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A solid cryogen refrigeration system utilizing a second 15 
cryogen in combination with a surrounding multi-layer 
insulation encasing an evacuated cryogen container for 
thermal isolation thereof, a stable temperature level of 
the system being maintained by passive temperature regu- 
lation created by strict control over the venting rate of 2o 
the subliming cryogen to the surrounding space environ- 
ment. 

The invention described herein was made in the per- 
formance of work under a NASA contract and is subject 25 
to the provisions of Section 305 of the National Aeron- 
autics and Space Act of 1958, Public Law 85-568 (72 
Stat. 435: 42 U.S.C. 2457). 

The present invention 'relates to a refrigeration system 
and, more particularly, to a solid cryogen refrigeration 
system utilizing a second cryogen in combination with 
a surrounding mufti-layer insulation for thermally isolat- 
ing the solid cryogen. 

The invention is specifically designed to provide a solid 
argon cryogen refrigerator capable of maintaining an 
infrared detector at a stable temperature level of ap- 
proximately 50" K. for an extended time period of one 
year. 

BRIEF DESCRIPTION OF THE INVENTION 
The argon refrigeration system according to the in- 

vention consists of a cohtainer filled with a solid argon 
cryogen and a heat exchanger which thermally couples 
the cryogen container to an infra-red detector which is 
maintained at a stable temperature of 50" Kelvin by the 
refrigeration system. Strict control over the venting rate of 
the cryogen as it sublimes to the surrounding space en- 
vironment insures low temperature cooling for an ex- 
tended time period. Additionally, to insure long duration 
cooling, all extraneous heat leaks are significantly reduced 
by thermally isolating the solid cryogen from its warm 
surroundings. More specifically, a second cryogen con- 
tainer, filled with solid carbon dioxide is provided in 
stacked relationship to the argon container and a multi- 
layer insulation surrounds the stacked containers to pro- 
vide therefor a common surrounding vacuum environ- 
ment. The solid carbon dioxide is characterized by a 
latent heat of sublimation approximately twice that of 
argon on either a volumetric or a 'mass basis. Accord- 
ingly, its use in a thermal isolation system according to 
the invention enables reduction in the amount of argon 
coolant required by a factor of three. The stacked con- 
tainers are connected by glass reinforced epoxy tubes, 
which exhibit superior strength characteristics and rela- 
tively low thermal conductivity properties. The tubes are 
thermally grounded to the solid carbon dioxide container 
and maintain the stacked containers in spaced relation- 
ship to reduce ambient heat transfer therebetween via 
the conducting paths provided along the length of the 
epoxy tubes. The argon and carbon dioxide containers 
are surrounded by coils of Mylar tubing with stainless 
steel elbow portions to provide a heat exchanger for the 
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introduction of liquid nitrogen which initially cools the 
containers as they are respectively pumped with afgon and 
carbon dioxide gasses solidified by heat transfer to the 
heat exchanger containing the liquid nitrogen. 

The argon container is thermally coupled to an elong- 
ated copper rod, embedded in the solid argon within the 
argon container and supporting an infra-red detector. 

A radiation housing surrounds the argon cQntainer 
and comprises a copper foil enclosure overlying a struc- 
turally supporting framework of steel tubing. A plural- 
ity of nylon threads connect the argon container and the 
framework in order to support the radiation shield in 
suspension and in spaced relationsship with the argon 
container. 

In order to support the radiation shield and the multi- 
layer insulation around the argon contaisner when &e 
refrigeration system is subjected to high G forces, a cage 
fabricated from stainless steel tubing is structurally at- 
tached to the lower portion of the carbon dioxide con- 
tainer and surrounds the suspended radiation shield con- 
tainer in spaced relationship therewith. 

The multi-layer insulation is formed over the carbon 
dioxide container protruding from the outer cage and 
around the outer cage in close proximity thereto. 

The carbon dioxide container is generally annular in 
construction with a central opening being provided for 
receiving the filing lines associated with each of the car- 
bon dioxide container, the argon container and a e  nitro- 
gen heat exchanger. A tubular support column is affixed 
to the carbon dioxide container and supports and outer 
aluminum housing which encases the entire refrigeration 
system. The a1umh.m housing is provided with an infra- 
red transparent window adjacent the infra-red detector 
mounted on the elongated copper rod. The fill line for 
the argon container additionally acts as a vent for the 
subliming argon cryogen, the venting rate thereof being 
precisely controlled for maintaining the temperature of 
the argon at a desired level. 

OBJECTS ;OF THE INVENTION 
Thus, it is an object of the invention to provide a solid 

cryogen refrigeration system. 
Another object of the invention is to provide a cryogen 

refrigeration system wherein the venting rate of the sub- 
liming cryogen to a surrounding space environment is 
precisely controlled in order to insure low temperature 
cooling for an extended time period. 

It is yet another object of the invention to provide a 
solid cryogen refrigeration system which is thermally 
isolated from warm surroundings by a second cryogen 
and a surrounding multi-layer insulation. 

A further object of the invention is to provide a solid 
cryogen container thermally coupled to an infra-red de- 
tector for maintaining the detector at a stable tempera- 
ture level. 

Still a further object of the invention is to provide a 
cryogen refrigeration system wherein a first cryogen eon- 
tainer is maintained in stacked relationship with a second 
cryogen container, both containers being surrounded by a 
liquid nitrogen heat exchanger and a surrounding multi- 
layer insulation. 

Yet a further object of the invention is to provide a 
cryogen refrigeration system wherein precise control of 
the solid cryogen utilized is achieved by providing a vent 
line of fixed conductance and having an orifice size and 
length which passively controls the vapor pressure over 
the solid argon corrmponding to a solid argon tempera- 
ture of 50" K., by venting to the surrounding atmosphere 
the proper gaseous argon mass flow rate corresponding 
to the temperature. 

Other objects and many attendant advantages of the 
invention will become apparent upon a perusal of the 
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radiation. The carbon dio 
solid carbon dioxide cryoge 
layer insulation 39, thermally isolates the cryogen con- 
tainer 12 from its relatively warm surroundings. 

A more detailed description of the above-described 
components will follow, together with a detailed descrip- 
tion of the structure associated therewith and comprising 
the preferred embodiments of the invention. 

FIG. 1, taken in conjunction with FIG. 3, illustrates 
the argon container 12 being provided interiorly with 
five vertically spaced foamed metal plates 32, 34, 36, 3 
and 40. In a preferred embodiment, for example, each 

3 
following detailed description of the preferred embodi- 
ments of the present invention taken in conjunction 
with the drawings and the following detailed description 
thereof. 

DESCRIPTION OF THE DRAWINGS 
FIG. 1 is an elevation partially in section, illustrating 

FIG. 2 is a section along the line 2-2 of FIG. 1; 
FIG. 3 is a section along the line 3-3 of FIG. 1; and 
FIG. 4 is a section generally along the line 4-4 of 

the refrigeration system according to the invention; 

FIG. 1. 
plate may comprise a quarter-inch thick foamed copper 
plate 8 inches in diameter having a 0.060 pore size. The 

DETAILED DESCKIPTION OF THE 

15 copper thermal link 30 extends centrally through each of 
PREFERRED EMBODIMENT 

With more particular reference to FIG. 1 of the draw- &e plates 32-40, the plates surrounding the thermal link 
ings, there is illustrated generally at 10 a dual solid Cry- 30 and being soldered thereto dong the surrounding con- 
ogm refrigeration system according to the invention. In tact areas, indicated generally at 42, 4 
the lower portion of the refrigeration system 10 is illus- The plates thereby provide a heat exchanger internally Of 
trated the primary coolant container 12 specially con- 20 the argon container 12, insuring good heat transfer from 
structed to receive solid argon cryogen in a manner to the copper thermal link 30 along each of the plates and 
be hereinafter described. The argon container 12 is gen- to the argon cryogen within the container 12. As shown 
erally cylindrical and fabricated, for example, from thin in FIG. 3, which is a section along G 3  of FIG. 1 and 
stainless steel sheets, providing wall thicknesses of .024 particu ustrating the internal structure of the con- 
inch and end wall thicknesses of .03 inch. By way of 25 tainer foamed metal plate 34 is supported by 
example only, the argon container may be configured 8,2 three r directed straps of the thin metal plates 52, 
inches in diameter by 5 inches in hei in 54 and 56. The plates are joined to the centrally extend- 
spaced relationship a ing shaft 30, by hard solde 
secondary cryogen on the inner side wall 58 of 
dioxide cryogen. 7 3  ntainer 14 iS Sen- 30 outer terminal edges 60, 62 an 
erally annular in constructio Central OpenDg stood that each of the plates 3 
indicated at 16 and fabricated from thin stainless steel provided with like straps whic 
sheets providing side wall thicknesses of and the plates in vertically spaced positions within the con- 
end wall thicknesses of .03 inch, for ex Way tainer 12, 
of example, the carbon dioxide container aY have 35 With reference yet to FIGS. 1 and 3, three stainless 
an outer diameter of 9.2 inches and a of 4.25 steel reinforcing tubes 66, 68 and 180 are equally spaced 
inches. Received in the centxal opening 16 of the con- radially of the centrally extending &e 
tainer 14 is a primary support column 18 comprising, for are soldered to the plates 32, 34, 36, 
example, a glass filament reinforced epoxy resin tube their respective mutual contact areas. It 
having an internal diameter of 1.728 inches. In order to 40 stood that additional reinforcing tubes, similar to the 
provide minimum heat conduction therealong, the sup- tubes 66, 68 and 70, may be provided internally of the 
port column 18 may have a tapered wall having a thick- container 12. However, for purposes of clarity in illus- 
ness Of 0.045 inch at its lowermmt end and a thickness tration, such additional reinforcement tubes are not illus- 
of 0.012 inch at its uppermost end, generally indicated trated. 

With further reference to FIGS. 1 and 3, the container 
12 is provided with a plurality of radially spaced sleeves 

Surrounding the lowermost end of the primary support 72, 44 and 76, which sleeves are in parallel relationship 
is a generally annular flange 22 extending with the extended copper link and which communi- 

radially of the cylin ical support column 18. The carbon cate, as shown in FIG. 1, with end walls 48 and $0 
dioxide container is fixedly supported on the flange 50 of the generally cylindrical container 12. With reference 
22 in a manner to be hereinafter described in detail. The to FIG. 3, if desired, metal straps 82, 84 and 86 may be 
upper end 28 of the support column 18 is surrounded by associated with the sleeves 72,74 and 76. 
and secured to, by epoxy, for example, an annular flange As more particularly illustrated in FIG. 1, each of the 

extending radially of the column 18. The flange 24 sleeves 72, 74 and 76 receives a glass fiber reinforced 
provides a bearing surface f %Cur& the dual solid 55 tubular column, such as the columns 88 and 90, received 
cryogen refrigeration system t0 a Spacecraft, as Well by the sleeves 72 and 74, respectively pmost end 
as providing a mounting f ther structure to be de- portions 92 and 94 of the columns $8 are shown 
scribed hereinafter. in FIG. 1 as secured to and thermal1 ded to the 

Retained centrally within the support column and solid carbon dioxide container 14. More specifically, each 
extending axially therethrough is an elongated COP rod 60 of the support columns 92 and 94 are received over bush- 

. Retained on the uppermost end of the copper rod ings 96 and 98, respectively, the bushings having an in- 
is an infra-red detector 28. The lowermost end portion tegral fiange 105 and I&Z, respectively, secured in any 
of the copper rod 26 extends centrally through the well-known manner to the bottom wall of the carbon 
on container 12 where it is fixedly secured therein in dioxide container 14. The flanges, together with their asso- 

intimate thermal contact with the cryogen in a manner to 65 ciated bushings, thermally ground the glass reinforced 
be hereinafter described in detail. Shown surrounding the tubular columns $8 and 90 to the bottom of the container 
two containers is a jacket of insulating material 3%. 14. Similarly, the bottom ends of the columns $8 and 90 

Thus far, what has been described is the general rela- are received over flanged bushings BB4 and BM provided 
tionship of the prim of the dual solid with flanges 108 and 110, respectively. The solid argon 
cryogen refrigeration argon container 12 70 container I2 is supported on the flanges 108 and 140, 
contains a solid argon cry n intimate thermal con- thereby maintained in aced relationship from the car- 
tact With the copper rod 30 which provides a thermal bon dioxide container Sufficient clearance is provided 
link between the container 62 and the infra-red detector between each of the tubular support columns, such as 
28 which must be maintained at a low temperature level the columns 88 and 90 illustrated in FIG. 1 ,  and the asso- 
in order to avoid the detection of extraneous surrounding 75 ciated sleeves, such as the sleeves 72 and 44, in order to 

es from the confines Of the carbon 45 
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prevent unnecessary heat transfer between the support 
columns and the argon container 12. 

AcGordingly, the glass reinforced tubular columns, such 
as the columns 88 and 90, exhibit superior strength char- 
acteristics, in order to support the argon container 12, and 
possess relatively low thermal conductivity characteris- 
tics. The support columns maintain the containers 12 and 
$4 in spaced relationship to reduce ambient heat transfer 
therebetween, the elongated lengths of the columns pro- 
viding long thermal path lengths therealong to further 
reduce ambient heat transfer to the argon container 12. 

Reference will now be made more particularly to FIGS. 
1 and 4, the latter figure being a section along the line 
4-4 of FIG. 1. The container 12 is provided along its 
upper peripheral margin with an upstanding lip 112. Se- 
cured to the lip are spaced pairs of extended rods 114, 
116 aqd 12s. The pairs of rods are provided at their 
outer terminal extended ends with flanges 120, 122 and 
124, res,pectively. The flanges are provided with integral 
upwardly directed sleeves 126, 128 and 130, respectively. 
As shown in FIG. 1, the pair of arms 114, secured to 
and ,extending from the upraised lip 112, are retained in 
spaced relationship, generally horizontally overlying the 
top wall 78 of the argon container 22. The sleeve 126 
associated with the flange 120 surrounds the tubular sup- 
port column 90, without engaging said column. 

In a similar fashion, not shown, the remaining pairs 
of arms 126 and I18 are horizontally disposed in spaced 
relationship above the top wall 78 of the container 12, 
the sleeves 128 and 130 also surrounding without touch- 
ing a respective tubular support column, such as the col- 
umnS88, for example. The extended arms 114, 116 and 
148, together with the structure associated therewith, pro- 
vide a restraining system for preventing movement of the 
argon container 12 under lateral load conditions, such 
as the load conditions experienced during launch of a 
spacecraft to which the refrigeration system I0 may be 
suitably attached. Only when lateral loads are present do 
the sleeves 126, %28 and 130 respectively engage a tubular 
support column, such as the columns 88 and 90, in order 
to restrain the container 12 from lateral motion. Under 
any other loading conditions, the pairs of arms 114, 116 
and 118, are specifically disposed in close proximity to 
the bottom of the carbon dioxide container 14 and the 
top of the argon container 12, contact therebetween being 
prevented in order to reduce the possibility of heat trans- 
fer in directions away from the containers. 

With more particular reference now being made to 
FIGS. 1 and 2, the details of the structure associated with 
the carbon dioxide container 1 now be described. 
The carbon dioxide container provided interiorly 
with three vertically spaced, a foamed metal plates 
132, 134 and 136. The plates are similar in construction 

66, 68 and 7Q associated with the argon container 12. 
For example, the tubes may be one-quarter inch in diam- 
eter and spaced equally on a six and one-quarter inch 
diameter circle, as illustrated in FIG. 2. 

With reference yet to the FIGS. 1 and 2, the vent and 
fill line for the carbon dioxide container will be described. 

As shown in FIG. 2, a generally circular header 156 
is secured to the bottom wall Qf the container 14. The 
header 150 is provided with recessed portions 152, 154 
and 156 adjacent each of the flanged bushings, such as 
the bushings 100 and 202. A generally U-shaped pipe 
network 158 is provided in communication with the head- 

er &-de 150. More particularly, with reference to FIGS. 
1 and 2, three externally threaded reducer fittings capped 
by a hexagopal nut are illustrated at  %6@, 162 and 164 
in FIG. 2. FIG. 1 particularly illustrates the externally 
threaded reducer fittings 160 and 162 in elevation. It 
should be understood that the fittings are connected at  
spaced points along the U-shaped pipe network 158 as 
illustrated in FIG. 2 and, as shown in FIG. 1, project up- 
wardly from the pipe network 158 through the bottom 
wall of the container 14. The fittings are secured in hexa- 
gonal nuts which are secured to the inner surface of the 
bottom wall of the container 14. For example, as shown 
in FIG. 1, the reducer fitting 140 is soldered to the hexa- 
gonal nut 164 and the reducer fitting 162 is soldered to 

15 the hexagonal nut 168. Accordingly, the threaded reducer 
fittings provide communication between the pipe network 
158 and the interior of the carbon dioxide container 14. 

Secured to each of the hexagonal nuts, for example the 
hexagonal nuts 164 and 168, is a section of stainless steel 

section projecting upwardly interiorly of the 
For example, the hexagonal nut 164 has 

to an upwardly projecting length of pipe 194 
and the hexagonal nut 168 is provided with a similar 
length of pipe 178. It should be understood that the 

25 reducer fitting 164 is d with the structure 
associated with the 60 and 162, as de- 
scribed. The upward 
174 and 178, are provided with a plurality of notches 

20 

As shown in FIG. 1, an inlet pipe 182 extends axially 
and within the hollow main support column 18. The inlet 
pipe 182 is fabricated with a stainless steel elbow sec- 

35 tion 184 and Mylar straight tubing section I86 joined 
hose 188 routes t 

a topmost portion 
support column and is secured, for 
pipe 190. An inlet and venting line 192 is provided for 

40 the argon container 12 and is similar in construction to 
the inlet and fill line associated with the carbon 
dioxide container 14. More particularly, the inlet and fill 
line 292 is provided with a stainless steel elbow section 
194 connected to the top of the container 22. A straight 

second stainless steel elbow section 298. An elongated 
length of Mylar tubing 200 adjoining the elbow 198 and 
extends axially within hollow support column 1 
length of rubber hose connects the top of the Mylar 

45 pipe section 196 connects the elbow section 

50 tube 200 to an outlet-inlet pipe 204. 
Additional fill and vent pipes 206 and 20 

nitrogen are located adjacent to the fill and vent lines 
190 and 204. The pipes 206 and 208 are respectively con- 
nected to fill and vent lines similar in construction to the 

55 fill and vent lines IS2 and The pipe 206 is con- 
nected to a fill and vent line , as shown in the lower 
portion of FIG. 1, to a first 
stainless steel tubing heat ex 
coils wrapped spirally upwa 

60 periphery of the nitrogen container 12. The coils 212 are 
soldered to the exterior of the container 22. The fill and 
vent line 210 associated with the pipe 206 is fabricated 
with stainless steel elbow sections and Mylar tubing 
straight sections, and thereby similar in construction to 

65 the fill and vent lines 182 and 19%. The straight sections 
of the fill and vent lines, being made of Mylar, reduces 
solid phase heat transport therealong. Additionally, suf- 
ficient clearance is provided for routing the fill and vent 
lines to prevent thermal shorts between the argon and 

A thermal radiation barrier 214 surrounds the argon 
container 12 and is fabricated with a structurally sup- 
porting framework of ?& inch diameter steel tubes bonded 
together in mesh configuration using inert gas welding 

75 techniques. A single layer 2 of 1.5 mil copper foil 

70 carbon dioxide containers. 
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completely covers the exterior of the framework for pro- 
viding a thermal radiation shroud completely enclosing the 
argon container 12. Openings are provided in the radia- 
tion shield for receiving the support columns, such as 
the columns $8 and 90, and the argon and carbon 
dioxide fill and vent lines, the liquid nitrogen fill and vent 
lines, and the thermal link 30. 

A plurality of Teflon pads, for example the pads 2243 
and 222 illustrated in FIG. 1, are secured to the inner 
surface of the framework 246 in order to suppress vibra- 
tion of the argon container 12 under lateral loading condi- 
tions. For example, the radiation container may be main- 
tained in spaced relationship from the container 12 in 
order to prevent thermal contact therebetween by a plurd- 
ity of nylon threads, not shown, connected between the 
argon container 12 and the framework 216, thereby s u p  
porting the radiation container in suspension and enclos- 
ing the argon container 12. A second radiation container 
224 completely encloses the radiation container 214 and 
the bottom portion of the carbon dioxide container 14. 
More particularly, the container 22 is fabricated similar 
to the container 214 in that a framework 226 of 446 
inch diameter steel tubing underlies a covering compris- 
ing a single layer of 1.5 mil copper foil upon the exterior 
of the framework. Both the framework and the copper 
foil are soldered to the exterior of the carbon dioxide 
container to provide a good thermal contact therebetween, 

dioxide container supporting the radiation con- 

s provided with Teflon 
mounted on the inter- 

ior of the framework 226 for supporting the first-men- 
tioned radiation container 214 and the argon container 
12. The outer radiation container 224 thus provides an 
insulated environment completely enclosing the argon 
container 12 and bounded by the bottom portion of t h e  
carbon dioxide container 44. For example, the second 
radiation container 224 insures a long existing main- 
tenance of a desired argon temperature of 50" K. For 

For example, the insulatio 238 may comprise spirally 
wrapped layers of Dexiglas applied according to the fol- 
lowing technique. In a preferred embodiment, a continu- 
ous length of Dexiglas 36 inches wide is wrapped cir- 
cumferentially about the containers 14 and 224 and their 
associated structure, the insulation overhanging equally 

ioxide container B4 and the bottom 
op and bottom of the con- 
ered by the overhanging in- 

sulation according to a displaced Gore technique. More. 
specifically, the end overhanging insulation layers are pro- 
vided with triangular cut-outs so that the apices of each 
cut-out terminates at the refrigerator center. According- 
ly, the overhanging insulation layers are configured in 

15 large serrations which, when folded over the ends of the 
containers, the serrations butting together along their ad- 
jacent edge configurations leaving no space therebetween. 
For example, the ends of the triangular serrations cover- 
ing the top of the carbon dioxide container % 

20 truncated to conform to the spirally wrapped zone of in- 
sulation 234. The serrated insulation layers are retained 
in a folded position by applying adhesive backed Mylar 
tape. For example, each ten layers of the serrated insula- 
tion ends are taped and then are covered by a disk of 

After approximately 150 spirally wrapped layers are 
applied, the serrated portions thereof are covered with a 
one-inch thickness of Dexiglas disks, some of which are 
provided with a center hole to fit tightly around the in- 

30 sulation layer 234 at the top portion of the fiber glass sup- 
port column 18. All of the disks isolate the refrigerator 
interior from radiation tending to leak through the serra- 
tions provided in the insulation. For example, the elec- 
trical leads from the platinum resistor 232 and the infra- 

35 red detector 28 can be worked out from the interior of the 
refrigerator through the serrations of the insulation, the 
insulation serving to thermally ground the leads to the 
various insulation layers and thereby reduce heat leaks 

25 Dexiglas. 

through these leads. 
example, the outer radiation container 224 in a preferred 40 me insulation layer 238 is surrounded by an aluminum 
embodiment of the invention is maintained at a spacing outer container 240, the top of the container 240 sur- 
of % inch from the inner radiation container 21 rounding a protruding top portion of the column 18. The 

A stainless steel bellows 230 forms an expandable container 240 is evacuated to provide a surrounding vac- 
vacuum seal between the top of the argon container 12 uum environment for the containers 12 and 14. Accord- 
and the cylindrical periphery of the thermal link 369. The 45 ingly, the insulation layer 238 thus comprises insulation 
bellows additionally compensates for dimensional differ- in a vacuum environment for thermally isolating the re- 
ences between the container and the thermal link due to frigerator from its w 
uneven thermal expansion or contraction during cooling A main support 
of the container 12. A platinum resistor 232 is soldered tmding top portion 
to the top portion 26 of the thermal link 36) in order.to 50 ample, the flange may be 61% inches in diameter and 
monitor the infra-red detector temperature. Surrounding provides the main support flange for securing the refriger- 
the upper portion of the support column in the vicinity ator to an outer protective casing 2.414 which surrounds 
of the platinum resistor 232 is a quarter in 
spirally wrapped intermediary insulation mater 
The insulation material utilized in a preferred 
ment of the invention is the well-known Dexiglas. As 
shown, the insulation is wrapped spirally about the upper 
portion of the glass fiber reinforced support column which 
protrudes from the top of the carbon dioxide container. 
The insulation is provided particularly to reduce solid GO the infra-red detector 28. The window 258 is infra-red 
phase thermal conduction between the Support column transparent to enable effective operation of the de- 
and the edge of a surrounding multi-layer insulation, the tector 2%. 
details of which will be hereinafter described. The following method is used for producing a high 

The lower portion of the support column which is re- density argon solid within the container 12. G ceived within the annular Configuration Of the carbon 65 is introduced through the inlet-outlet pipe 
dioxide Container 184, iS Spirally wrapped with additional introduced to the interior of the container 12 through the 
insulation material 236. The insulation material 236 com- fitting 194. The walls of the container 312 are cooled by 
PletelY fills the annular space between the lower Portion liquid nitrogen introduced through the fill and vent line 
of the support column 18 and the carbon dioxide con- 206 and circulated through the coils 212 of the heat ex- tainer 14. 70 changer. The argon gas is liquefied by the circulating 

Completely surrounding the heretofore described struc- liquid nitrogen and is subsequently cooled to a solid 
ture is a multi-layer insulation, generally indicated at 238 phase. By maintaining the introduced argon gas at a pres- 
and comprising a two-inch thick mantle of insulation for sllre of approximately 514 torr, voids which occur due to 
thermally isolating the copper outer container 224 and contraction of the solid are continually filled by additional 
the carbon dioxide container from warm surroundings. 75 solid phase cryogen. The argon gas passes through the 
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pores of the plates 3 2 4 0  to completely fill the con- 
tainer 12. 

In a similar manner, high density solid phase carbon 
dioxide is produced in the container 14. Carbon dioxide 
is introduced to the container 14 through the fill and vent 
line 190. The liquid nitrogen circulating through the coils 
212 surrounding the container 14 produces a high density 
solid carbon dioxide directly from the vapor phase. The 
solid carbon dioxide is grown on the periphery of the con- 
tainer adjacent to the heat exchanger coils, thereby pre- 10 
venting blocking of the entrance manifold until the con- 
tainer is filled with solid cryogen. In practice, the rela- 
tively warm incoming vapor also prevents blocking of the 
carbon dioxide inlet manifold. 

The solid carbon dioxide is characterized by a latent 15 
heat of sublimation of approximately twice that of argon 
on either avolumetric or mass basis. Accordingly, its use 
in the thermal isolation for the solid argon enables re- 
duction in the required argon coolant by a factor of 
three. 

Control of the solid argon temperature is achieved 
through a totally passive temperature regulation scheme, 
thereby eliminating heretofore used mechanical pressure 
actuated mechanisms which actively control the vapor 
pressure over the solid argon. The passive temperature 25 
regulation system is inherent in the fill and vent line 204 
of the argon container 12. The vent line is of a fixed con- 
ductance and leads to the vacuum space environment. me 
vent line 204 is sized specifically in accordance with ex- 
periments conducted so that a pressure drop correspond- 30 cryogen* 
ing to a solid argon temperature of 500 K .  provides the 
proper gaseous flow rate given off upon sublimation. 
If the heat flow from the infra-red detector changes, the 
heat input to the solid argon cryogen changes. Accord- 
ingly, the mass flow rate of the subliming argon temper- 
ature changes to maintain the desired 50" K. tempera- 
m e .  Thus, the specifically sized fill and vent line, de- 
termined by experiment to be approximately % inch in 

ment, it was found that the subliming cryogen refrigera- 
tion system according to the invention is effective for 
maintaining a desired temperature level UP to one year in 
duration. 

Obviously, other modifications of the invention may be 
made without departing from its scope. For example, the 
argon container may be gold plated to reduce its emissiv- 
ity. The nitrogen heat exchanger coils could be placed 
within the confines of the containers 12 and 14 to result 50 611932 Wulff et al. _ _ _ _ _ _ _ _ _  62-54X 
in a smooth exterior container wall, thereby decreasing 2,671,154 311954 Burstein _ _ _ _ _ _ _ _ _ _ _  62-514X 
inter-reflecting radiant energy. Additionally, the weight 3,066222 1 U1962 Poorman et al. _ _ _ _ _ _  62-514X 
of solder used to join the externally provided exchanger 39122,004 211964 Aberle et al. _ _ _ _ _ _ _ _  62-514X 
tubes would be eliminated. Also, methane may be used 3,289,423 1211966 Berner et al. _ _ _ _ _ _ _ _ _ _  6 2 4 5  
in place of argon as a primary cryogen coolant. 55 3,350229 1011967 Justi _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  62-48X 

FOREIGN PATENTS is claimed is: 
dual cryogen refrigeration system for maintain- 1,394,155 2,1965 France _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  62-45 ing an instrument at a predetermined, stable temperature 

(b) means for thermally coupling said instrument and 
said first solid cryogen; 

(c) a second cryogen container having a quantity of a 
second subliming cryogen material therein, said sec- 
ond cryogen container being thermally isolated from 
said first cryogen container and placed between said 
first cryogen container and said instrument, said sec- 
ond subliming cryogen having a higher subliming 
temperature and having a greater latent heat of sub- 
limation than said first subliming cryogen; 

(d) heat exchanger means in contact with said first 
and second cryogen containers to effectuate the ink 
tial solidification of said first and second cryogens as 
they are pumped into said first and second containers; 

(e) insulation means surrounding both said first and 
second cryogen containers and said heat exchanger 
means; 

(f)  means in communication with said first cryogen 
container to control the mass flow rate of said first 
solid cryogen for maintaining the temperature of 
said first cryogen at a desired level; and 

(g) means enveloping said first and second cryogen 
containers and said insulation means, said envelop 
ing means being evacuated to provide a surrounding 
vacuum environment for said first and second 
gen containers and said insulation means. 

2. The structure of claim 1 wherein said system further 
comprises means in communication with said second cry- 
ogen container to facilitate sublimation of said second 

3. The structure of claim wherein said second cry- 
ogen has a latent heat of wbli ation approximately twice 
that of said first cryogen on either a volumetric or mass 
basis such that said second cryogen acts as a thermal 

35 barrier between said instrument and said first cryogen to 
stabilize the temperature of said first cryogen. 

wherein said first cryogen 
is solid argon and said second cryogen is solid carbon 
dioxide. 

20 

4. ne structure of claim 

diameter, a change Of vapor Pressure Over 40 5. 'The structure of claim 1, and further including: tag- 
ing means surrounding said first container for s u p p o ~ n g  the cryogen to permit a new flow rate* By experi- 
said first container under lateral loads. 

plurality of 
6. The structure of claim B, and further including a 

fiber reinforced epoxy columns suspend- 
4 5  ing said first container from said second container. 
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comprising: ALBERT W. DAVIS, JR., Primary Examiner (a) a first cryogen container having a quantity of a 60 
first subliming cryogen material therein, the opera- 
tional temperature phase of said first solid cryogen 62-46, 47, 54, 514; 165-185; 220-9 
encompassing the predetermined temperature of the 
instrument; 

U.S. C1. X.R. 


