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A heat dissipating instrument package of a spacecraft, 
located in a canister having walls in heat transfer rela- 
tionship with the package, is maintained at a substan- 
tially constant temperature. Fixed conductance heat 
pipes on the canister walls are connected to variable 
conductance heat pipes, mounted on a radiator struc- 
ture separated from the canister walls by a thermal 
blanket. The effective radiating area of the radiator 
structure is controlled by the variable conductance heat 
pipes in response to a comparison of a sensed tempera- 
ture of the instrument package or the canister wall with 
a seat point value. The comparison controls a heater in 
a gas reservoir containing a non-condensable gas of the 
variable conductance heat pipe. To enable the set point 
to be varied over a relatively wide range, such a 0"-30" 
C., a thermal radiation shield for the gas reservoir pre- 
vents radiant energy from the exterior environment and 
thermal energy reflected from the spacecraft from over- 
heating the non-condensable gas. In one embodiment, 
variable conductance heat pipe headers are provided 
between the canister and radiators, with isothermalizer 
feeder pipes on the radiators and canister walls; in fur- 
ther embodiments, variable conductance heat pipe 
feeder pipes are coupled directly between the canister 
walls and one or more radiators. 
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aluminum and stainless steel, while the vaporizable 
fluids are usually ammonia or freon. This basic, or con- 
ventional heat pipe is known as a fixed conductance 
heat pipe. 

A variation of the fixed conductance heat pipe is a 
variable conductance heat pipe. The variable conduc- 
tance heat pipe contains a non-condensable gas which 
occupies a portion of the cold end of the heat pipe and 
enables the heat flow to be modulated. In response to an 
increase in heat at the evaporator end of the heat pipe, 
the vapor pressure increases to force the noncondens- 
ible gas back into a reservoir at the condenser end of the 
heat pipe. The decrease in gas volume in the condenser 
exposes a greater portion of the condenser section of the 
heat pipe, so that a greater quantity of heat is removed 
from the total system. Conversely, when the heat at the 
evaporator end of the heat pipe is decreased, the gas in 
the reservoir extends farther into the condenser end of 
the heat pipe to occupy a greater portion of the con- 
denser to make it ineffective for heat transfer. The reser- 
voir enables the device to function as a variable heat 
pipe to compensate for changes in the amount of heat at 
the evaporator end of the heat pipe and to maintain a 
substantially constant temperature at the evaporator 
end of the heat pipe. 

A modification of the variable conductance heat pipe 
is known as the feedback variable conductance heat 
pipe. In the feedback variable conductance heat pipe, a 
reservoir of noncondensible gas is provided at the con- 
denser end of the heat pipe. However, a heater is placed 
in the gas reservoir to vary the volume of the non-con- 
densable gas within the condenser in response to a tem- 
perature sensor at the evaporator end of the heat pipe. 
In response to the sensor detecting a drop in tempera- 
ture, the heater is activated to cause the gas in the reser- 
voir to expand into the condenser to decrease the area 
of the condenser end of the heat pipe. The decrease in 
area of the condenser end of the heat pipe enables the 
temperature in the evaporator section of the heat pipe to 
increase. An opposite situation occurs in response to a 
higher temperature being sensed in the evaporator sec- 
tion of the heat pipe. The feedback variable conduc- 
tance heat pipe provides better control for the tempera- 
ture of a load coupled to the evaporator section of the 
heat pipe than the conventional, variable conductance 
heat pipe. 

It has been previously reported how frxed and vari- 
able conductance heat pipes can be utilized to control 
the temperature of an instrument envelope, referred to 
as an instrument canister, to a temperature of 20" C. & 1" 
C. In particular, the canister sidewalls are isothermal- 
ized by a system of longitudinal and circumferential 
heat pipes that reject heat to a radiator via variable 
conductance heat pipes which effectively vary the radi- 
ating area of the radiator. The canister walls are pro- 
vided with fixed conductance heat pipes, which are in 
heat exchange relationship with variable conductance 
heat pipes mounted on the radiator. The canister walls 
and the radiator are separated by a thermal insulating 
blanket, with heat exchange being provided by mem- 
bers at spaced locations under the blanket. A heater in 
the reservoir is controlled in response to either the tem- 
perature of the canister wall or the temperature of the 
instrument to effectively vary the radiating area. It was 
also previously reported that the system is able to shut 
down during adverse periods, such as re-entry where 
heat soak back occurs, by activating the reservoir 

1 
THERMAL CONTROL CANISTER 

ORIGIN OF THE INVENTION 
The invention described herein was made by an em- 

ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any 
royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 
The present invention relates generally to an appara- 

tus for maintaining a heat dissipating load at a substan- 
tially constant temperature, and more particularly to 
such an apparatus wherein variable conductance heat 
pipes effectively control the radiating area of a radiator. 

It is desirable in many situations to maintain a heat 
dissipating load at a set point temperature that can be 
controlled over a relatively wide range. For example, in 
certain spacecraft missions, such as the shuttle, there are 
certain experiments which must be maintained at sub- 
stantially constant temperatures regardless of the tem- 
perature of the spacecraft or its external environment. 
In the shuttle, such instruments are required to fit 
within a maximum envelope of 1 m X 1 m X 3 m, and all 
of the experiments within this envelope must be main- 
tained to a temperature of 2 1 "  C., over a variable set 
point temperature within the range of 0" to 30" C. A 
system for maintaining the instrument package to 
within this range must have a capability of rejecting 300 
watts of heat. The stated temperature range must be 
maintained even though the spacecraft is in many differ- 
ent environments having different heating effects on the 
instrument envelope. For example, the spacecraft may 
be exposed to the sun, or it may be in the dark, or it may 
be re-entering the atmosphere of earth, at which time 
the spacecraft skin temperature increases to almost loo" 
C. 
Three thermal control concepts have been previously 

proposed to control the temperature of the instrument 
envelope. These are: 

(1) a heated envelope with thermostat control, 
(2) a fluid loop with radiators, and 
(3) a heat pipe system. 

Feasibility studies indicated that the heat pipe system 
appears to be the most promising approach to maintain 
the instrument envelope to the required temperature. It 
was found that the fluid loop system places an addi- 
tional burden on a heat rejection system of the space- 
craft. In addition, to couple the fluid loop system into 
the system involves the use of complex interfaces, such 
as heat exchangers, pumps, and rotary joints. The use of 
a heated canister with thermostatic control requires a 
significant amount of power. 

Heat pipes are thermodynamic devices employing the 
latent heat of evaporation of a fluid and wicking system 
to transport large quantities of heat with small tempera- 
ture dserences between opposite ends of a tube. Heat 
applied to one end (frequently referred to as the evapo- 
rator) of the pipe vaporizes a fluid that flows to the 
other, cold end of the pipe. At the cold end (frequently 
known as the condenser) the vapor is condensed caus- 
ing heat to flow out of the pipe. The condensed liquid 
returns to the hot end of the pipe via a wick, without the 
aid of gravity, by capillary forces in the wick. In outer 
space applications, where there is no gravity, this fea- 
ture makes the heat pipe ideal for temperature control. 
The heat pipe containers and wicks are usually made of 
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heater on command and forcing gas into the heat pipe, (3) the variable conductance heat pipe feeder design 
to prevent the radiators from transferring heat from the provides automatic compensation if gas is lost from one 
hot walls of the spacecraft back into the instrument of the variable conductance heat pipes because the 
package. other variable conductance heat pipes compensate. If 

The prior art system was found to have certain disad- 5 there is enough leakage to cause a significant loss of 
vantages. In particular, it was capable of operation only fluid in the header design, there is a decreased heat pipe 
around a set point within the vicinity of 20" C., and capability, while in the feeder pipe design, the remain- 
attempts to control the set poht over a range of 0" to ing variable conductance heat pipes compensate for the 
30" C. were not possible. In addition, it was found that leakage. Because the heat pipes of the feeder design do 
variable conductance heat pipe headers between the lo not have to be at right angles to header p i p  for the 
canister and radiators with isothermalizer heat pipes on noncondensible fluid, the feeder design is easier to test 
the radiators had a number of disadvantages, as follows: under terrestrial conditions. 

(1) rapid freeze-out of the fluid in the isothermdizers, It is accordingly an object of the present invention to 
(2) Poor thermal coupling between the Canister and provide a new and improved apparatus for maintaining 

heat rejecting surfaces, an important factor when at- l5 a heat dissipating load at 51 substantially constant tern- 
tempting to control the canister temperature to a low perature. 
set point in a warm environment, Another object of the invention is to provide a new 

(3) Poor redundancy bea~use the kader design re- and improved apparatus for controlling the temperature 
quires one variable conductance heat pipe to operate 2o of an instmment envelope of a spacecraft. 
correctly; but if redundancy is necessary, two variable A further object of the invention is to provide a heat 
conductance heat pipes are necessary, and pipe system for maintaining the temperature of a load 

(4) poor ground testability because the header con- 
cept requires feeder pipes to be at right angles to the additional object of the invention is to provide a 
header pipes, resulting in a difficult, if not impossible 25 new and improved apparatus for enabling the tempera- 
configuration for ground tests in the heat pipe mode. ture of an instment packet of a to be &- 

With regard to the poor redundancy disadvantage, it &ed constant with a heat pipe apparatus, wherein a set 
is noted that if either of the variable conductance heat value for the temperature be Over a 
pipes required for redundancy develops a small leak, relatively large range. 
resulting in a gas loss, excessive radiator area would be 30 yet another object of the invention is to provide 
active and the desired control would not be achieved. new and improved conductance heat pipe ap 

SUMMARY OF THE INVENTION paratus for maintaining a load in an instrument packet 
or canister relatively constant, without dangers associ- 

In accordance with one aspect of the invention, the ated with rapid freezesut of fluid in an isothermJzer 
reason why the prior art device could operate only over 35 heat pipe. 
a narrow range was found to be that the reservoir of the Still an additional object of the invention is to provide 
variable conductance heat pipe has a tendency to be a conductance heat pipe apparatm having im- 
heated by radiation directed onto it from the skin of the proved thermal coupling between a canister for a load 
spacecraft, as well as from energy reflected from bays and heat included within the spacecraft. By placing a radiation 40 Yet a further object of the invention is to provide a reflector in a path between the radiation source and the heat pipe apparatus for maintaining the temperature of a reservoir, such radiation does not reach the reservoir load in an instrument packet c o n s ~ t ,  

wherein the heat pipe apparatus indirectly has redun- and the set point can be varied over the relatively wide 
range of 0" to 30" C. To this end, the reservoir is pro- dancy characteristics in the event of a failure to one of vided with reflecting surfaces that face the spacecraft 45 the variable conductance heat pipes. skin and the bays. In addition, a quantity of non-conden- 

gas is introduced into the reservoir so that the Yet an additional object of the invention is to provide 
condenser is fully blocked at substantially zero degrees a conductance heat pipe for an in- 

tively breaks the conduction path between the fixed and 50 apparatus is easily tested On the ground. 
variable conductance heat pipes. The above and still further objects, features and ad- 

constant. 

surfaces. 

centigrade and the coldest si& temperature. This effec- strunlent package of a wherein the heat Pipe 

The disadvantages associated with the variable con- become apparent 
ductance heat pipe headers between the canister and Upon consideration of the fOllOWhg detailed description 
radiators with isothermalizer feed pipes on the radiators em-ent~ thereof, espeCd1Y 
and canisters are overcome by locating variable con- 55 when taken in conjunction with the aCComPmying 
ductance heat pipe feeder pipes in a thermal blanket 
between the canister and radiator so that there is direct 
heat transfer by the variable conductance heat pipe 
feeder pipes between the canister and radiators. The 
variable conductance heat pipe feeder design is superior 
to the variable conductance heat pipe header design for 
a number of reasons, viz.: p (1) the feeder design does 
not suffer from rapid freeze-out of fluid in isothermaliz- 
ers; 

pling between the canister and heat rejection surfaces to 
enable lower set points to be achieved in warm environ- 
ments; 

Of the present invention 

of several 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a pemPective view flustrating the manner in 

which a thermal canister that is maintained at a constant 
temperature in accordance with the present invention is 
located On one Particular spacecraft; 

FIG. 2 is an exploded, perspective view of a canister 
that is cooled in accordance with the invention; 

FIG. 3 is a side view of the canister illustrated in FIG. 
2; 

FIG. 4 is a schematic diagram of the heat pipe system 
employed in the present invention; 

(2) the feeder pipe design has superior thermal cou- 65 
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FIGS. 5 and 6 are side sectional views of two embodi- 
ments of an improved reservoir structure adapted to be 
utilized with the canister configuration of FIG. 3; and 

FIGS. 7-9 are perspective and side sectional views of 
different embodiments of the invention wherein a vari- 
able conductance heat pipe extends through an insulat- 
ing blanket to be in heat exchange relation with portions 
of radiators and walls of a canister that holds instru- 
ments to be maintained ab differing constant tempera- 
tures. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference is now made to FIG. 1 of the drawing 
wherein a spacecraft 11, with a configuration known as 
the space shuttle, includes a mid-bay section 12 in which 
various instrument packages are located. One of the 
instrument packages in bay section 12 is a canister 13, 
which houses various electronic and other components 
that generate heat. These components must be main- 
tained at a relatively constant temperature of & 1" C., at 
a selected setpoint value over a range from 0 to 30" C. 
During take-off and re-entry, bay 12 is separated from 
the environment surrounding the spacecraft by activat- 
ing doors 14 to a closed position. When spacecraft 11 is 
in orbit, doors 14 are opened so that canister 13 is sub- 
jected to the cold, black body environment of outer 
space. However, canister 13 can be exposed to consider- 
able heat while doors 14 are open because of direct solar 
heating of the canister, as well as because of reflections 
of radiant energy from the interior of bay 12 onto the 
exterior of canister 13. During re-entry, while doors 14 
are closed, frictional heating of the doors may cause the 
interior of bay 12 to reach a temperature on the order of 
low c. 

As illustrated in FIG. 2, canister 13 includes two 
sections 15 and 16, formed as right parallelpipeds and 
having aligned longitudinal axes. Sections 15 and 16 are 
mechanically and electrically connected together by a 
frame 17 that includes electrical connectors. Identical 
heat pipe systems are provided to maintain sections 15 
and 16 at substantially the same, constant, settable tem- 
peratures. Because the heat pipe systems for sections B5 
and 16 are the same, the heat pipe system for section 15 
only is described. It is to be understood, however, that 
the same heat pipe system is provided for canister BB, 
and that sections 15 and 16 are linked together conduc- 
itively through frame 17. 
As illustrated in FIGS. 2 and 3, canister section 19 

includes four longitudinal metal walls 21-24 at mutually 
right angles. Walls 21-24 are interconnected with each 
other at the comers of canister section W to form a 
complete enclosure of heat generating instruments 25 
I m t d  wi& the canister section. The enclosure for 
canister section 15 is completed by providing metal 
door assembly 26 at the open end of the section. Door 
assembly 26 includes a pair of parallel panels 27 and 27u 
fabricated of a material having relatively low thermal 
conductivity. 

Mounted on the periphery of walls 21-24 is a system 
~f conventional heat pipes i.e., heat pipes having hot 
and cold ends, a vaporizable fluid, and a wicking struc- 
owe, but without reservoirs as exist in the variable con- 
ductance heat pipes and the feedback variable conduc- 
tance heat pipes. The heat pipes mounted on walls 
21-24 are classified as transfer pipes 28 and isothermal- 
ker  pipes 29. Transfer pipes 28 are positioned on walls 
21-24, at right angles to the longitudinal axis of canister 
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6 
15, in proximity to the two ends of the canister. Isother- 
malizer heat pipes 29 extend between transfer heat pipes 
28 and run longitudinally of canister 15. Heat pipes 29 
have ends in heat exchange relationship with heat pipes 
28, but there is no fluid flow between the isothermalizer 
and transfer heat pipes. Because walls 21-24 are made of 
a material having a relatively high thermal conductiv- 
ity, such as honeycomb or aluminum plates, and the 
walls are bolted together, the walls are in close thermal 
heat transfer relation with each other. Thermal comrnu- 
nication between walls 21-24 is also established by 
transfer heat pipes 28, interconnected with each other at 
the edges between walls 21-24 

Surrounding walls 21-24, as well as heat pipes 28 and 
29, is a thermal insulator 31, preferably of a type em- 
ploying multiple layers of aluminized Kapton. 

On the portion of insulator 31 that is in the field of 
view of the outer space environment through which 
spacecraft 11 is traversing, i.e., the portion of insulator 
31 directly above wall 21, there is located a thermal 
radiator 32, in the form of an aluminum sheet. Travers- 
ing and embedded in radiator 32 are a number of heat 
pipes 4 1 4 ,  that extend parallel to the longitudinal axis 
of canister section 15. While five heat pipes are shown 
as embedded in radiator 32, it is to be understood that in 
actuality there may be more such heat pipes embedded 
in the radiator. 

Heat pipes 4145 are mechanically connected to feed- 
back variable conductance heat pipe 46 so that pipes 
41-45 are in heat exchange with pipe 46, but no fluid 
flow is provided from pipes 41-45 to pipe 46, or vice 
versa. Pipe 46 extends through hulation layer 31, to be 
in mechanical and heat transfer contact with transfer 
pipes 28 (but not in fluid-flow relation) at the edge of 
canister section 315 defined by the intersection of walls 
21 and 22. Heat pipe 46 functions as a header to establish 
a heat exchange relationship between transfer pipes 28 
and a selected number of heat pipes 41-45. The number 
of heat pipes 48-45 in heat exchange relationship with 
transfer pipes 28 is determined by the volume of gas 
extending from a gas reservoir 47, at the condenser end 
of heat pipe 46. The gas in reservoir 47 flows down a 
length of heat pipe 46 to control the effective heat ex- 
change length of heat pipe 46. 

As the gas in reservoir 47 expands, an increasing 
length of heat pipe 46 is filled with the gas which blocks 
the flow of heat from the heat pipe 46 to heat pipes 
41-45, having ends adjacent the portion of heat pipe 46 
that is filled with the gas. In the illustrated configura- 
tion, the ends of heat pipes 41 and 42 are adjacent the 
portion of heat pipe 46 that is filled with gas, while the 
ends of heat pipes 43-45 are in heat transfer communica- 
tion with a portion of heat pipe 46 that is not filled with 
the gas. Thereby, heat pipes 41 and 42 are not in heat 
exchange relationship with the vaporizable fluid that 
flows through the remainder of heat pipe 46, while heat 
pipes 4345 are in indirect communication with this 
fluid. 

Hence, heat transfer is provided from heat pipes 28 to 
heat pipes 43-45 at the edge of canister section 15 adja- 
cent the intersection of walls 21 and 22. Heat is there- 
fore radiated from instrument 25 to walls 21-24 and 
flows from the walls to isothermalizer heat pipes 29. 
From heat pipes 29, heat flows to transfer heat pipes 28 
and thence to the portion of feedback variable conduc- 
tance heat pipe 46 that is not occupied by gas from 
reservoir 47. The heat that flows into heat pipe 46 from 
transfer pipe 28 flows into heat pipes 434, but not into 



7 
4,142,701 

8 

sensors jl or 52 differing from the set point level tem- 
perature from source 54, controller 53 is activated to 
control the flow of current from power source 55 to 
heater 56. In response to the sensed temperature being 
greater than the set point temperature, an indication is 
provided that additional heat must be coupled from 
instrument 25 to radiator 32. Thereby, controller 53 
responds to the sensed and set point temperatures to 
reduce the power supplied to heater 56, so that the 
volume of gas occupying the condenser of heat pipe 44 
is decreased and an increased effective radiating area 
for radiator 32 is provided. In response to the opposite 
situation, additional power is supplied by source 55 to 
heater 56 and the volume of gas in reservoir 47 and heat 
pipe 46 is increased, to decrease the effective radiating 
area of radiator 32. 

During re-entry when bay 12 of spacecraft 11 may 
reach a temperature of loo" C., the temperature of can- 
ister 13 is maintained substantially constant, approxi- 
mately at the setpoint temperature by thermally insulat- 
ing the canister from the bay. To this end, the effective 
area of radiator 32 is reduced to zero by increasing the 
current applied to heater 56 so that all of heat pipes 
41-45 are thermally isolated from heat pipe 28 by com- 
pletely blocking the condenser of heat pipe $6. In this 
mode, open loop activation of heater 56 is provided so 
that the heater is responsive to a predetermined current 
derived from controller 53, and the output of the tem- 
perature transducers has no effect on the heater current. 

In the past, gas reservoir 47 absorbed a considerable 
amount of heat from solar radiation impinging directly 
on it, as wall as from solar radiation reflected from the 
interior of bay 12. The radiation absorption occurred 
because of the material and external dark color of reser- 
voir 47. The radiation absorption causes the gas in reser- 
voir 47 to be heated extensively, so that the temperature 
setpoint was virtually invariable, and was required to be 
set substantially at 20" C. 

In accordance with one aspect of the present inven- 
tion, reservoir 47 is provided with .a heat reflector to 
prevent radiation heating of the gas inside of the reser- 
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heat pipes 41 and 42. Thereby, area 48 of radiator 32 
over heat pipes 43-45 is effective to remove heat from 
instrument 25, while portion 49 of the radiator over heat 
pipes 41 and 42 is not effective to remove heat from 
instrument load 25. 5 

The effective radiating area of radiator 32 is con- 
trolled as a function of the temperature of instrument 25 
or the temperature of one of the walls of canister section 
15. As the temperature of the instrument or of the wall 
varies, the volume of gas in heat pipe 46 increases and 10 
decreases to control the effective radiation area of radi- 
ator 32. To these ends, a temperature sensor, such as a 
thermistor 51 or 52, is either on the wall of instrument 
25 or on a wall, such as wall 24, of canister 15. 

pled to a conventional on-off thermostat within control- 
ler §3 that is also responsive to a temperature set point 
level change signal, as derived from source 54. The set 
point level change derived from source 54 can be vari- 
able over a relatively wide range, from 0" C. to 30" C., 20 
in accordance with the invention. Controller 53 re- 
sponds to the set point level change signal from source 
54 and the signal from one of sensors 51 or 52 to derive 
an error signal that controls the application of power 
from a suitable source, such as DC source 55, to an 25 
electric heater 56 that is immersed in reservoir 47. 

In remonse to the sensed temDerature from one of 

A signal from one of the temperature sensors is cou- 15 

voir. In one configuration, illustrated in FIG. 5, a pair of 
aluminum plates 61 and 62 cover the upper, exterior 
portion of reservoir 47, and are bonded to the reservoir 
by weld joints 63. Plates 61 and 62 intersect at their top 
edges, to form a tent-like structure that faces outwardly 
of bay 12, toward doors 14 when the doors are closed. 
Plates 61 and 62 are covered with a highly radiation 
reflective material, such as silverized Teflon steel, so 
that solar radiation is not absorbed significantly by the 
fluid in reservoir 47. 

The configuration of FIG. 5, however, is relatively 
expensive to fabricate, and does not provide sufficient 
shielding of reservoir 47 from solar radiation reflected 
from the interior of bay 12 against portions of the sides 
of reservoir 47 or the underneath portion of the reser- 
voir. To obviate this problem, reservoir 47 is formed of 
a stainless steel cylinder 64, as illustrated in FIG. 6. The 
stainless steel cylinder is coated with a highly reflective 
coating 65 on the side facing the sun and reflects solar 
radiation directed at it through open doors 14. Insula- 
tion 66 on all the other surfaces reflects solar radiation 
from the interior of bay 12 (FIG. 6). It was found that 
the configuration of FIG. 6 reduced the solar radiation 
heating of the gas in reservoir 47 to enable the setpoint 
for the temperature of canister 13 to be variable, any- 
where over the relatively wide range of 0" to 30" C. 

In accordance with another aspect of the invention, 
the variable conductance heat pipe header between the 
canister and radiators is replaced by variable conduc- 
tance heat pipe feeder pipes located in a blanket be- 
tween the canister and radiator. FIGS. 7-9 are perspec- 
tive and side sectional views of embodiments wherein 
the variable conductance heat pipe feeder pipes are in a 
thermal blanket between the canister and radiator. 

Referring to FIG. 7, a metal canister 71 having a 
square cross section contains a heat dissipating instru- 
ment 72. The exterior, exposed walls of canister 71 are 
completely covered by a thermal insluating blanket 75, 
formed of multilayer Kapton blankets. The side of blan- 
ket 75 facing the doors of the shuttle is covered by a 
thermal radiating sheet 77. Transfer pipes 73 are 
mounted on the inside corners of canister 71 and extend 
along the length of the canister to draw heat from the 
central regions of the canister walls toward the corners. 
Extending transversely to the length of canister 71 are 
spaced separate feedback variable conductance heat 
pipes 74, each having a first portion that is embedded in 
radiator 77 and a second part that extends along the 
exterior of a wall of canister 71 at right angles to the 
plane of radiator 77. These two portions of heat pipes 74 
are interconnected by an additional portion of the heat 
pipe which extends through the corner of blanket 75. 
muid reservoirs 78 for variable conductance heat pipes 
74 are located at the ends of pipes 76 that are outside of 
the blanket 35 . Extending along the exterior length of 
canister 71 are isothermilizer heat pipes (not shown), 
similar to heat pipes 29, FIG. 2; similar, longitudinally 
extending heat pipes are provided in FIGS. 8 and 9. 

The effective radiating area of radiator 77 is con- 
trolled in response to the temperature of instrument 72 
3r the temperature on wall 71. To this cnd, a tempera- 
ture sensor 79 is fixedly mounted on instrument 72 (a 
similar sensor can be mounted on the wall of canister 
71) to control the temperature of gas in reservoir 78 in 
the manner described supra in connection with FIG. 4. 
As the temperature of the gas in reservoir 38 increases, 
there is a decreased effective heat transfer area along 
the length of heat pipes 74 and radiator 77, to decrease 
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the effective radiation area of radiator 77. Heaters (not 
shown) in reservoirs 78 may be ganged together to 
operate from a single error signal from sensor 79. 

A number of instruments can be controlled to sepa- 
rate setpoint temperatures in a single canister, as illus- 
trated in the embodiments of FIGS 8 and 9. In the em- 
bodiment of FIG. 8, a pair of instrument packages 81 
and $2 are located in separate, thermally insulated com- 
partments 83 and 84 of canister 85. Canister 85 includes 
metal walls 86-89 arranged so that walls 86 and 87 
intersect each other at a diametrically opposite edge 
from the intersection of walls 88 and 89. The edge be- 
tween walls 86 and 89 is formed by a heat insulating 
wedge 91 and a similar wedge 92 is provided at the 
diametrically opposed corner, between walls 87 and 88. 
Extending between wedges 91 and 92 is a heat insulat- 
ing layer 93 which functions as a common boundary for 
compartments 83 and 84. Instrument packages 81 and 82 
are mounted in compartments 83 and 84 by metal, high 
thermal conductivity blocks 94 which are connected to 
the walls of canister 85 approximately 4 of the distance 
along the two diametrically opposed edges where walls 
86 and 87 join and where walls 88 and 89 intersect. 

At the intersection edges for walls 86 and 87 and 
walls $8 and 89, transfer heat pipes 95, similar to heat 
pipes 73 (FIG. 7) are provided. Heat pipe % associated 
with compartment 83 has a gas reservoir 96a having a 
gas volume controlled through a heater (not shown) by 
the temperature of instrument 81 or the temperature of 
wall 86 or $7. Similarly, the volume of a gas reservoir 
W a  for heat pipe 97 is controlled through a heater (not 
shown) by the temperature of walls 88 or 89. Surround- 
ing walls 86-89 is a thermal insulating blanket 181, simi- 
lar to blanket 75, FIG. 7. The ends of heat pipes % and 
97 remote from reservoirs 96a and 97a extend through 
blanket 101 to be in heat exchange contact with transfer 
pipes 95. It may be desirable to exclude wedges 91 and 
92 and replace them with an insulation blanket and 
merely connect the interior edges of the wedges with a 
solid low thermal conductivity element that is sur- 
rounded by blanket 101. 

The temperature within each of compartments 83 and 
84 is separately controlled by varying the effective 
radiating are8 of each of the compartments. To this end, 
the exposed, outer portions of heat pipes % and 97 are 
in heat transfer relationship with radiators 103 and 104, 
respectively. In operation, heat flows from instruments 
81 and 82 via metal blocks 94 to walls 86 and 87 of 
compartment 83 and walls 88 and 89 of compartment 
84. "he heat in walls 86 and 87 flows to variable con- 
ductance heat pipes %, with the heat in pipe % being 
rejected to space by radiator 103. The effective area of 
&tor 103 is controlled by the sensed temperature of 
instrument 81 or the sensed temperature of wall 86 
and/or wall 87 equal to a setpoint temperature for com- 
partment 83. S i l y ,  the heat in walls 8% and 89 flows 
to heat pipe 97 and the heat in pipe 97 flows to radiator 
IM that radiates the heat flowing to it to outer space. 
The effective area of raditor 104 is controlled by the 
temperature of instrument 82 or walls 88 and/or 89 and 
the setpoint temperature for compartment 84. The ef- 
fective areas of radiators 103 and 104 are controlled by 
heat pipes 96 and 97 and reservoirs 96a and 97a. respec- 
tively, are associated therewith in the manner described 
in connection with FIG. 4. Separate thermostatic con- 
trollers are used for each compartment. 

In the embodiment of FIG. 9, four instrument com- 
partments 111, ll2, 113, and 114 respectively carry 

10 
instruments 115, 116, 117, and 118. The outer bound- 
aries of compartments 111-114 are respectively defined 
by metal walls 121-124, which are thermally insulated 
from each other by wedges 125-128, at the edges of the 

5 canister between adjacent ones of the walls. Extending 
between diametrically opposed thermal insulating 
wedges 125-128 are thermal insulating curtains 129 and 
130, having a common intersection at the center of the 
canister and which define interior walls of compart- 

10 ments 111-114. Mounted on each of walls 121-124 is a 
separate feedback variable conductance heat pipe 
131-134, each having its own fluid reservoir, 131a, 
132a 133a and 134a, respectively; the gas volume of 
which is controlled by a separate temperature sensor for 

15 the wall or instrument within the particular compart- 
ment. Each of walls 121-124 is covered by a thermal 
insulating blanket 136, of the type described supra in 
connection with FIG. 7. 

Abutting against heat pipes 131-134 are metal foil 
20 radiators 141-144, respectively. The effective radiating 

area of each of radiators 141-144 is separately con- 
trolled in response to temperature sensors mounted on 
the wall or instrument within each of the compart- 
ments. Separate thermostatic controllers are used for 

While there have been described and illustrated sev- 
eral specific embodiments of the invention, it will be 
clear that variations in the details of the embodiments 
specifically illustrated and described may be made with- 

30 out departing from the true spirit and scope of the in- 
vention as defined in the appended claims. 

What is claimed is: 
1. Apparatus for maintaining a heat dissipating load at 

a canister having a plurality of walls in close thermal 
heat transfer relationship for holding said load 
therein in heat exchange relationship with at least 
one of said walls; 

a plurality of transfer heat pipes at each end of said 
canister and in heat exchange relationship with the 
exterior of each of said walls, said transfer heat 
pipes having longitudinal axes extending transverse 
to the longitudinal axis of said canister and having 
ends thereof in heat exchange relationship with 
adjacent ends of said transfer heat pipes on adja- 
cent walls; 

a plurality of isothermalizer heat pipes extending 
between said transfer heat pipes at each end of said 
canister and in heat exchange relationship with the 
exterior of said walls and said transfer heat pipes, 
said isothermalizer heat pipes having longitudinal 
axes extending parallel to the longitudinal axis of 
said canister; 

a thermal insulator surrounding the exterior of said 
walls, said transfer heat pipes and said isothermal- 
izer heat pipes; 

a thermal radiator covering at least one portion of the 
exterior surface of said thermal insulator; 

a plurality of heat pipes embedded within said ther- 
mal radiator having longitudinal axes extending 
parallel to the longitudinal axis of said canister; and 

at least one feedback variable conductance heat pipe 
in heat exchange relationship with an end of said 
heat pipes and having a longitudinal axis transverse 
to the longitudinal axis of said canister, said feed- 
back variable conductance heat pipe having one 
end extending inwardly through said thermal insu- 
lator and in heat exchange relationship with at least 

25 each compartment. 
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one of said transfer heat pipes at one of said ends of 
said canister, said variable conductance heat pipe 
including a reservoir having a noncondensible fluid 
therein that expands and contracts as a function of 
temperature for controlling the number of said heat 
pipes in heat exchange relationship with said feed- 
back variable conductance heat pipe. 

2. The apparatus of claim 1, wherein said walls of said 
canister are formed of a high thermal conductivity ma- 
terial. 

3. The apparatus of claim 2 wherein said walls are 
aluminum. 

4. The apparatus of claim 1 wherein said thermal 
insulator includes multiple layers of aluminized mate- 
rial. 

5. The apparatus of claim 1 wherein said reservoir 
includes a radiation reflector to reflect radiation h- 

7. The apparatus of claim 6 wherein said reflector 
includes a pair of aluminum plates connected to said 
reservoir and in alignment with said radiation. 

8. The apparatus of claim 6 wherein said reflector 
5 includes: 

10 

15 

pinging on A d  reservoir, said radiation reflector caus- 2o 
ing said reservoir to have a variable set point tempera- 
ture. 

6. The apparatus of claim 5 wherein said set point 
temperature is variable over a range of 0 degrees Celsius 
to 30 degrees Celsius. 25 

a reflective coating on the exterior surface of said 

an insulator surrounding a portion of said reservoir 

9. The apparatus of claim 1 further including: 
a heater within said reservoir for heating said noncon- 

densible fluid; 
a temperature sensor for sensing the temperature of 

said heat dissipating load, 
controller means coupling said heater and said tem- 

perature sensor, said controller means being re- 
sponsive to a temperature change by said tempera- 
ture sensor for changing the current to said heater 
to selectively heat or cool said noncondensible 
fluid, said noncondensible fluid expanding or con- 
tracting in response to said changing current for 
effectively varying the number of said heat pipes in 
heat exchange relationship with said feedback vari- 
able conductive heat pipe. 

reservoir for reflecting said radiation; and 

for reflecting said radiation. 

* * * * *  
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