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r571 ABS-rRAa 
A dual refrigeration system for cooling a sink device is 
described, which automatically thermally couples the 
cold refrigerator to the sink device while thermally 
isolating the warm refrigerator from the sink device. 
The system includes two gas gap heat switches that 
each thermally couples one of the refrigerators to the 
sink device, and a pair of sorption pumps that are cou- 
pled through tubes to the heat switches. When the first 
refrigerator (18) is operated and therfore cold. the first 
pump (50) which is thermally coupled thereto is also 
cooled and adsorbs gas to withdraw it from the second 
heat switch (44). to thereby thermally isolate the sink 
device (U) from the warm second refrigerator (26). 
With the second refrigerator being warm, the second 
pump (52) is also warm and desorbs gas, 50 the gas lies 
in the first switch (38). to close that switch and there- 
fore thermally couple the cold first refrigerator (18) to 
the sink device. Thus, the heat switches are automati- 
cally switched according to the temperature of the 
corresponding refrigerator. 

6 Claims, 2 Drawing Sheets 

I ,/" 



US. Patent Sep. 20,1988 Sheet 1 of 2 4,771,823 

REFRIG. ’ 
CONTROL 



I 

b 

US. Patent Sep. 20,1988 

52 
A 

Sheet 2 of 2 

50 
A 

4,771,823 

n n 

52 

26 

86 

FfG.7 

50 
8 

110 f1g4 

84 
FIG.3 

90 

f1g.8 

112 



. 
4,771,823 

1 

SELF-ACI'UATING HEAT SWITCHES FOR 
REDUNDANT REFRIGERATION SYSTEMS 

tor to the sink device. If the first refrigerator fails and 
the second refrigerator is placed in operation, the neces- 
sary switching to thermally couple the second refrigera- 
tor to the sink device and uncouple the first refrigerator 

Each gas gap heat switch includes tWO thermally 
conductive elements (82,84) having a plurality of paral- 
lel fins (90, 92) that are held in an interfitting relation- 
ship, but with the fins out of contact except through gas 

The novel features of the invention are set forth with 
particularity in the appended claims. The invention will 
be best understood from the following description when 
read ir? cen;uncticn with the accompanying drawings. 

ORIGIN OF THE INVENTION 5 therefrom, will be automatically accomplished. 
The invention described herein was made in the per- 

fomance of work under a NASA contract, and is sub- 
ject to the provisions of Public Law 96-517 (35 USc 
202) in which the Contractor has elected not to retain 
title. 

BACKGROUND OF THE INVENTION 
Space vehicles often carry sensors that must be kept 

very cold, and the lifetime of the sensors is often limited 

example, the useful life of far-infrared sensors on sur- 
veillance satellites, which are maintained at a tempera- 
ture of about 10' K., is presently limited by the lifetime 
of the cryocooler. The useful life of the cooling system 
can be extended by using redundant cryocoolers, with a 2o 
first CrYocooler themally coupled to the sensor and the 
inactive backup cryocooler thermally isolated there- 
from until needed. Heat switches for establishing such 
thermal connection or isolation have not been of high 
efficiency or high reliability. Reliable operation may be 25 
required over extended periods of time, such as a mini- 

10 that may lie in the spaces between the fins. 

Ir.. v J  .L- , I ~ ~  uywwie r ,  _- or iow-temperature refrigerator. For Is 
DESCRIPT1oN OF THE 

FIG. 1 is a diagrammatic view of a dual refrigeration 
system constructed in accordance with one embodi- 
ment of the present invention. 

FIG. 2 is a sectional view of a heat switch useful in 
the system of FIG. 1, and constructed in accordance 

FIG. 3 is an perspective view of the switch 

FIG. 4 is a sectional view ofa sofption pump useful in 

with the present invention. 

of FIG. 2. 

the system of FIG. 1. 
mum Of five to ten Years. Mechanically actuated heat 
switches have proven at cryogenic 

FIG. 5 illustrates a portion of the system of FIG. 1, 
when the first reffigerator is just &energized and cold 

peratures and further require large contact force. Mag- 
neto-resistive heat switches are. except at very low 30 FIG. is a view similar to that of FIG. 5, but wherein temperatures, of very low efficiency. Heat switches 

FIG. 7 is a view similar to that of FIG. 5. but with the operated by the heat pipe principle usually require a 
long response time. Gas gap heat switches, such as 

FIG. 8 is a view similar to that of FIG. 5, but showing able thermai connection and isolation, except that they 35 
have previously required heating or cooling coils to a condition wherein both refrigerators are temporarily 
control the temperature of the sorption pumps that 
operate the heat switches, and also require control and DESCRIPTION OF THE PREFERRED 
power sources for operating such heating or cooling EMBODIMENTS: 
coils. Prior gas gap heat switches such as described in 40 
U.S. Pat. NO. 4,366,680 had low heat transfer capacity FIG. 1 illustrates a dual refrigeration system 10 for 
and low heat switch ratios. A redundant refrigeration maintaining a cold sink device 12 at a low temperature, 
system which enabled the use of gas gap heat switches, with the coldest end 12C of the device at a very low 
and which provided efficient switches of that type, temperature such as 9' K. at which an infrared sensor 14 
while avoiding the previous disadvantages in the use of 45 iS highly sensitive. The System includes tWO Sets Of 

such heat switches, would be of considerable value. refrigerators. including a first set 16 that includes three 
refrigerators 18-22, and a second set 24 which includes 
three refrigerators 26-30. It may be noted that either 

In accordance with one embodiment of the present one refrigerator with three stages, or three separate 
invention, a rendundant refrigeration system is pro- 50 refrigerators may be used; whenever the term "refriger- 
vided, which enables reliable long-term thermal switch- ator" is used, this term may refer to a stage. Each Set Of 
ing between a sink device to be cooled and each of a refrigerators such as 16 is shown as including three 
plurality of refrigerators which are to be alternately refrigerators or stages which, when operating, maintain 
Operated. The system can include first and second gas temperatures of 8' K., 20' K., and 80" K., respectively. 
gap heat switches (38,44) that each can thermally COU- 55 When the refrigerators of the first set 16 are operating 
ple a different one of two refrigerators (18, 26) to the and therefore cold, each is thermally coupled through a 
sink device (12). A first sorption pump (50) is thermally Corresponding closed heat switch 38-42 to a corre- 
coupled to the first refrigerator, and is coupled through sponding location 32-36 on the sink device. At that 
a conduit (58) to the second heat switch. Similarly, a time, the second set of refrigerators 24 are all nonoper- 
second sorption pump (52) is thermally coupled to the 60 ating and therefore warm, and the corresponding heat 
second refrigerator and coupled through a conduit to switches 44-48 are all open to thermally isolate the 
the first heat switch (38). When the first refrigerator is warm refrigerators from the sink device. 
cold while the second is warm, the first sorption pump The heat switches 38-48 are of a type which includes 
(50) is cold and draws out gas from the second switch two conductors with a small gap between them which 
(e)) to thereby isolate the warm second refrigerator 65 can either be filled with gas (i.e., containing gas at an 
from the sink device. At the same time, the second appreciable pressure) which conducts heat across the 
pump (52) is warm SO it desorbs gas that closes the first gap or which can be substantially devoid of gas @e.. 
heat switch (Sa), to thermally couple the first refrigera- containing gas at a low pressure) so there is little flow of 

and the second is energized and warm. 

both refrigerators are cold. 

described in U.S. Pat. No. 4,366,680 can provide reli- second refrigerator and the first One warm* 

SUMMARY OF THE INVENTION 
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heat across the gap. The heat switches are controlled by 
sorption. or adsorption, pumps 50,52 which adsorb gas 
when cold, to thereby draw in gas into their passages 
(54). and which desorb gas when warmed to thereby 
release gas to flow out of their passages. 

The first sorption pump 50 is thermally coupled along 
the thermal path indicated at 56 to the first refrigerator 
18, so when the first refrigerator is cold, the first heat 
pump 50 adsorbs gas. The first heat pump is coupled 
through a conduit or tube 58 to each of the second heat 
switches 44-48. When the first pump 50 is cold, it draws 
gas out of the second switches 44-48, which causes such 
second switches to be opened so they do not conduct 
heat well across their opposite! ends 60.62. Thus, when 
the first refrigerator 18 is cold, the first pump 50 is also 
cold and adsorbs gas, which causes the second heat 
switch 44 to be open. Such opening of the switch 44 is 
important to assure that "coldness" is not lost by pas- 
sage of large amounts of heat from the warm refrigera- 
tor 26 through the switch 44 to the sink device. The 
other refrigerators and switches, for the 20' K. and the 
80' K. temperatures, operate in a similar manner. 

If one of the fmt refrigerators 16 should stop operat- 
ing properly, a control circuit 70 switches electricity 
from the first set of refrigerators 16 to the second set 24. 
The second set of refrigerators 24 then become cold 
while the first set 16 becomes warm as its temperatures 
rise towards the ambient temperature. As the tempera- 
ture of the second refrigerator 26 decreases, the temper- 
ature of the second pump 52 also decreases becaw it is 
thermally connected through a thermal path 72 to the 
second refrigerator. As the second pump becomes cold, 
it begins to  adsort, gas, thereby drawing gas through 
conduit 73'away from the first heat switches 38-42, and 
thereby opening the heat switches 38-42. When the first 
heat switches such as 38 are opened, they isolate the 
sink device U from the first refrigerator such as 18, to 
reduce ~ ~ c c e s s ~ l y  heat gain. As the first refrigerator 
18 becomes warmer, the first pump 50 thermally cou- 
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pled thereto also becomes warmer and starts to &orb 40 
gas. Such desorbed gas passes through conduit 58 to the 
second heat switches such as 44 to close those switches 
and thermally couple the second refrigerators 24 to the 
sink device. 

44, whose opposite ends 60.62 can thermally couple or 
isolate the sink device from a refrigerator. The heat 
switch includes fvst and second thermally conductive 
elements 80.82 that each includes a base 84.86 and a 
plurality of fins 90.92 projecting from the correspond- 50 
ing base. The fins of the two elements are interleaved, 
but out of direct contact, to leave thin gaps 94 (less than 
0.01 inch thick, but preferably 0.002 inch thick or less) 
between them. When the gaps W are occupied by ther- 
mally conductive gas at a substantial pressure. consider- 55 
able heat can be passed through the gap to thermally 
couple the elements and therefore the opposite ends 60, 
62 of the switch. When the gas pressure is very low, the 
heat conductivity is also very low. The gaps are part of 
passages 96 that are coupled to the tube or conduit 58 60 
that carries gas between the heat switch and the corre- 
sponding heat pump 50. A pair of metal straps 100, 102 
thermally couple the opposite ends 60, 62 of the heat 
switch respectively to the second refrigerator and the 
sink device. ' 65 

FIG. 4 shows the first heat pump 50 which includes a 
chamber 106 filled with a fluid-adsorbing material 108 
such as charcoal which can adsorb a variety of suitable 

FIGS. 2 and 3 illustrate a gas gap heat switch such as 45 

4 
fluids such as helium gas, hydrogen gas. nitrogen gas  
and neon gas. The charcoal material is bonded onto the 
chamber wall by indium or epoxy for heat transfer 
enhancement. The heat pump 50 is thermally coupled 
by a silver wire 110 to the first refrigerator 18 so that 
the heat pump is maintained at about the same tempera- 
ture as the first refrigerator 18. With helium as the gas. 
the amount of helium gas in the fluid-carrying volume 
coupled to pump 18 is of an amount that allows the 
charcoal in the pump to adsorb sufficient gas to leave a 
pressure of only about 10-6 torr or less when the char- 
coal is at 9' K. The pressure of the gas rises at increasing 
charcoal temperatures, until the pressure may be about 
100 torr (sufficient for high thermal conductivity) at a 
charcoal temperature of 40' K. The pressure required 
for good thermal conductivity varies with the gas, the 
temperature, and the gap sue. In almost all situations a 
pressure above 1 torr is required for good conductivity. 

Referring again to FIGS. 2 and 3, it can be seen that 
the width W of the spaces between fins of the first ele- 
ment 80 are greater than the thickness T of the fins of 
the second element. A ring 112 of material having a low 
thermal conductivity such as stainless steel, encircles 
base portions of the cylindrical elements, to hold it in 
alignment. In one heat switch constructed as shown in 
FIGS. 2 and 3. with the elements 80.82 of copper, each 
element had a diameter of 2 inches, the fins had a thick- 
ness T of 0.125 inch and a length L of 1.0 inches, and the 
gap thickness G was 0.002 inch. The ring 112 had a 
thickness of 0.002 inch. The conductance ratio, which is 
the conductance when the switch is filled with gas 
(such as helium at a pressure of 100 torr) divided by the 
conductance when the switch contains gas at a low 
pressure (such as 10-6 torr), was about 10.000. Gold 
plated fins and a thinner ring 112 will further increase 
the switch ratio. This may be compared with the ratio 
of prior art switches such as shown in U.S. pat. No. 
4,366,680 of about 200. 

FIGS. 5-8 illustrate a portion of the system of FIG. .l, 
at times shortly after turn off of the first set of refrigera- 
tors 16 and energization of the second set of refrigera- 
tors 24. Initially, although refrigerator 18 is off, it and 
pump 50 are still cold, so switch 44 remains open, and 
the second refrigerator 46 and its pump 52 are still 
warm and the first switch 38 remains closed. 

FIG. 6 illustrates the condition where the second 
refrigerator 26 and second pump 52 have been cooled 
down sufficiently so that the first switch 38 is opened. 
Cooling of the second refrigerator when it is turned on 
occurs more rapidly than heating of the first refrigera- 
tor 18 when it is turned off, so the situation in FIG. 6 
exists for a short period of time. During operation in 
FIG. 6. the heat device 12 is isolated from both refriger- 
ators, and its temperature rises slowly due to heat gain 
from the environment. 

FIG. 7 illustrates the situation when the first refriger- 
ator and first heat pump 18,W have warmed sufficiently 
that the second switch 44 is closed, so that the second 
refrigerator can begin cooling the sink device. In one 
system designed for infrared sensors on a surveillance 
satellite, it is estimated that the period required for the 
turned off refrigerator 18 to heat to a temperature at 
which the second switch 44 is substantially closed is 
about eight hours, and the condition of FIG. 6 where 
both switches are open occurs for a period of about 
three to four hours. The heat capacity of the sink device 
is sufficient to keep the infrared sensors operating dur- 
ing this period of about three to four hours. This period 

.. r i  

~" 

,' 

:._ 

-. 



4,771,823 
5 6 

of time is very short in comparison with the useful life 
of perhaps five to ten years or more of the entire system. 

Volatiles can be eliminated from optical elements on 
the sink device 12, by heating the sink device to a high 
temperature at which the volatiles are driven off. Dur- 5 
ing such times, both refrigerators 18, 26 can be oper- 
ated, as shown in FIG. 8, to keep their corresponding 
pumps 50, 52 cold to keep both switches open. 

Thus, the invention provides a system with a plurality 
of refrigerators such as two wherein the second is to 10 
serve as a back up for the first, which automatically 
thermally Couples the cold refrigerator to a sink device 
while thermally isolating the warm refrigerator there- 
from. The system includes a pair of gas gap heat 
switches that each re+-- ---.-I yalu ---l uiscnarges A - - %  

that each has a high thermal conductivity only when a 
substantial amount of fluid is present, and a pair of sorp- 
tion pumps that are coupled through tubes or conduits 
to the switches. A first sorption pump that is thermally 
coupled to a first refrigerator is coupled through a con- 20 

sink and second refrigerator, to open the second switch 
when the first refrigerator is cold. Similarly, a first 
switch which couples the first refrigerator to the sink 
device is coupled through a conduit to the second 25 
pump' The heat 'witches can each be constructed Of 
elements having multiple interleaved fins that are out of 
contact and which have thin gaps between them, into 
which gas can be pumped in or out. 

have been described and illustrated herein, it is recog- 
n i z d  that modifications and variations 

second element. and including means for holding 
said elements adjacent to each other with said fins 
of said first and second elements interleaved but 
out of direct contact with each other to leave thin 
gaps between them; 

said first heat switch also including walls forming 
passages leading to said gaps; 

said sixth means comprises a conduit extending be- 
tween said passages of said first heat switch and 
said second pump. 

3. The system described in claim 1 wherein: 
said sink device has locations of different tempera- 

tures, said first and second refrigerators being cou- 
p!ed :h:ixgii said switch to a first sink location of 
low temperature, and said system includes addi- 
tional first and additional second refrigerators and 
additional first and second heat switches respec- 
tively coupling said additional first and second 
refrigerators to a second sink location which has a 
higher temperature than said first location; 

pump and said additional second switch; 

ond pump and said additional first switch. 

and Is 

duit to the second switch which lies between the heat fifth meanS also fluid between said first 

said sixth fluid between said see- 

4. A method for use with a dual refrigeration system 
which includes first and second refrigerators that are to 
be alternately thermally coupled to a sink device which 
is to be kept cold, so that when one refrigerator is cold 

of the invention 3o and the other warm, the cold refrigerator is thermally 
coupled to the sink device and the warm one is ther- 
mallv isolated from the sink device, comprising: 

also 

Although 

occur to those skilled in the art, and consequhy ,  it is 
intended that the claims be interpreted to cover such 
modifications and equivalents. 35 

What is claimed is: 
1. A system for coupling a cold one of two refrigera- 

tors to a sink device that is to be kept cold, while ther- 
mally disconnecting the warm one of the two refrigera- 

first and second heat switches that each can receive 
and discharge a heat conducting fluid and that each 
has a high thermal conductivity when a large 
amount of fluid is present in the switch and a low 
thermal conductivity less than said high conductiv- 45 
ity when only a small amount of said fluid that is 
less than said large amount is present in the switch; 

first and second sorption pumps that each adsorbs 
said fluid when the pump is at a cold temperature 
and which adsorbs less fluid to thereby enable 50 
release of the fluid when the pump is at a warm 
temperature above said cold temperature; 

first and second means for coupling said sink device 
to said first and second refrigerators respectively 

third and fourth means for thermally coupling said 
first and second pumps respectively to a first and 
second of said refrigerators; 

fifth means for carrying said fluid between said first 

sixth means for carrying said fluid between said sec- 

2. The system described in claim 1 wherein: 
said first heat switch comprises first and second ther- 

mally conductive elements, each having a base and 65 
a plurality of parallel fins projecting from the base, 
the spaces between the tins of said first element 
being greater than the thickness of the fins of said 

tors from the device, comprising: 40 

through said first and second heat switches; 55 

pump and said second switch; 60 

ond pump and said first switch. 

esiablishing first and second heat switches that ther- 
mally couple said sink device respectively to said 
first and second refrigerators, wherein each switch 
is a gas gap switch that has a passage that can re- 
ceive and discharge gas and wherein each switch is 
closed to conduct heat when it has received gas 
and is opened to not conduct heat when it has 
discharged most of the gas that was received; 

establishing first and second gas pumps that each has 
a passage that is connected to one of said switches, 
each pump constructed to receive and discharge 
gas when respectively heated and cooled; 

thermally coupling said first gas pump to said first 
refrigerator, and coupling the passages of said first 
pump and second heat switch to allow gas to pass 
between them; 

thermally coupling said second gas pump to said 
second refrigerator, and coupling the passages of 
said second pump and first heat switch to allow gas 
to pass between them. 

5. The method described in claim 4 wherein: 
said sink device comprises an optical device; and 
means for heating said optical device to vaporize 

contaminants, while operating both said first and 
second refrigerators to open both said first and 
second switches. 

6. A system comprising: 
first gas heat switch having first and second elements 

formed of high thermal conductivity material, each 
element having a base and a plurality of parallel 
fins extending from the base. 

means for holding said elements with said fins inter- 
leaved but out of contact. with gaps between said 
fins being less than 0.01 inch thick, and with the 
length of interleaving being a plurality of times 
greater than the width of said fins, and 
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means forming a passage for carrying fluid into and respectively thermally coupled to said first and 

second switches. out of said gaps; 

cal to said first mentioned heat switch; 
a second gas h a t  switch which is substantsly identi- a sink device which is to be kept 

the first and second elements of said first switch being 
thermally coupled respectively to said first refrig- 
erator and said sink device, and 

the first and second elements of said second switch 
being thermally coupled respectively to said set- 
ond refrigerator and said sink device. 

5 
first and second refrigerators; 
first and second adsorption pumps, respectively cou- 

pled to the passags of said second and first 
switches to carry fluid between each pump and a 
corresponding switch, said first and second pumps 10 . * . . .  
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