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ABSTRACT: A small thermal load such as an infrared detec 
tor is exposed to a high-pressure inert ?uid contained within a 
small high-pressure vessel. A valve-controlled vent tube ex 
tending through the wall of the vessel provides means for con 
trollably bleeding off ?uid from the vessel and hence for 
rapidly developing refrigeration. The ?uid bled off may be cir 
culated around the vessel surface to minimize loss of refrigera 
tion in cooling the vessel wall. 
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PROCESS AND APPARATUS FOR RAPIDLY COOLING A 
SMALL THERMAL LOAD 

This invention relates to an apparatus and method for 
refrigerating a small load such as an infrared detector. For cer 
tain applications, particularly for infrared sensor cooling, 
there is a requirement for very rapid cooldown. Such cooling 
may be of relatively short duration and the apparatus used 
must often be expendable. Cooling of such devices is now nor 
mally accomplished through Joule-Thomson cooling. How 
ever, any Joule-Thomson cooling system must, of necessity, be 
relatively complicated in design and expensive to construct. 
Moreover, it requires a short but signi?cant time to accom 
plish cooldown by any Joule-Thomson apparatus. ' 

It would, therefore, be desirable to have a simple, inexpen 
sive device capable of achieving very rapid cooldown and of 
delivering refrigeration to a small thermal load at such a rate 
and in such a manner as to make cooling of this device almost 
instantaneous. ‘ 

It is, therefore, a primary object of this invention to provide 
a simple, easily constructed device of very rapidly cooling a 
relatively small load. It is another object of this invention to 
provide a device of the character described which is easily ac 
tivated, inexpensive enough to be expendable after a single 
use, and ?exible in its application to various types of refrigera 
tion loads. It is yet another object of this invention to provide 
such a device which can be made in very small, lightweight 
units. It is yet another important object of this invention to 
provide a very rapidly cooled infrared detector. It is another 
important object of this invention to provide a method for 
rapidly cooling infrared detecting devices. Other objects of 
the invention will in part be obvious and will in part by ap 
parent hereinafter. 
The invention accordingly comprises the several steps and 

' the relation of one or more of such steps with respect to each 
of the others, and the apparatus embodying features of con 
struction, combinations of elements and arrangement of parts 
which are adapted to effect such steps all as exempli?ed in the 
following detailed disclosure and the scope of the invention 
will be indicated in the claims. 

For a fuller understanding of the nature and objects of the 
invention reference should be had to the following detailed 
description taken in connection with the accompanying 
drawings in which 

FIG. 1 is a cross section of one embodiment of the ap 
paratus in which the high-pressure vessel is spherical; and 

FIG. 2 is a cross section of another embodiment in which 
the high-pressure vessel is a sphere with an elongated exten 
sion. 

In the device of this invention, the thermal load to be 
refrigerated is mounted within a high-pressure vessel such that 
at least one surface of the load is exposed to high-pressure 
?uid contained within the vessel. A valve-controlled vent tube 
communicates between the interior and exterior of the vessel 
and preferably the vent tube inlet within the vessel is relatively 
close to the surface of the refrigeration load exposed to the 
?uid. The vessel is charged with high-pressure ?uid and at the 
time refrigeration of the load is desired the valve in the vent 
tube is opened in a manner to bleed off some of the high-pres 
sure ?uid from within the vessel. By the process known as 
Simon expansion, the fluid in the vessel is very rapidly cooled 
and thus cools the refrigeration load. The ?uid bled off from 
the interior of the vessel may be used to cool the outside wall 
of the vessel thus minimizing the amount, of refrigeration lost 
to cooling the vessel which is constructed of a material having 
a low thermal conductivity at cryogenic temperatures. 
One embodiment of the apparatus of this invention is illus 

trated in FIG. 1 which illustrates the use of a spherical vessel. 
In this embodiment there is provided a thick-walled, high 
pressure vessel 10 formed of a low thermal conductivity 
material, such as glass ?ber-reinforced resins, to prevent con 
suming the available refrigeration in cooling the vessel wall. 
Into the wall of vessel 10 and forming a part thereof is sealed a 
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2 
window 11 to which is attached an infrared detector 12, or 
other device to be‘ cooled, in such a way that it is exposed to 
high-pressure ?uid of volume 14 de?ned by the vessel wall. In 
the case where an infrared detector is the load, lead wires 13 
are provided through the wall to the external atmosphere. The 
vessel 10 is conveniently charged with high-pressure ?uid 
through a charging line 15 which may be sealed off once the 
pressure has been built up to a desired level within the vessel. 
If desired, the inlet charge line 15 may be so formed as to be 
reusable. 
A vent tube 16 communicates between the interior volume 

14 of the vessel and the area external of the vessel wall. 
Preferably this vent tube is so positioned within the vessel as to 
be very close to the surface of the detector as indicated by the 
small gap 17. By positioning vent tube 16 in a manner to be 
closely associated with the surface of the load 12, and by plac 
ing the vent tube so that its inlet end is aligned with the surface 
to be cooled, it is possible to effectively concentrate the 
refrigeration at that surface. Vent tube 16 has an external 
‘valve 18 which, when opened,‘permits the high-pressure ?uid 
to bleed out of the volume 14 into conduit 16. Cooling is ac 
complished through a process which isgenerally known as 
Simon expansion. Thus, the gas that remains in volume 15 
thermodynamically pushes some of the gas out of the vessel 
and therefore the gas that remains experiences an isentropic 
expansion. For example, if the fluid contained within volume 
14 is nitrogen under a pressure of about 1,200 atmospheres 
and the bleedo?‘ is continued until the nitrogen has reached 
atmospheric pressure, it should be theoretically possible to ob 
tain a fluid within volume 14 at 77° K., 35 percent of which 
would be liquid. This calculation assumes no heat leak to the 
surrounding atmosphere. ' 

There is, of course, some refrigeration lost to cooling the 
walls of the vessel 10. This may be minimized in two ways. 
First, the vessel 10 is constructed of a material which has very 
low heat conductivity at the cryogenic temperatures involved. 
Such a material is preferably a glass fiber-?lled resin. A 
second way of minimizing heat transfer and hence heat loss to 
the walls of the vessel 10 is to provide means for'de?ning a 
?uid passage around the vessel walls and discharging the cold 
low-pressure gas which exits through vent tube 16 through 
valve 18 into the passage. Thus, in FIG. 1 it will be vseen that 
there is provided around substantially the entire exterior wall 
of the vessel 10 an outer spherical wall 20 formed of a material 
such as a'resin or plastic. This outer wall de?nes with the outer 
surface of the vessel 10 a ?uid passage 21 having a plurality of 
small gas release ports 22. The passage 21 is in communica 
tion with vent tube 16 through a connecting piece 25 ,which 
may have associated with it a valve 26. A branch conduit 27, 
having valve 28, communicates with joining member'25 so 
that it is possible, if desired, to discharge either all or aportion 
of the cold low-pressure ?uid into the atmosphere rather than 
into ?uid passage 21. ~ ‘ 

In the embodiment of FIG. 2, in which like reference nu 
merals refer to like components in FIG. 1, there is added an 
elongated extension or neck so that the pressure vessel has in 
essence a spherical body 30 with an integral extension 31. This 
con?guration may be more convenient to build into some 
systems. The extension is sealed with a window 32 and ring 33. 
As in FIG. 1, the load is af?xed to the inside surface of the 
window 32 and leads 13 are provided for external connection 
where necessary. The vent tube 16 extends through the exten 
sion passage 34 and terminates‘near the surface of load 12. In 
the embodiment of FIG. 2 all of the ?uid bled from the vessel 
is discharged into ?uid passage 21, which could if desired be 
also extended to enclose, at least partially, the extension 31. 
As an example of the operation of this apparatus, the vessel 

10 or 30/31, may be ?lled with high-pressure nitrogen 
between about 10,000 and 20,000 psi. By bleeding off the 
high-pressure ?uid from volume 14 through vent tube 16 at 
such a rate that only a fraction of a second is required to 
reduce the ?uid to a low pressure, i.e., close to atmospheric 
pressure within'volume 14, it is possible to reach temperatures 
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as low as 77° K. and to effect a cooldown of the load, i.e., in 
frareddetector 12, in as short a time as one-tenth ofa second. 
Inasmuch as in the refrigeration developed there will probably 
be formed within the volume 14 (or 14/34) a small quantity of 
liquid nitrogen, refrigeration will be supplied to the load 
within the volume over a period of time until such liquid has 
evaporated and the volume within the vessel reaches a tem 
perature above the cryogenic level. 
The entire apparatus may be constructed in a relatively 

small size, i.e., about two inches in diameter, and the valve 18 
to effect refrigeration may be of any type which can be auto 
matically actuated upon a given signal. Thus, the entire device 
is adaptable to installation on a missile and is capable of cool 
ing the infrared detector down to about 80° K. by the time the 
missile requires guidance from the infrared detector. It is, of 
course, within the scope of this invention to form the ap 

l5 

paratus in any desired size and to use any load within the 
volume 14. It is, however, particularly adaptable to small 
devices and to small refrigeration loads. 

It will thus be seen that the objects set forth above among 
those made apparent from the preceding description are effi 
ciently attained, and since certain changes may be made in 
carrying out the above method and in the construction set 
forth without departing from the scope of the invention, it is 
intended that all matter contained in the above description or 
shown in the accompanying drawings shall be interpreted as il 
lustrative and not in a limiting sense. 
We claim: 
1. A rapid cooldown refrigeration device comprising in 

combination 
a. a high-pressure vessel adapted to contain ?uid under high 

pressure and formed of a material having low thermal 
conductivity at cryogenic temperatures; 

b. high-pressure ?uid within said vessel, 
c. a load to be refrigerated having at least a portion of its 

surface within said vessel directly exposed to said high 
pressure ?uid;and ' 

d. a valve-controlled ?uid conduit extending within said ves 
sel and positioned to be directed at and close to said load, 
said fluid conduct providing communication between the 
interior and exterior of said vessel, whereby when high 
pressure ?uid is rapidly discharged from said vessel said 
?uid undergoes rapid cooling and refrigerate said load. 

2. A refrigeration device in accordance with claim 1 
wherein said vessel is spherical in shape. 

3. A refrigeration device in accordance with claim 1 
wherein said vessel is spherical with an integral elongated 
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neck. 

4. A refrigeration device in accordance with claim 1 
wherein said load is an infrared detector mounted on a win 
dow forming a portion of the wall of said vessel. 

5. A refrigeration device in accordance with claim 1 
wherein said vessel is formed of a glass ?ber-reinforced 
synthetic resin. 

6. A refrigeration device in accordance with claim I includ 
ing means to de?ne a ?uid passage around at least a portion of 
the outer surface of said vessel and connecting means to con 

' nect said conduit means with said ?uid passage. 
7. A refrigeration device in accordance with claim 6 

wherein said connecting means has ?uid ?ow control means 
associated therewith. 

8. An infrared detector adapted for very rapid cooldown, 
comprising in combination 

a. a high-pressure vessel adapted to contain ?uid under high 
pressure and formed of a material having low thermal 
conductivity at cryogenic temperatures; 

b. a window transparent to infrared radiation sealed into the 
wall of said vessel and forming a part thereof; 

c. infrared-detecting means internal of said vessel and 
mounted on the surface of said window; 

d. high-pressure ?uid within said vessel; and 
e. a valve-controlled ?uid conduit communicating between 

the interior and exterior of said vessel, said conduit being 
directed at and close to said infrared-detecting means. 

9. An infrared detector in accordance with claim 8 includ 
ing means to de?ne a ?uid passage around at least a portion of 
the outer surface of said vessel and connecting means to con 
nect said conduit means with said ?uid passage. 

10. A method of rapidly cooling a small refrigeration load 
comprising the steps of 

a. exposing a load to be refrigerated to a volume of high 
pressure ?uid contained within a high-pressure vessel; 
and 

b. discharging said ?uid from said volume from a point ad 
jaeent said load in said volume at a sufficiently rapid rate 
to effect isentropic expansion of said ?uid, whereby said 
load is cooled through direct contact with the insentropi 
cally expanded ?uid. 

11. A method in accordance with claim 10 in which the 
discharged ?uid is circulated around at least a portion of the 
external wall of said high-pressure vessel. 

12. A method in accordance with claim H0 wherein said 
load is an infrared detector affixed to a window forming a part 
of the wall of said vessel. 
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