cause 
the temperature to again drop to the predetermined level. 
When this predetermined temperature level is sensed by 
the sensing means, the control means actuates closing of 
the valve and temporarily interrupts ?ow of cold vapor. 
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Cold liquid ?ow to the vaporizer will also cease due to 
the increase in pressure in the vaporizer on closing of 
the valve. As the temperature again rises, this temper 
ature increase is sensed causing the system cycle to repeat, 
and thus the temperature is continuously maintained at 
the desired level. It will 'be apparent that the flow of cold 
vapor in the passages in the walls around the shipping 
container compartment forms a heat sink shield for 
thorough protection of the refrigerated contents of the 
compartment although the network of passages is nor 
mally isolated from ?uid communication with the com 
partment. 
The invention, both as to its organization and method 

‘of operation, together with further objects and advan 
tages, will best be understood by reference to the follow 
ing description taken in connection with the accompany 
ing drawings in which: 

FIG. 1 illustrates a diagrammatic View of an embodi 
ment of the invention, partially in perspective, and partial 
ly in section and broken away to illustrate details; 

FIG. 2 is a fragmentary sectional view in perspective 
of a portion of the wall of the refrigerated container 
shown in FIG. 1; 

FIG. 3 is a fragmentary sectional plan view of the re 
frigerated container shown in FIG. 1, partially broken 
away to show details; 

FIG. 4 is a fragmentary sectional view of a portion of 
the vaporizer of FIG. 1; taken along the line 4—4 of 
FIG. 1; 

FIG. 5 is a fragmentary sectional view of a portion of 
the vaporizer of FIG. 1 taken along the line 5—-5 of 
FIG. 1; 
FIG. 6 is a fragmentary plan view, partly in section, 

of a multiple refrigerated container system suitable for 
a seagoing ship; and 
FIG. 7 is a perspective view, partially broken away, 

showing an embodiment of the invention adapted for 
use on a motor truck. 

Referring now to the drawings, and particularly to 
FIGS. 1, 2 and 3, the present invention is illustrated em 
bodied in a refrigerated container 10 which in one form 
may be adapted for transport by motor truck, rail car, 
plane, or on a seagoing ship. The refrigerated container 
10 may take the form of a rectangular box-like structure 
as shown in FIG. 1 having an external sheathing 11 
which may be of sheet metal such as aluminum, enclosing 
and spaced from internal wall means 12 having et?cient 
heat transfer characteristics, which may advantageously 
be of sheet metal such as aluminum or steel, forming a 
refrigerated compartment 13. The compartment 13 is 
adapted for storage and transport of food or other prod 
ucts requiring refrigeration, and is provided with a suit 
able door 9 (FIG. 3) at one end for access purposes. 
The external sheath 11 and the internal wall structure 
12 are spaced apart by suitable heat insulation 14 which 
may advantageously be an insulating material such as poly 
styrene or polyurethane or a combination of insulations. 
As shown in FIG. 2 the insulation 14 includes a layer 
of polystyrene 15, and a layer of polyurethane 16. A 
suitable vapor barrier 18 of asphalt backed up by alu 
minum foil or equivalent may advantageously be pro 
vided between the sheathing 11 and the insulation 14.. 
The refrigerated container 10 includes apparatus for 

e?ecting refrigeration of the compartment 13 comprising 
an insulated low boiling point lique?ed gas supply con 
tainer 20 which includes an inner vessel 21 which is sus 
pended or otherwise supported within an external casing 
22 providing an insulating space completely surrounding 
the inner vessel which space may be under vacuum and 
?lled with insulating material of a character that is very 
effective for reducing the ?ow of heat to the cold body 
of lique?ed gas 24 disposed within the inner vessel. The 
body of lique?ed gas 24- may advantageously be in the 
form of liquid nitrogen which has a temperature of ap 
proximately —320° F. The inner vessel 21 may also 
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be provided with the customary liquid level test con— 
nections, and relief valves which are not shown in the 
interest of clearness of the drawings. 
The refrigeration apparatus includes means forming a 

heat exchanger 30 (FIG. 1) for cooling the refrigerated 
compartment 13 comprising a vaporizer 25 in communi— 
cation with the body of cold liquid in vessel 21 via a 
suitably insulated line 26, and a network 31 (FIGS. 1-4) 
of long connected spaces formed in the insulation in the 
walls, ceiling and floor of compartment 13, in heat trans 
fer relation with them, connected in series with vaporizer 
25 via a line 27. The vaporizer 25 may advantageously 
be mounted in the ceiling of compartment 13 (FIGS. 
1 and 4) and therefore has a wall portion in efficient 
heat transfer relationship with compartment 13. Line 26, 
connecting vessel 21 to vaporizer 25, may advantageously 
be provided with a liquid shut-off valve 29. The vap 
orizer 25 may be fabricated from aluminum or other suit 
able material and is connected to receive ?uids, consist 
ing of liquid nitrogen and nitrogen vapor, directly from 
the vessel 21 via line 26. The vaporizer 25 may advan 
tageously be constructed with liquid line 26 entering its 
upstream end and with line 26 having a portion or inner 
conduit 26a thereof extending substantially to the fur 
ther end of the vaporizer 25 so that cold vapor evolved 
from the liquid in the vessel 21 and vaporizer 25 can only 
exit from the vaporizer 25 and enter spaces 31 by Way of 
an outlet line 27 connected at the same end of the vap 
orizer 25 as the inlet of the liquid line 26. Therefore, 
liquid must travel the length of the line 26 and out 
through portion or inner conduit 26a before it can enter 
the outer conduit of the vaporizer 25. For this reason 
liquid entering vaporizer 25 is substantially vaporized be 
fore it leaves the vaporizer 25. 
The system of the present invention includes means to 

ensure that under heavy demand conditions excess 
amounts of liquid nitrogen are not released into the net 
work of channels 31, comprising a ball type ?oat valve 25a 
shown in FIG. 5 which is mounted within vaporizer 25 
in a suitable cage 25b directly below the entrance to 
vapor outlet line 27. Relatively large quantities of liquid 
received within vaporizer 25 will cause ball valve 25a 
to ?oat upward until it seals off outlet 27. Therefore, 
no liquid can enter the vapor outlet line 27 or the net 
work of vapor spaces 31 downstream thereof. Closing 
of outlet 27 by ball valve 25a will cause pressure to 
build up in vaporizer 25 and force liquid back to the 
vessel 21, eventually causing valve 25a to drop back into 
cage 25b, permitting cold vapor to escape from vaporizer 
25 via now open line 27. This feature positively pre 
vents undue use of liquid gas under excess demand condi 
tions and prevents carry over of liquid nitrogen into the 
channels. 
The system of FIG. 1 includes means for controlling 

the passage of cold vapor through the heat exchanger 
comprising a pneumatic or ?uid pressure operated con 
troller 40 including temperature sensing means com 
prising a sensing bulb 41 disposed in the compartment 
13 to sense temperature conditions therein, connected to 
controller 40 by a capillary tube 42. A line 43 connects 
the controller 40 to a temperature controlled valve 44 
in the outlet line 27 of the vaporizer 25. The controller 
4MP is operated by vapor pressure generated by the re 
frigeration system of the present invention, and to accom 
plish this is in communication with the vapor space 55 
in vessel 21 by way of lines 56 and 57, a shut-off valve 
58a, and lines 58, 54, and 60. A regulator 61 may be 
disposed in line 56 (FIG. 1) to provide a uniform pres 
sure to operate the controller 40. As the system control 
means comprising controller 40 is thus operated by vapor 
pressure generated by the refrigeration system of the 
present invention, no external power source is required to 
operate the control means. 
A vapor outlet line 27a (FIGS. 1 and 4) extends cen— 

trally of container 10 downstream from valve 44 to a 
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T-connection having outlet branch lines 27b, and 270, 
connecting in turn, to headers 27d and 27e extending 
parallel to the longer side of container 10. The headers 
27d and 27e have a series of spaced vapor openings 27)‘ 
therein, in registration with horizontal grooves in the 
insulation in the ceiling of compartment 13 forming ceil 
ing channels 31a forming part of the network of con 
nected spaces 31. As shown in FIG. 1, the network 31 
of connected spaces includes parallel ceiling channels 31a, 
mentioned above, communicating with vapor openings 
27]‘, and extending transverse to the longer side of con 
tainer 10, vertically extending side wall insulation chan 
nels 31b which carry vapor from the ceiling channels 
31a down below the ?oor level, horizontally extending 
floor insulation channels 310 extending from the respec 
tive channels 31b transversely to a central header 31d 
extending substantially from one end of the container 10 
to a transverse ?oor header 31:: (FIG. 3) at the other end, 
and vertically extending channels 31)‘ in the insulation of 
the end Wall comprising the door 9 (FIG. 3) which com 
municate with vent ?ttings 88 for venting the exhausted 
vapor to atmosphere. As shown and described, the in 
dividual channels 31a, 31b, 31c, 31d, 31c, and 31]‘ are 
generally parallel to adjacent channels and adjacent por 
tions of the walls, ceiling, and ?oor of compartment 13. 
When valve 44 is open, cold vapor passes from vapor 

izer 25 via centrally disposed line 27a, 27b, and 170 and 
transversely via channels 31a across the ceiling, down 
channels 31b to the ?oor portion of container 10, across 
channels 310 to the header 31d, along header 31d to 
header 31a, and up the end wall channels 317‘ and out to 
atmosphere via vent ?ttings 88. The described flow of 
cold vapor, therefore, provides means for intercepting 
heat leakage from the exterior of the container 10 before 
it can enter the compartment 13, and provides a cold 
envelope substantially enclosing the refrigerated compart 
ment 13. The described passage of cold vapor through 
the vapor spaces 31 efficiently cools compartment 13 with 
out resort to a forced circulation of refrigerant over the 
contents of compartment 13. There will, of course, be 
some circulation of the atmosphere within compartment 
13 due to convection currents, but this circulation will be 
of a low velocity non-forced type with substantially no 
drying of the contents of the refrigerated compartment. 

Although the spaces 31 are shown as channels in FIGS. 
1 and 2, it will be appreciated that if desired, the cooling 
effect can be increased by elimination of the ridge of in 
sulation indicated at 19 ('FIG. 2) between adjacent chan— 
nels 31 to provide substantially open spaces around the 
compartment 13. 

In order to facilitate an e?icient and positive trans 
fer of ?uid from the vessel 21 containing the supply of 
liquid nitrogen 24 to the heat exchanger 30, means for 
increasing the pressure on the liquid nitrogen in the ves' 
sel 20 are provided comprising a pressure building coil 
50 (FIG. 1) in communication with the lowest portion 
of the liquid nitrogen inner vessel 21 via a ?ll line 51 and 
a shut-off valve '87, and extending outside the insulated 
shell of container 20 via a coil portion 52 which is ex 
posed directly or indirectly to the heat of the atmosphere. 
The insulation around the lines leading from valves 84 
and 87 to vessel 21 is indicated in broken line in FIG. 1. 
Opening of valve 87 will permit liquid to enter coil por 
tion 52 where it will absorb heat from the atmosphere 
causing the liquid to vaporize, increasing the pressure 
on the liquid 24 in vessel 21. The coil 50 is connected 
to the vapor space 55 in the top of the vessel 21 by coil 
portion 52, and conduit 53. 
The system shown in FIG. 1, although arranged to 

maintain compartment 13 isolated from the cold vapor in 
channels 31 during regular operation of the system to 
ensure against bodily injury and adverse effects to perish 
able food products stored in compartment 13, also in 
cludes means for rapidly cooling compartment 13 com» 
prising a spray header 70, which may advantageously be 
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6 
centrally disposed in an upper portion of the compartment 
13, along its ceiling, which is in communication with the 
vessel 21 via a line 74 connecting to line 26. The spray 
header may advantageously consist of a length of pipe 73 
closed at the downstream end, and including a series of 
spaced openings 72 located over the load space in the com 
partment 13. The line 74 including the spray header is 
provided with a manually operable shut-off valve 75 dis— 
posed outside compartment 13 for controlling the transfer 
of liquid from the vessel to the spray header. The spray 
header is advantageous in that at times it may be de 
sirable to quickly cool compartment 13 to a desired tem 
perature, as for example, when a warm load is placed in 
compartment 13 to be refrigerated. All that is necessary 
for quick cool-down of the load and compartment 13 is 
to open the valve 75 which releases a spray of very cold 
nitrogen liquid and vapor directly over the load causing 
the load and the compartment to quickly cool to a desired 
temperature level. The manual operation and outside 
location of valve 75 ensures that cold nitrogen will not 
be released when the operator is inside compartment 13. 
The cold vapor released into compartment 13 during 
cool-down is passed through the network of cooling pas 
sages 31 before being vented to atmosphere via a line 
70a connecting compartment 13 with line 27a (FIG. 1) 
provided with a check valve 70b. This provides further 
cooling of compartment 13 and e?'iicent use of the cooling 
properties of the cold vapor. 
The system shown in FIG. 1 also includes means for 

providing an inert atmosphere within the refrigerated 
compartment 13. An inert atmosphere is considered ad 
vantageous in preserving certain food stuffs such as lettuce. 
The means for providing this inert atmosphere comprise 
an open ended conduit 50 extending into compartment 13 
which is in communication with the vapor line 27a, and 
which is provided with a manually operable valve 81 
disposed outside compartment 13. Opening of the valve 
81 will release inert nitrogen gas from the open end of 
the conduit 50 which will enter the compartment 13 and 
thus provide the desired inert gas atmosphere. 

Before operation of the present invention, the vessel 21 
may be substantially ?lled with liquid nitrogen 24 from 
a convenient source such as a liquid nitrogen transport 
vehicle (not shown) by way of a ?ll line 83 projecting 
from container 20 provided with a ?ll and drain valve 84. 

It is a feature of the system shown in FIG. 1 that cold 
vapor evolved from the lique?ed gas entering vessel 21 
during ?lling operations may be passed through the net 
work of cooling passages 31(including channels 31a, 31b, 
etc.) to pre-cool compartment 13 before being vented to 
atmosphere via openings 88 instead of being vented di 
rectly to atmosphere. This is accomplished by the pro 
vision of a line 89 connected to vapor outlet line 27a, a 
vent valve 85 in line 89, and a line 86 connected between 
valve 85 and line 60. This structure provides means for 
utilizing the cooling power of the nitrogen. vapors ?ashed 
011 during ?lling operations which would otherwise be 
Wasted. As the system of FIG. 1 is a closed system, i.e., 
compartment 13 is normally isolated from the cooling 
passage network 31, cooling of container 10 and compart~ ‘ 
ment 13 can be carried out with cold vapor evolved from 
the ?lling operation during the loading of compartment 13. 

During ?lling operations vent valve 85, in line 86 con 
nected by a T-connection to line 54 communicating with 
vapor space 55 (as shown in FIG. v1), is open, as is ?ll 
and drain valve 84. After the vessel 20 is provided with 
a supply of liquid nitrogen via line 83 and compartment 
13 is pre-cooled by the vapors ?ashed during the ?lling 
operation as described above, the system is ready for op 
eration. The valves 84 and 85 are then closed, and a 
liquid shutoff valve 29 in line 26 is closed also. Heat 
leak into vessel 21 will then cause liquid 24 to vaporize 
and the vapor pressure in space ‘55 to increase. This op 
eration can be accelerated by opening pressure building‘ 
shut-off valve 87 controlling ?ow of liquid to pressure 
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building coil 50 as described above. After the system 
is pressurized as just described, the controller 40 may be 
set by means of an adjustment knob 19 (FIG. 1) to a 
desired temperature level and the liquid shut-off valve 29 
is then opened. If the compartment 13 has not previously 
been cooled down the temperature controller 40 will op 
erate to cause the temperature responsive valve 44 to open 
whereupon cold liquid nitrogen will pass through the line 
26 to the vaporizer 25, and a ?ow of cold vapor evolved 
from the liquid in vessel 21 and vaporizer 25 through the 
heat exchanger 30 will be initiated. As vaporizer 25 is 
in ef?cient heat transfer relationship with compartment 
13, vaporization of the liquid in vaporizer 25 will be at 
a rate which is proportional to the temperature in com 
partment 13. Heat from compartment 13 and the load 
therein will thus cause liquid in vaporizer 25 to vaporize 
and the cold vapor to pass via now open valve 44 and 
vapor line 27 into the network of passageways 31 in the 
walls of the container 10, cooling compartment 13 and 
its contents, and then to pass out to atmosphere through 
exhaust ‘openings 88. It will be recognized that the ?ow 
of cold vapor through the network of passages 31 as de 
scribed above occurs because of the higher pressures in 
the passages upstream of the exhaust openings 88. Cold 
vapors will continue to pass from vaporizer 25 through 
the network of passageways 31 on the exterior of the 
Walls 12 enclosing the refrigerated compartment 13 until 
the predetermined temperature set by controller adjust 
ment knob 19 is sensed by the sensing bulb 41. Opera 
tion of the controller 40 then closes the valve 44, tempo 
rarily shutting of passage of nitrogen vapors through the 
heat exchanger 30 which includes vaporizer 25 and the 
cooling passage network 31. With valve 44 closed, pres 
sure build-up in vaporizer 25 prevents liquid transfer from 
vessel 21 to vaporizer 25. As heat is absorbed in the re 
frigerated compartment 13, the resulting increase in tem 
perature will be sensed by the sensing bulb 41 and it will 
again actuate ‘opening of the valve 44 initiating a ?ow 
of cold vapor through the heat exchanger 30 including 
spaces 31 to cool compartment 13. The system will cycle 
continuously in the fashion outlined providing a uniform 
desired cold temperature in compartment 13. As the 
liquid is vaporized in vaporizer 25 which is in efficient 
heat transfer relationship with the compartment 13 and as 
the resulting cold vapors are passed about the walls of 
compartment 13 to cool it and its contents it is apparent 
that the system of the present invention is of optimum 
efficiency as it takes substantially full advantage of both 
the latent heat and the sensible heat of the nitrogen dur 
ing the cooling cycle. 
The heat insulation of the system is maintained at sub 

stantially maximum efficiency because the ?ow of cold 
dry vapor through the insulation spaces keeps the insula 
tion dry, and the pressure of the dry vapor prevents any 
signi?cant moisture in?ltration into the insulation spaces. 

It will be recognized by those skilled in this art that 
the invention described above provides an improved re 
frigeration method in which a body of lique?ed gas is 
maintained within a closed container 20 at a temperature 
of approximately ——320° F, Well below the temperature 
of the refrigerated compartment. The vapor evolved 
from the body of lique?ed gas in vessel 20, line 26 and 
vaporizer 25 is collected and the vapor is released from 
time to time by opening valve 44 when a predetermined 
temperature level is sensed in the interior of the refrig 
erated compartment 13. The released cold vapor is 
passed over the exterior wall surfaces 12 of the refrigera 
tion compartment 13 thereby cooling it. The above oper 
ations are conducted while maintaining the compartment 
13 isolated from the cold nitrogen. Therefore, the con 
tents of the compartment 13 are not subject to adverse 
effects and as operation of the temperature responsive 
valve 44 only releases vapor to flow through the heat 
exchanger which is isolated from the compartment 13, 
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8 
there is no danger of bodily injury due to direct injection 
or spray of liquid nitrogen in compartment 13. 
The present invention is especially well adapted for use 

in seagoing vessels because the ship industry is presently 
using many standard size containers outwardly similar to 
the container 10 shown in FIG. 1 for handling cargo. A 
size commonly used is approximately 8 ft. by 8 ft. by 20 
ft. The use of standard size containers in conjunction 
with presently available loading equipment adapted to 
handle them fully loaded is advantageous because it re 
duces the handling of the cargo in loading and unloading 
ships, which results in reduced shipping costs. It is also 
possible to transfer a container such as the container 10 
of FIG. 1 from a ship to a ?at bed truck trailer, or rail 
car, and deliver the cargo inland by such motor truck, 
or rail car, without additional handling of the cargo, 
Special ships are presently in use, called container ships, 
which are specially designed to efficiently handle cargo 
in containers outwardly similar to the container 10 shown 
in FIG. 1. When the container ships are at sea, con 
tainers of the capacity of the container 10 may be stowed 
either on deck or in the hold of the ship. 
The liquid nitrogen refrigeration system of the present 

invention is therefore well suited for containerized cargo 
handling by seagoing vessels. Moreover, the temperature 
control is operated by vapor pressure developed within 
the system and thus no other energy source of any kind 
is required to operate the system. This is an advantage 
for combination ship and motor truck container handling 
because ships and trucks are not presently equipped with 
uniform standard electrical power supplies suitable for 
operating control devices. 
The present invention is thus adapted for use in cargo 

vessels using self-contained units such as container 10 of 
FIG. 1, or several refrigerated containers may be supplied 
from a single liquid nitrogen source. This last mentioned 
arrangement is shown in FIG. 6 illustrating a system 
which can be referred to as a feeder system. A large 
suitably insulated liquid storage vessel 100 is permanently 
stored in a container ship 99 in the hold 98, as shown, 
or other suitable location as on deck. A suitably insu 
lated feeder line 101 connected to vessel 100 is also a part 
of the permanent installation of the ship. It will be rec 
ognized that the vessel 100 can be supplied with liquid 
nitrogen from a liquid .pumper or transport when the ship 
containing liquid storage container 100 is in port via a 
suitable ?tting 97 in the side of the ship 09. The hold 98 
of container ship 99 may advantageously be arranged so 
that the containers are lowered by deck cranes into ?xed 
slots (not shown). This, of course, ?xes the location of 
each of a plurality of containers 103, 103a, and 103b, 
and will permit hooking up individual containers 103 and 
103a to the feeder line 101 with short ?exible lines 104. 
Each container 103, 1030, has its own refrigeration sys 
tem generally similar to that of the container 10 of FIG. 
1 so that the container operates independently. How 
ever, each container is dependent on the vessel 100 for 
its liquid nitrogen. Several refrigerated containers 103 
can thus be placed in the same ship hold and since they 
operate independently, some containers, for example, con 
tainer 103a can be set at 0° F., for frozen foods such as 
shrimp, while other containers such as 1031) may be 
arranged to maintain higher temperatures, for example, 
35° F. for perishable cargo such as lettuce. As it is de 
sired that a somewhat higher temperature be maintained 
in the refrigerated compartment of container 103k than 
in the containers 103a, container 1031: may be connected 
downstream from container 103a so that the relatively 
cold vapors exhausted from container 103a may be fur 
ther circulated through the cooling spaces in the walls, 
ceiling, and ?oor of container 103k to cool the refriger 
ated compartment therein, instead of being exhausted 
directly to atmosphere. Although only a few refriger 
ated containers 103, etc., are shown in FIG. 6 for clarity, 
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it will be appreciated that this showing is exemplary only 
and many more can be carried on one ship. 

It will be recognized that refrigerating the containers 
103, 103a, and 1031) will generate a substantial amount 
of spent nitrogen vapor. Therefore, in some instances it 
may be found advantageous to provide a relique?er 110 
(FIG. 5), of a known type, the details of which have 
been omitted for brevity, which may be connected down 
stream of the various containers 103, 103a, and 103b to 
collect their refrigeration exhausted nitrogen vapors and 
to reliquefy them by known means. When a valve 105 
in the exhaust line for the container is closed and a valve 
107 in a line supplying vapor to relique?er 110 is open, 
the exhaust vapors from containers 103, 103a, and 1031) 
will ?ow to relique?er 110 for reliquefaction. The vessel 
100 and the line 101 may also be suitably connected to 
relique?er 110 as indicated in FIG. 6 so that vapor evolved 
in them may be relique?ed. The relique?ed nitrogen is 
returned via a liquid line provided with a valve 108 to 
container 100 for reuse in the system. 

However, if desired, the exhaust vapors may be re 
leased to atmosphere via a line 106 by closing valve 107 
and opening a valve 105 in line 106. 

In the ‘event it is necessary for the shipper to deliver 
a full container of cargo to a destination a considerable 
distance away from the unloading port one or more of 
the containers 103a for such destination may be provided 
with a small auxiliary vessel 109 for holding liquid nitro 
gen. At the unloading port, and just prior to disconnect 
ing the container 103a from the feeder vessel 100, the 
internal auxiliary tank 109 is ?lled with liquid nitrogen. 
The liquid nitrogen supply for the refrigeration system of 
container 103a by operating suitable controls and valves 
may then be switched from the feeder container 100 to 
operation from the auxiliary tank 109. The container 
103a can then be unloaded, placed on a ?at bed truck 
trailer, and delivered to an inland destination with no 
interruption of the refrigeration system. 
The heat exchanger ‘cold vapor passages of the present 

invention may be located in the container walls so as to 
substantially uniformly enclose the refrigerated compart 
ment as illustrated in FIG. 1, or when advantageous, the 
cold vapor passages may be concentrated in the container 
walls in certain areas for selective cooling and dehydra 
tion. For example, the cold vapor passages may be con 
centrated in one or more side walls, the ceiling, or the 
floor, or combinations of them, to provide selected areas 
for cooling and dehydration. Further, the heat exchanger 
vaporizer and the connected cold vapor passages may be 
placed either in the long side walls of the container, or 
in the short end walls, or in the center of these walls, or 
separately in any combination of them. The heat ex 
changer vaporizer or cold vapor passages may also be 
located at the side and end corners of the container where 
heat ?ux is generated inwardfrom both the side and end 
exterior surfaces, or at the top or bottom corners where 
heat ?ux is ‘generated inward from three adjacent sur 
faces, namely, the top or bottom panel, and the associ 
ated side and end wall panels, creating maximum heat 
?ux density at these corners. The vapor passages in the 
selected areas can be connected to the vaporizer in a 
desired sequence, and either in series or parallel, to place 
the ‘coldest area in the path of the greatest heat in?ux, 
thereby providing the most e?icient heat transfer. 

Referring now to FIG. 7 there is shown therein a modi 
?cation of the present invention in the form of a motor 
truck of the variety adapted for local delivery of meat or 
ice cream or other refrigerated food products in which 
the cold vapor passages are concentrated in selected areas. 
The truck is provided with a refrigerated container 120 
(FIG. 7) mounted on it, having a door (not shown) at 
the rear end of the container 120 which, of course, must 
be opened each time the truck operator makes a delivery 
stop. Opening of the door will allow warm air to enter 
a refrigerated compartment 129 formed within container 
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120. Considerable heat thus ‘enters the compartment 129 
due to the frequent door openings. The warm. air enter 
ing through the door tends to ?ow upward and along the 
ceiling 122 of the compartment 129. In order ‘that the 
cold vapor evolving from a vaporizer 119 in container 
120 is not heated too quickly by this warm air near the 
ceiling, the heat exchanger cold vapor lines near the ceil 
ing are limited to headers 125 at the top of each side 
wall, and a cross-conduit 124 connecting them to a line 
123 leading from the vaporizer 119. The vaporizer 119, 
which is generally similar to the vaporizer 25 of FIG. 1, 
is in ei?cient heat transfer relationship with compartment 
129. The headers 125 are connected to vertical channels 
126, similar to the channels 31, in the side walls of the 
compartment for cooling the compartment. by cooling the 
exterior of its side walls. The system of FIG. 7 includes 
means for initiating a ?ow of cold vapor through spaces 
126 comprising a controller 130 similar to controller 40, 
controlling a valve 131, in response to temperature con 
ditions sensed by sensor 132. It should be noted that 
in FIG. 7 temperature controlled valve 131 is disposed 
between a suitably insulated liquid nitrogen vessel 121 
and the heat exchanger comprising vaporizer 119‘ and the 
cold vapor channels 126, in contrast to the arrangement 
of FIG. 1 in which the temperature controlled valve 44 
is disposed ‘between the vaporizer 25 and vapor channel 
network 31 components of the heat exchanger. The 
arrangement of FIG. 7 is advantageous in that it responds 
quickly to restore the desired temperature when an unde 
sirably high temperature condition is sensed in compart 
ment 129, and is therefore desirable in local delivery 
services involving an input of warm air on each of the 
frequent openings of the compartment door as described 
above. Thus cold vapor evolved from the liquid nitrogen 
in a vessel 121 on sensing of an undesirable high tempera 
ture condition in the compartment 129 is delivered sub 
stantially directly to the two gas distribution headers 125 
in the top portions of the side walls of the container 120. 
The cold vapor then passes down between the side walls 
of compartment 129 and container 120 via channels 126. 
As the cold vapor generated in vaporizer 119 is thus 
delivered almost directly to the side wall channels 126, 
there is little or no opportunity for the vapor to be heated 
by the warm atmosphere just below ceiling 122. The 
cooling vapor thus reaches the passages formed in the 
wall of the compartment in the desired relatively cold 
condition ‘because of the described minimum contact of 
the vapor passages with the ceiling of the compartment. 
The vapor from the channels 126 then ?ows to bottom 
collection channels 127 and out vertical exhaust conduits 
128 at the ends of the sides of the truck body, to atmos 
phere. 

It will be recognized that the vertical exhaust conduits 
128, forming outlets for the network of cold vapor pas 
sages like the vertically extending channels 31]‘ in the 
embodiment shown in FIG. 1, utilize the well known 
“chimney” effect for venting exhaust gases and therefore 
the spent vapor rises to the outlet openings at the top of 
the vertical channels and exhausts to atmosphere at 
slightly above atmospheric pressure, and thus with a 
speci?c velocity. 

It will be noted that the liquid nitrogen vessel 121 is 
shown in FIG. 7 as being separate from the refrigerated 
container 120 in contrast to the arrangement in FIG. 1 
in which liquid gas supply container 20 is enclosed within 
the refrigerated container 10. The arrangement ‘of 
FIG. 7 advantageously provides a relatively large refriger 
ated space within compartment 129, and permits separate 
mounting of vessel 121 facilitating e?’icient utilization of 
the limited space available on a motor truck. However, 
if desired, vessel 121 could be enclosed within con 
tainer 120. 

While there has been described what is at present con 
sidered to be the preferred embodiments of the invention, 
it will be understood that various other modi?cations may 
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be suggested to those skilled in the art and all such are 
intended to be included within the scope of this invention 
as best de?ned in the appended claims wherein there is 
claimed: 

1. Refrigeration apparatus, comprising: a container 
having internal structure forming a compartment, said 
internal structure having a ceiling, a floor, and walls join 
ing said ceiling and ?oor, said ceiling, ?oor and at least 
two opposite walls being composed of material capable of 
efficient heat transfer, external structure spaced about said 
internal structure, insulation disposed between said in 
ternal and external structures, spaced apart channel-like 
passages formed in said insulation adjacent each of said 
ceiling, said ?oor and said two walls and interconnected 
to establish paths for the ?ow of vapor through said pas 
sages, an elongated vaporizer connected to a source of 
cold lique?ed gas in heat exchange relationship with said 
compartment, said vaporizer having spaced apart open 
ings communicating directly with said spaced apart pas 
sages adjacent said ceiling, and means for venting spent 
vapor which has reached the ends of said passages ad 
jacent said ?oor. 

2. Refrigeration apparatus, comprising: a container 
having internal structure forming a compartment, said 
internal structure having a ceiling, a ?oor, and walls join~ 
ing said ceiling and ?oor, said ceiling, ?oor and at least 
two opposite walls being composed of material capable of 
efficient heat transfer, external structure spaced about said 
internal structure, insulation disposed between said in 
ternal and external structures, spaced apart channel-like 
passages formed in said insulation adjacent each of said 
ceiling, said ?oor and said two walls and interconnected 
to establish paths for the flow of vapor through said 
passages, said ceiling and floor passages extending trans 
versely of said container, a longitudinally extending 
vaporizer connected to a source of cold lique?ed gas in 
direct heat exchange relationship with said ceiling and 
extending substantially the length of said ceiling, said 
vaporizer having spaced apart openings communicating 
directly with said spaced apart passages adjacent said 
ceiling, and means for venting the spent vapor which has 
reached the ends of said passages adjacent said floor. 

3. Refrigeration apparatus, comprising: a container 
having internal structure forming a compartment, external 
structure spaced about said internal structure, insulation 
disposed between said internal and external structures, a 
network of spaced apart passages formed in part by said 
insulation and in part by said internal structure, at least 
that portion of said internal structure which forms ‘in 
part said network of passages being composed of material 
capable of e?icient heat transfer, an elongated vaporizer 
connected to a source of cold lique?ed gas and having 
spaced apart openings ‘communicating directly with said 
network of passages, and remote from the place where 
said vaporizer opens into said network of passages for 
venting spent vapor. _ 

4. Refrigeration apparatus, comprising: a container 
having internal structure forming a compartment, a net 
work of spaced apart passages adjacent said internal struc 
ture, insulation surrounding said internal structure and its 
related passages, external structure surrounding said in 
sulation, a vaporizer for vaporizing cold lique?ed gas, 
said vaporizer including a ?rst conduit and a second con 
duit spaced about said ?rst conduit and being in heat 
exchange relationship with said compartment, said ?rst 
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conduit extending a substantial portion of the length of 
said second conduit and having an opening communicat 
ing with the inside of said second conduit, said second 
conduit opening at spaced apart locations into said net 
work of passages, and means disposed remotely from the 
place where said vaporizer opens into said network of 
passages for venting said network of passages. 

5. Refrigeration apparatus, comprising: a container 
having internal structure forming a compartment, said 
internal structure having generally parallel passages 
arranged into a network of passages, an elongated vapor 
izer in heat exchange relationship with said compartment 
for vaporizing cold lique?ed gas and for distributing 
resultant cold vapor at spaced apart locations directly to 
said network of passages, said elongated vaporizer extend 
ing substantially the entire length of said container, in 
sulation surrounding said internal structure and its related 
network of passages, and means disposed remotely from 
where the vapor enters said network of passages for 
venting vapor out of said network of passages. 

6. Refrigeration apparatus as claimed in claim 5, in 
which said network of passages includes ?oor passages 
formed in said insulation, said remotely disposed means 
being located at the ends of said ?oor passages. 

7. Method of refrigerating a walled container, com 
prising the steps of: forming a network of spaced apart 
?ow paths in heat exchange relationship with a substan 
tial part of the container walls, isolating the How paths 
from the space within the container, vaporizing cold 
lique?ed gas by heat exchange with the container walls, 
passing the resultant cold vapor at spaced apart locations 
directly into and through the network of spaced apart 
?ow paths, and venting vapor, after it has been warmed 
by heat from within the container, out of the network 
of ?ow paths to the atmosphere. 

8. Method of refrigerating a walled container, com 
prising the steps of: forming a network of spaced apart 
?ow paths, vaporizing cold lique?ed gas by heat exchange 
with the container, passing the resultant cold vapor at 
spaced apart locations directly into and through the net 
work of spaced apart ?ow paths effecting direct heat ex 
change of the cold vapor with a substantial part of 
structure forming the container and venting the vapor 
after it has been warmed by heat from within the con 
tainer, out of the network of ?ow paths. 
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