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My invention relates to a heat transfer control and 
more particularly to a device for controlling the tempera 
ture of a body Without the use of an external source of 
power. 
Many devices are known in the prior art for controlling 

or regulating the temperature of a body. These devices 
employ some active means which adds heat by a separate 
ly powered heating element or the like or which removes 
heat by means of a separately powered refrigerating sys 
tem. All of the devices of this type require a source of 
power which is external to the body being controlled. 

There are many instances in which a body must be 
maintained at a given temperature but wherein power 
available is limited. There are other applications in 
which the control of temperature must be made without 
the use of convection as a mode of heat transfer owing 
to the absence of atmosphere. Examples of instances 
where power is not available or is limited and in which 
convection cannot normally be used as a mode of produc 
ing heat transfer are in satellites and missiles and the like. 

I have invented a heat transfer control which permits 
regulation of the temperature of a body without requiring 
external power. My device does not require heat trans 
fer by convection. My control is extremely rugged. It 
is simple in construction and operation for the result 
achieved thereby. 
One object of my invention is to provide a heat trans 

fer control which does not require a source of power. 
Another object of my invention is to provide a heat 

transfer control which operates by conduction. 
A further object of my invention is to provide a heat 

transfer control which is extremely rugged. 
Still another object of my invention is to provide a heat 

transfer control which is simple in construction and op 
eration for the result achieved thereby. 

Other and further objects of my invention will appear 
from the following description. 

In general my invention contemplates the provision of 
a heat transfer control for regulating the temperature of 
a body in which I couple the body to a heat sink through 
a variable heat conductor. Means responsive to the tem 
perature of the controlled body varies the heat conduct 
ance of the variable conductor to regulate the rate at 
which heat leaves the controlled body. 

In the accompanying drawing which forms part of the 
instant speci?cation and which is to be read in conjunc 
tion therewith: 
The ?gure is a diagrammatic sectional view of one 

form of my heat transfer control. 
Referring now to the ?gure, my heat transfer con 

trol is adapted for use with a body 10, the temperature of 
which is to be regulated or controlled by the transfer of 
heat from the body to a heat sink 12. My transfer control 
comprises a housing 14 formed of conductive metal such 
as silver or copper or the like embedded within the con 
trolled body 10. A stationary heat conductor 16 formed 
of similar metal in engagement with the body 10 connects 
the housing 14 to an intermediate housing section 18. 
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A heat conductor 20, similar to conductor 16, in intimate 
engagement with the heat sink 12 joins the intermediate 
housing portion 18 to a housing 22 embedded in the heat 
sink 12. 
My control comprises a variable heat conductor ele 

ment formed of heat conductive material indicated gen 
erally by the reference character 24, having a relatively 
large diameter portion 26 and a portion 28 of reduced 
diameter. It will readily be apparent that the portion 
23 of the conductor 24 provides a relatively high resist 
ance to the transfer of heat therealong as compared with 
the portion 26. I provide the conductors 16 and 20 with 
respective bores 30 and 32 which slidably receive the por 
tions 26 and 28 of the conductor 24. An annular recess 
34 in conductor 16 receives a conductive packing 36 
adapted to provide reduced frictional resistance and low 
resistance to heat transfer from the conductor 16 to the 
conductor portion 26. The packing 36 may, for example, 
be fine silver or copper wire in the form of wire wool or 
silver or copper amalgam packed into the recess 34. Ad 
vantageously a thin ?lm of polytetra?uoroethylene may 
be applied to the conducting surfaces of conductor 24 to 
reduce friction. Further, if amalgam is employed for 
packing the synthetic resin will prevent the mercury from 
reacting with the sliding surfaces of conductor 24. I form 
the conductor 20 with an annular recess 38 for receiving 
a conductive packing 40 similar to the packing 36, which 
ensures reduced friction and ready transfer of heat from 
the conductor 20 to the portion 28 of the conductor 24. 
From the structure just described, it will readily be 

apparent that the variable conductor 24 is supported for 
sliding movement with relation to the stationary conduc 
tors 16 and 22 carried respectively by the body 10, the 
temperature of which is to be controlled and .by the heat 
sink 12 to which heat is to be conducted. 
The housing 14 is formed with a reservoir 42 at its 

lower end. A conduit 44 connects the reservoir 42 to 
the interior of a bellows 46. A screw 48 mounted on the 
bellows 46 by any suitable means such as by welding, 
brazing or the like is threaded into the portion 26 of the 
variable conductor 24. 

In the particular embodiment of my invention illus 
trated in the drawing, I ?ll the reservoir 42 with an ex 
pansible ?uid such, for example, as mercury. A spring 
50 disposed within the housing 22 acts on a plate 52 
screwed on portion 28. The zero position of the device 
can be adjusted by turning plate 52 to position it on the 
portion 28 to regulate the force exerted on conductor :24 
by the spring 50. A set screw 54 holds plate 52 in its 
adjusted position. 

In operation of my heat transfer control, heat ?ows 
in the direction of the arrows along paths indicated by 
broken lines in the ?gure from the controlled body 10, 
through the conductor 16, through the packing 36, through 
the relatively low resistance portion 26 of conductor 24, 
through the relatively high resistance portion 28 of con 
ductor 24, through packing 40 and through the ?xed con 
ductor 20 to the heat sink 12. 

The rate of heat transfer by conduction between two 
points along a length of material is given by the relation 
ship 

_ 70 (i1 —i2) A 
q_ s 

where 

s is the distance between the points 
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t1—t2 is the temperature diiference between the points 
A is the cross sectional area 
k is the conductivity of the material 

With k expressed in cal./sec./ ‘’ C./cm., q will be in 
caL/sec. 
From the relationship given above it is clear that for a 

given length of material the rate of heat transfer along a 
rod of greater diameter will be higher than the rate along 
a rod of smaller diameter. 

It will readily be apparent that the rate of heat transfer 
along this path from the body 10 to the body 12 is deter 
mined by the relative lengths of the portions 26 and 28 
disposed between the two ?xed conductors 16 and 20. 
That is, if most of the space between the ?xed conductors 
is occupied by the large diameter portion 26, the rate of 
heat transfer will be relatively great as compared with 
the rate when most of the space between the ?xed con 
ductors is occupied by the smaller diameter portion 28. 

' Expressed another way, the portion of the conductor 24 
between the ?xed conductors 16 and 20‘ comprises a vari 
able heat conductor, the value of which is determined by 
the position of the variable conductor 24. 
The mercury within the reservoir 52 acts so as to posi 

tion the conductor 24 to maintain the temperature of the 
body 10 at thedesired temperature. For example, assum 
ing that the temperature of the body 10 rises to above the 
desired temperature, the mercury 52 within chamber 42 
expands to expand the bellows 46 to move the conductor 
24 upwardly as viewed in the ?gure. As the conductor 
24 moves upwardly, a greater proportion of the space 
between the ?xed conductors 16 and 20 is occupied by 
the portion 26 and the rate of ?ow of heat from the body 
10 to the sink 12 is correspondingly increased. The effect 
of this increased rate of heat transfer is to reduce the 
temperature of the body 10. 

Conversely, if the temperature of the body 10' drops 
below the desired temperature, mercury 52 contracts and 
spring 50 compresses the bellows 46 by moving the con 
ductor 24 downwardly as viewed in the drawing. This 
movement of the conductor 24 downwardly results in 
portion 28 occupying a relatively greater percentage of 
the space between the ?xed conductors 16 and 20 to pro 
duce a corresponding reduction in the rate of transfer of 
heat from body 10 to heat sink 12 to permit a corre 
sponding increase in temperature of the body 10. The 
over-all result of the action of the mercury on the con 
ductor 24 is to maintain the temperature of body 10 sub 
stantially constant. 
While I have shown a form of my heat transfer control 

:wherein I employ the mercury reservoir 42 as the heat 
sensitive element, it will readily be apparent that I can 
as well use any other means for actuating the variable 
conductor such, for example, as an enclosed gas or a bi 
metallic strip or a solenoid or any other suitable control. 
It will further be clear that the control can be achieved 
by sensing the temperature of the heat sink rather than 
of the controlled object, if desired. 

It will be seen that I have accomplished the objects of 
my invention. I have provided a heat transfer control 
which does not require a source of power. My heat trans 
fer control does not rely on convection to achieve its 
purpose. It is extremely rugged so that it can withstand 
shocks incident to its use. It is simple and compact for 
the result achieved thereby. 

It will be understood that certain features and subcom 
binations are of utility and may be employed without ref 
erence to other features and subcombinations. This is 
‘contemplated by and is within the scope of my claims. 
It is further obvious that various changes may be made in 
details within the scope of my claims without departing 
from the spirit of my invention. It is, therefore, to be 
understood that my invention is not to be limited to the 
speci?c details shown and described. 
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Having thus described my invention, what I claim is: 
1. A control for governing the heat transfer between 

two thermally conductive‘bodies separated by a relatively 
insulating space including in combination an elongated 
element of thermally conductive material, said element 
having a ?rst length with a certain cross-sectional area 
providing a given heat transfer along said length and hav 
ing a second length with a cross-sectional area less than 
said certain cross-sectional area providing a heat transfer 
along said second length less than said given heat trans 
fer, thermally conductive means mounting the respective 
lengths for movement relative to said bodies and in heat 
transfer relationship therewith with the junction between 
said lengths in the space between the bodies and means 
responsive to the temperature of one of the bodies for 
positioning said junction in said space to regulate the heat 
transfer between the bodies through the element. 

2. A device as in claim 1 in which said mounting means 
each comprises a conductive block ‘and conductive pack 
ing between said block and the associated length to reduce 
the frictional resistance of said lengths to said sliding 
movement. , 

3. A device as in claim 1 in which said'temperature 
responsive means comprises an exipansible bellows con 
nected between one of said lengths and the associated 
body and a thermally expansible ?uid in said bellows and 
a spring disposed between the other of said lengths and 
its associated body and acting against said bellows. 

4. A device for regulating the rate of heat transfer 
between two thermally conductive bodies separated by a 
relatively insulating space including in combination an 
elongated element having a ?rst relatively highly ther 
mally conductive length and a second relatively less con 
ductive length, a heat conductive junction between the two 
lengths, thermally conductive means slidably mounting. 
said ?rst length for movement relative to one of said 
bodies and in heat transfer relationship therewith, ther 
mally conductive means mounting the second length for 
sliding movement relative to the other of said bodies and 
in heat conductive relationship therewith whereby said 
junction is positionable in said space and means respon 
sive to the temperature of one of said bodies for moving 
said element in the direction of its length to determine the 
position of said junction in said space to regulate the heat 
transfer between said bodies through said element. 

5. A device for regulating the heat transfer between two 
thermally conductive bodies separated by a relatively in 
sulating space including in combination an elongated ele 
ment having a ?rst relatively highly thermally conductive 
length and a second relatively less conductive length, said 
lengths connected by a thermally conductive junction, 
thermally conductive means coupling said ?rst length to 
one of said bodies in heat transfer relationship therewith, 
thermally conductive means coupling the second length 
to the other of said bodies in heat transfer relationship 
therewith whereby said junction is in said space and means 
for moving said element in the direction of its length. 

6. A device for regulating the heat transfer between 
two thermally conductive bodies separated by a relatively 
insulating space including in combination an elongated 
element formed of the same conductive material through 
out, said element having a certain cross-sectional area 
over a ?rst length thereof providing a given heat transfer 
along said length and having a cross-sectional area less 
than said certain area over a second length thereof pro 
viding a heat transfer less than said given heat transfer 
along said second length, means thermally conductively 
connecting said element to said bodies with the junction 
between said lengths in said space and means for moving 
said element in the direction of its length. _ 
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