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This invention relates to means for controlling the tem 
perature and gaseous mixture of a container and in par 
ticular relates to the control of the temperature and at 
mosphere of a container of a refrigerator as for instance 
as employed on a railway car for refrigerating perishable 
foods. 

One of the problems in a refrigerating system employed 
in railway cars and the like is the change in temperature 
during transit from one section of the country to the 
other. For example, a refrigerated car may travel through 
an area having a temperature far below freezing so that 
internal refrigeration is not required and, in fact, the 
below freezing temperature is detrimental in that it causes 
the perishable items to freeze. This condition is particu~ 
larly undesirable in the transporting of meat. In another 
section of the country having a warmer climate it is es 
sential to maintain the internal compartment tempera 
ture at or near freezing temperature. Heretofore it has 
been com-mon practice to utilize a heat source of some 
type or other such as a charcoal burner for the purpose 
of maintaining the internal compartment temperature 
above that which freezes the perishable commodities in 
below freezing temperature areas. It has also been com 
mon practice to provide a liquid nitrogen system for the 
purpose of refrigerating or maintaining the temperature 
at or close to freezing during travel of a railroad car 
or other vehicle through warmer climates. Such systems 
as the liquid nitrogen type, while being adequate to pro 
vide the necessary cold temperatures still do not elimi 
nate the necessity for a separate source of heat such as 
charcoal burners in the colder climates to prevent freez 
ing of the perishables. 

It is therefore a general object of this invention to pro 
vide a refrigeration system for maintaining temperatures 
in a container approximately the freezing temperature of 
water or 32° Fahrenheit. 
A further object of this invention is to provide for the 

control not only of the temperature within a container 
but also allow for the introduction of su?icient air or oxy 
gen with the gaseous nitrogen present within the con 
tainer in order to provide a suitable environment for the 
vegetables or meats. 

Still another object of this invention is to provide means 
for raising the ambient temperatures within a container 
of a refrigeration system in colder climes and lowering 
the ambient temperature in warmer climes and for con 
trolling the composition of the gases within the container 
to prevent deletrious effect on the meat and produce. 

Another object of this invention is to use the kinetic 
energy of a cryogenic medium to heat or cool and con 
trol the refrigerant gaseous mixture in a container. 
A further object of this invention is to provide refrig 

eration apparatus for a container and employing a vortex 
tube, commonly known as the Ranque Hilsch tube, as in 
US. Patent No. 1,952,281 to Ranque to regulate the tem 
perature of the container. ' 

Another object of this invention is to provide for the 
refrigeration apparatus as aforesaid a venturi means in 
conjunction with the vortex tube means for regulating 
the atmosphere within the container. 

It is another object of this invention to provide a novel 
method for controlling the temperature and composition 
within a refrigerated container. 
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These and other objects will become apparent with ref 

erence to the following disclosure of appended claims, 
and attached drawings herein; 
FIG. 1 is a diagrammatic view of a container provided 

with a temperature and atmosphere control apparatus; 
FIG. 2 is an enlarged view showing the vortex heating 

means in conjunction with a composition control ven 
turi means; and 

FIG. 3 is a view of the vortex cooling means in con 
junction with a venturi means. 
With reference now to the drawings a refrigeration ap 

paratus generally designated as 2 mounted for operation 
with a container or enclosure 4 and which may be for a 
truck trailer, a railroad car or the like. The refrigera 
tion apparatus is provided with a nitrogen supply tank 6 
containing liquid nitrogen 6a below —320° Fahrenheit. 
The tank 6 has an outlet 8 connecting with a tempera 
ture ‘responsive valve unit 10, controlled by a pair of 
thermostat members 12 and 14. When the temperature 
drops below approximately 30°-32° Fahrenheit (F) the 
lower portion of the valve unit is opened by the thermo 
stat control 14 allowing liquid nitrogen to ?ow down 
wardly through the conduit 16 and into a conventional 
Cyrososorber vaporizer 18 which converts the liquid ni 
trogen to a vapor whence the vapors pass through line 
20 into the heat exchanger 22 changing the temperature 
of the vapors which are at approximately —320° Fahr 
enheit to —30° Fahrenheit. From the heat exchanger 
22 the warmed vapors pass through conduit 24 into the 
salvage heat exchanger 26 of the container or car 4 for 
raising the temperature of the nitrogen vapors from —30° 
Fahrenheit to —10° Fahrenheit, whence the vapors pass 
through conduit 28 into the vortex unit 30. 
The vortex tube or unit 30 comprises an elongated 

tubular member 31 having a pair of opposed end hot and 
cold gas chambers 32 and 33 and a central housing 34 
which is provided with a peripheral chamber 35 communi 

The peripheral 
chamber 35 communicates with a central chamber 36 by 
way of reduced passage 37. The central chamber 36 has 
an outwardly diverging conical shape bore 38 communi-l 
cating with the hot gas chamber 32 and has a reduced 
bore or ori?ce 39 communicating with its outwardly di 
verging bore 40 which communicates with the cold gas 
chamber 33. The hot gas chamber 32 is provided with an 
annular ?ow restricting member 41 de?ning an annular 
passage 42 with the hot gas chamber 32. The nitrogen 
vapors entering from the conduit 28 enter the annular 
chamber 35 tangentially and are swirled in a helical path 
into the central chamber 36. That is, the inlet conduit 28 
communicates with the reduced passage 37 communicat 
ing with the central chamber 36 to make the nitrogen 
pressurized vapors spin in the central chamber 36 creat 
ing a gaseous vortex pattern. The nitrogen vapor is actu 
ally given a rectilinear velocity parallel to the axis of the 
vortex tube, the rectilinear movement being combined 
with a gyratory movement about the axis of the tube. 
As the nitrogen vapor is moving away from the inlet pipe 
28 its rectilinear velocity which is parallel to the axis of 
the tube increases and its angular velocity decreases so 
that the gas spreads along the wall of the tube 30. The 
molecules of the nitrogen gas are subjected to a pressure 
which is higher as they are a greater distance from the 
axis of the tube due to the action of centrifugal force. 

' At the same time, the flow of the gas produces a substan 
tial fall in pressure in the central zone of the tube 30. 
The gas on the outside of the vortex picks up heat from 
the gas in the center lowering its temperature. The out 
side wall of the heated gas is passed through the annular 
passage 42 of the annular member 41 and out the open 
end of the hot gas chamber 32. The chilled central core 



3,307,366 
3 

of nitrogen gas passes through the restricted ori?ce 39 and 
out the cold gas chamber 33. 
The hot vapors exiting from the left end of the vortex 

unit 30 enter the coils 43 heating the atmosphere A with 
ing the container 4 whence the warm nitrogen vapors are 
passed or recirculated back to and within the salvage 
heat exchanger 26 to aid in maintaining the temperature 
within the exchanger 26 at about —l0° Fahrenheit. The 
right end of the vortex unit 30 allows discharge of the 
cold nitrogen vapors into the outside atmosphere. 
A Venturi unit 44 joins the coil 43 with the outside 

atmosphere to allow introduction of some of the outside 
air into the atmosphere A within the container 4 when 
the Venturi unit door 46 is manually opened. This pro 
vides for a better control of the composition of the atmos 
phere within the container and allows a normal color 
to the meats and vegetables Within the container. The 
Venturi door 46 is only opened when it is required to 
introduce sufficient oxygen within the container 4 and is 
particularly useful in controlling the composition of the 
atmosphere if it is to introduce the hot nitrogen vapors 
from the enclosure warming means or heat energy trans 
ference means or vortex unit 30 directly into the car by 
way of conduit 48, when the valve 50 is opened and the 
valve 52 leading to the coils 43 is closed. In order to 
prevent a build-up of excess pressure of the nitrogen 
vapors of the atmosphere A within the container 4, vent-I 
ing passage 54 is provided in the wall of the container 4 
to allow vapors to escape from the container to the out 
side atmosphere. Pressure responsive valve 55 also ad 
mits atmosphere A into heat exchanger 26 for recircula 
tion when pressure in container 4 exceeds a certain value. 
When the container 4 is located in warmer climes the 

thermostat unit 12 allows the upper portion of the valve 
unit 10 to open and the lower thermostat unit 14 to close 
the lower end of the valve 10 allowing the liquid nitrogen 
in the container 6 and conduit 8 to pass only into the con 
duit 56 and through the refrigerating means or refrigera 
tion coils 58 for cooling of the atmosphere A within the 
container because of the increased temperature outside 
of the container 4. The conduit 60‘ of the coils 5s passes 
through the wall 62 of the unit 4 to the optional heat ex 
changer 64 where the nitrogen vapors formed in the coils 
58 may be further warmed to -l0° Fahrenheit or the 
vapors of the coil 58 may lead by line esvdirectly to the 
conduit 66 depending on whether manually controlled 
valves 68 or '70 are opened or closed which will depend 
on the temperature of the outside atmosphere. The nitro 
gen vapors in the conduit 66 lead into the vortex unit or 
enclosure cooling means or heat energy transference 
means 30a that is joined by a Venturi unit 44a. The con 
struction of the vortex or Hilsch tube unit 30a is con 
structed in the same manner as the unit 30 with the ex— 
ception that the ends of the vortex unit 30a are reversed 
to allow hot air to be sent to the outside atmosphere 
through the vortex right end (see FIG. 1) and cold nitro 
gen vapors are allowed to be sent through the left end 
of the vortex unit 30a into atmosphere A of the compart 
ment 4. The Venturi 44a functions in the same manner 
as the Venturi 44, that is, the atmosphere or air from 
outside the container is introduced into the atmosphere 
A of the compartment 4 when the manually controlled 
valve or door 46 is open and passes within the Venturi 
tubing 45 and around the end of the cold chamber 33 of 
the vortex unit 30a that forms a Venturi zone Z with the 
conduit part 45a having the ?rst and second opposed di 
verging portions de?ning a reduced central portion with 
the outer end of the vortex tube in the zone Z to give 
the Venturi effect of sucking the outside atmosphere in 
with the exiting cold vapors in the right end of the 
vortex tube, the air and the cold nitrogen vapors being 
introduced into the compartment for lowering of the tem~ 
perature of the container and controlling the atmosphere 
A in the warmer climates. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

70 

75 

4 
It is therefore seen that the novel inventive refrigeration 

arrangement disclosed above heats the container to 
approximately 34° when the external ambient tempera 
ture is a —30° Fahrenheit, the tank 6 containing the 
liquid nitrogen at 200# pressure and below —320° 
Fahrenheit, the supply of nitrogen to the heating system 
being controlled part way of the mercury liquid oper 
ated heat thermostat unit 10. When the container tem 
perature drops to 30° Fahrenheit, the heat thermostat 
14 opens the line to the vaporizer 18. Upon entry of the 
liquid nitrogen into the vaporizer 18 the oxygen in the 
air which is emitted to the vaporizer ‘by way of an inlet 
is liquified, whereupon the liquid nitrogen becomes 
vaporized. The nitrogen vapors enter the heat exchanger 
22 exposed to the atmosphere, the exchanger having suf 
?cient surface area so that the vaporized nitrogen is heated 
to approximately the ambient temperature of —30° Fahr 
enheit, which then flows to the vortex tube 30 and re 
circulates through a salvage heat exchanger 26 which 
serves to add additional heat to the nitrogen vapor. The 
vortex tube, or commonly known as the Hilsch tube, is 
essentially a centrifugal heat separator which serves to 
discharge a warm stream of air at one end and a cool 
stream at the other end. The cold stream of the vortex 
tube is discharged outwardly of the container and the 
Warm stream internally thereof, and in this manner the 
container is maintained at approximately 30° Fahren 
heit and should the temperature exceed 30° Fahrenheit 
the thermostat 12 will sense the change and close and 
prevent further operation of the heating system. When 
the warm stream is inserted into the container it is neces 
sary to evacuate a corresponding amount of air or atmos 
phere in the container in order to prevent excessive pres 
sure within the container through the passageway 54. 
The container atmosphere is also evacuated by way of 
pressure relief valve 55 which is connected by way of 
line 45a with the salvage heat exchanger 26 and the con 
tainer atmosphere being heated will impart further heat 
into the nitrogen vapors in exchanger 26 so as to elevate 
the temperature of the nitrogen vapors from —30° Fahr 
enheit to —10° Fahrenheit and therefore the salvage 
heat exchanger 26 in e?’ect improves the e?iciency of the 
heating system. The refrigenator system operates when 
the temperature exceeds approximately 30° Fahrenheit 
as sensed by the thermostat unit 10 to permit the liquid 
nitrogen into the refrigeration system, the liquid nitrogen 
passing through the heat exchanger 56 which is effective 
to control the temperature within the insulated container 
enclosure and from the heat exchanger the liquid nitro 
gen enters the vortex tube 30a with its hot vapor end 
disposed outwardly of the container 4 and the cold vapor 
end internally of the container 4. Such a reduction in 
temperature by the vortex tube decreases the on-time of 
the thermostat so that the amount of liquid nitrogen 
which is employed is correspondingly reduced. The 
vortex unit used to utilize the heat loss of the nitrogen 
upon normal cooling of the nitrogen results in about 
20%—25% e?iciency increase in the system when re 
frigerating the container and the vortex heating operation 
is about 80% e?‘icient ‘and the Venturi units prevent stag 
nation of air in the container promoting a turbulence and 
circulation of air in the container and oxygenate the 
container contents to about 5% oxygen and 95% nitrogen 
atmosphere A with the result of preserving the meats 
and vegetables and other foods, in addition to the fact 
that the vortex arrangement allows warming of the con 
tainer in the cool climes and cooling of the container 
in warm climes through the use of nitrogen or cryogenic 
medium normally utilized in such refrigeration system. 

It will be appreciated that any number of vortex tubes 
or Venturi tubes may be employed depending on the size 
of the container and the temperature of the surrounding 
external atmosphere. The various values for the tem 
perature and pressures and the various quantities stated 
may be varied and still be Within the scope of this inven 
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tion. Other cryogenic media for example, inert gases, 
might be employed that would fall within the spirit of 
the invention. It will now -be apparent that the present 
invention provides a novel and essential temperature and 
atmosphere control system apparatus and method for 
regulation of the temperature and atmosphere within the 
enclosure. Although one embodiment of the invention 
has been illustrated and discussed in detail, it is to be 
expressly understood that the invention is not limited 
thereto. Various changes can be made in the design and 
arrangement of the parts without departing from the 
spirit and scope of the invention as the same will now 
‘be understood by those skilled in the art. 
What is claimed is: . 
1. An apparatus for regulating the temperature and 

atmosphere within an enclosure comprising a cryogenic 
medium, a vaporizer and heat exchanger means for con 
verting the cryogenic medium from a liquid to a gas 
at an increased temperature, a vortex tube for receiving 
the heated vapors and having warm and cold vapor dis 
charge openings, the cold discharge opening leading to 
the atmosphere and the Warm discharge opening leading 
to the interior of the container, a refrigerating means, 
a second vortex tube adapted to exit warm vapors and 
to introduce cold vapors into the container and connected 
with the refrigerating means, thermostatic means selec 
tively connecting the cryogenic medium with the vaporizer 
and heat exchanger means and the refrigerating means 
when the temperature in the container is above or below 
a predetermined value and venting means adapted to 
introduce ambient surrounding air to the container for‘ 
mixing with the vaporized cryogenic medium within the 
container. , . 

2. An apparatus for controlling the temperature and 
composition Within a refrigerating container vcomprising 
a cryogenic medium, a vaporizer heat exchanger means 
for converting the medium from a liquid to a gas and 
elevating the temperature of same, enclosure warming 
means providing a heat energy separation of the vapors 
and discharging heated vapors within the container and 
cooling vapors outwardly of the. container supplied by 
said heat exchanger means, refrigerating means for the 
container, enclosure cooling means providing a heat 
energy separation of the vapors and discharging cooled 
vapors within the container and heated vapors outwardly 
of the container supplied by said refrigerating means, 
temperature regulating means disposed between the cryo— 
genic medium and the heat exchanger means and refrig 
erating means and communicating with the heat ex 
changer means and the refrigerating means for-selec 
tively operating either enclosure means, and means for 
introducing a controlled atmosphere within the con 
ta-iner. 

3. An apparatus for controlling the temperature with 
in a refrigerating container comprising a tank for a cryo 
genic medium, a vaporizer heat exchanger means for 
converting the medium from a liquid to a gas and elevat 
ing the temperature of same, enclosure warming means 
communicating with the heat exchanger means and pro 
viding a heat energy separation of the vapors and dis 
charging heated vapors within the container and cool 
ing vapors outwardly of the container, refrigerating 
means for the container, temperature regulating means 
disposed between the tank and communicating with the 
heat exchanger and the refrigerating means for selective 
ly operating either. . 

4. The invention according to claim 3 and the cryo 
genic medium comprising ?uid nitrogen. 

5. The invention according to claim ‘3 and the enclosure 
warming means comprising a vortex tube. 

6. The invention according to claim 3 and means for 
introducing a controlled atmosphere within the container. 

7. An apparatus for controlling the temperature and 
atmosphere Within a refrigerating enclosure comprising 
storage means for a cryogenic medium, vaporizing means 
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6 
for converting the medium from a liquid to a vapor, 
means for discharging the cryogenic vapors and changing 
the temperature within the enclosure and means for in 
troducing oxygen into the enclosure with the cryogenic 
vapors and being operatively associated with the means 
for discharging the cryogenic vapors Within the enclosure, 
said means for discharging cryogenic vapors within the 
enclosure comprising vortex ‘tube means having a cold 
vapor discharge opening within the enclosure and hav 
ing a warm vapor discharge opening leading to the out 
side of the enclosure, and said means for introducing the 
oxygen comprising venting means operatively associated 
with the cold vapor discharging opening and communicat 
ing With the outside of the enclosure for introducing the 
oxygen into the enclosure with cold vapors discharging 
from the vortex tube means. 

8. The invention according to claim 7 and said vapor 
izing means comprising refrigerating coil means disposed 
within the enclosure and connecting with the storage 
means for the cryogenic medium for cooling the vapors 
exiting from the cold vapor discharge opening. 

9. An apparatus for controlling the temperature and 
atmosphere within a refrigerating enclosure comprising 
storage means for a cryogenic medium, vaporizing means 
for converting the medium from a liquid to a vapor, means 
for discharging the cryogenic vapors and changing the 
temperature within the enclosure and means for intro 
ducing oxygen into the enclosure with the cryogenic 
vapors and being operatively associated with the means 
for discharging the cryogenic vapors within the en 
closure, said means for discharging cryogenic vapors 
within the enclosure comprising vortex tube means having 
a warm vapor discharge opening within the enclosure and 
having a cold vapor discharge opening leading to the out 
side of the enclosure, and said means for introducing 
oxygen comprising venting means operatively associated 
with the warm vapor discharging opening and com 
municating with the outside of the enclosure for introduc 
ing oxygen into the enclosure with the warm vapors dis 
charging from the vortex tube means. ' 

10. The invention according to claim 9 and said vapor 
izing means comprising heat exchanger means connect 
ing with the storage means for the cryogenic medium and 
the vortex tube means for vaporizing and warming the 
cryogenic medium. 

11. The invention according to claim 10 and said 
heat exchanger means including a salvage heat exchanger 
in vapor communication with the warm vapor discharge 
opening for supplying heat to the vapors supplied to the 
enclosure. 

12'. The invention according to claim 9 and heating coil 
means connecting with the Warm vapor discharge opening 
and with said vaporizing means. 

13. The invention according to claim 9 and pressure 
relief valve means for allowing warm vapors in the en 
closure to enter the vaporizing means. 

14. The method of controlling the temperature and 
atmosphere within a refrigerating enclosure comprising 
introducing a cryogenic fluid into the enclosure which is 
transformed from a liquid to a vapor and introducing 
the ‘vapor into the enclosure and subjecting the vapor 
to a heat energy transference means whereby the exiting 
temperature of the vapor from the heat energy transfer 
ence means and introduced into the enclosure is changed 
and introducing the vapor whose temperature has been 
changed into means for introducing oxygen within the en 
closure and co-mingling of the cryogenic vapor with 
oxygen to produce a mixture of cryogenic vapor and the 
oxygen within the enclosure, said heat transferring means 
comprising vortex tube means. 

15. The invention according to claim 14 and whereby 
said cryogenic vapor is exiting from said vortex tube means 
at an increased temperature for heating the inside of the 
enclosure. 

16. The invention according to claim 14 and whereby 
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said cryogenic vapor is exiting from said vortex tube 
means at a decreased temperature for cooling the inside 
of the enclosure. 

17. The method of controlling the temperature and 
atmosphere within .a refrigerating enclosure comprising 
introducing a cryogenic ?uid into the enclosure which is 
transformed from a liquid to a vapor and introducing the 
vapor into the enclosure and subjecting the vapor to a 
heat energy transference means whereby the exiting tem 
perature of the vapor from the heat energy transference 
means and introduced into the enclosure is changed and 
introducing the vapor whose temperature has been 
changed into means for introducing oxygen within the 
enclosure and co-mingling of the cryogenic vapor with 
oxygen to produce a mixture of cryogenic vapor and the 
oxygen within the enclosure, said heat energy transfer 
ring means comprising a pair of vortex tubes, one of said 
vortex tubes allowing exiting of the cryogenic vapor into 
the enclosure at an elevated temperature and the other 
vortex tube allowing exiting of the cryogenic vapor into 
the enclosure at -a lower temperature. 

18. The invention according to claim 17 and whereby 
the operation of each vortex tube is selectively operated 
by thermostatic means. 

19. The invention according to claim 17 and wherein 
each vortex tube conducts the vapors to the means for 
‘co-mingling the cryogenic vapor and oxygen, the means 
for co-mingling c-ompring a venturi tube for each vortex 
tub-e. 

20. The invention according to claim 17 and wherein 
thermostatic means selectively operates to transmit the 
vapor through one or other of the vortex units to main 
tain the temperature at generally 30° Fahrenheit to 34° 
Fahrenheit within the enclosure. 

21. An apparatus for controlling the temperature and 
atmosphere within a refrigerating enclosure comprising ‘a 
cryogenic medium, vaporizing means for converting the 
medium from a liquid to a vapor, means for discharging 
the cryogenic vapors and changing the temperature With 
in the enclosure and means for introducing oxygen into 
the enclosure with the cryogenic vapors and being opera 
tively associated with the means for discharging the 
cryogenic vapors within the enclosure, said means for in 
troducing oxygen comprising venturi means communicat 
ing with the air outside the enclosure and said cryogenic 
meduim comprising nitrogen. 

22. The method of controlling the temperature and 
atmosphere within a refrigerating enclosure comprising 
introducing a cryogenic ?uid into the enclosure which is 
transformed from a liquid to a vapor ‘and introducing the 
vapor into the enclosure and subjecting the vapor to a heat 
energy transference means whereby the exiting tempera~ 
ture of the vapor from the heat energy transference means 
and introduced into the enclosure is changed and intro 
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ducing the vapor whose temperature has been changed 
into means for introducing oxygen within the enclosure 
and co-mingling of the cryogenic vapor with oxygen to 
produce a mixture of cryogenic vapor and the oxygen 
Within the enclosure. 

23. The invention according to claim 22 ‘wherein said 
cryogenic ?uid comprises nitrogen. 

24. The invention according to claim 22 and said 
means for introducing oxygen comprising venturi means 
coupled with said heat energy transference means for in 
troducing a mixture of the cryogenic vapor and the oxy 
gen into the enclosure. 

25. The invention according to claim 22 and whereby 
such mixture of cryogenic vapor and oxygen within the 
enclosure comprises approximately 90% to 99% nitrogen 
and 1% to 10% oxygen. 

26. The invention according to claim 22 and the oxy 
gen being supplied ‘by the outside atmosphere surrounding 
the enclosure. 

27. An apparatus for controlling the temperature and 
‘atmosphere within a refrigerating enclosure comprising a 
cryogenic medium, means for converting the medium 
from a liquid to a vapor, heat energy transference means 
for discharging the cryogenic vapors at a changed tem 
perature within the enclosure, and means for introducing 
oxygen bearing means into enclosure with the cryogenic 
vapors and operatively associated with the means for dis 
charging the cryogenic vapors within the enclosure. 

28. The invention according to claim 27 and said 
means for ‘discharging the cryogenic vapors within the 
enclosure comprising vortex tube means having a cold 
vapor discharge opening and having a warm vapor dis 
charge ‘opening. 

29-. The invention according to claim 27 and said 
means for introducing the oxygen bearing means into 
the enclosure with the cryogenic vapors comprising ven 
turi tube means. 
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