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(71) We, UNITED KINGDOM ATOMIC responsive means adapted to cooperate with 
ENERGY AUTHORITY, London, a British the support means to maintain the bodies in 
Authority, do hereby declare the invention, said interspaced relationship but to free 
for which we pray that a patent may be bodies from said spaced relationship in re-

5 granted to us, and the method by which it sponse to a rise in temperature at said 50 
is to be performed, to be particularly de- thermally responsive means from overheat-
scribed in and by the following statement:— ing of said heat source, whereby bodies are 

This invention relates to devices for con- able to be brought into contact with each 
ducting excess 'heat away from heat other so as to provide a higher heat-

10 sources. conductive path between the heat source 55 
British Patent Specification No. 1,252,258 and the heat sink than that provided by the 

relates to Stirling cycle heat engines for support means alone, 
generating electricity. Such 'engines use The thermally responsive means may com-
heat sources and it has been proposed to prise fusible attachment means attaching 

15 employ a radioisotope heat source for this the bodies to the support means, whereby go 
purpose. in response to a rise in temperature from 

Should a radioisotope powered engine stop the heat source, bodies are progressively 
working for any reason, the radioisotope freed from the support means from said 
heat source will continue to generate heat, one end of the device by the fusible attach-

20 This will result in a rise in temperature ment means. 65 
which may cause overheating of and possible The device may be provided with means 
damage to the engine as well as to the heat biasing the bodies towards contact with each 
source itself. other, and counter-acting means may be pro-

It is an object of the invention to provide vided for biasing the bodies apart, the 
25 such a device for conducting excess heat thermally responsive means on overheating 70 

from the heat source and which, in normal of said one end of the device allowing the 
operation of the engine, will impede the means biasing the bodies into contact to 
conduction of heat away from the heat override the means biasing the bodies apart, 
source and so reduce thermal losses. Embodiments of the invention will now be 

30 The device may be used to support and/or described by way of example with reference 75 
locate the heat source. to the drawings filed with the provisional 

According to the present invention, a de- specification wherein:— 
vice of elongate form for conducting heat Figures 1,2 and 3 are side views, in medial 
from a heat source to a heat sink and section of differing arrangements, and 

35 adapted at one end for connection to said Figure 4 is a fragmental side view illus- 80 
heat source and at the other end for con- trating a modification, 
nection to said heat sink comprises a In the figures like reference numerals 
plurality of relatively high heat-conductive refer to lik'e components, 
bodies disposed in interspaced relationship With reference to Figure 1, a device 1 for 

40 along an axis, support means for providing conducting heat from a radioisotope-heated 35 
a relatively low heat-conductive path be- heat source 2 is of 'elongate form and sup-
tween the heat source and the heat sink and ports part of the weight of the heat source 
for locating the bodies in axial alignment 2 above a support frame 3 of a Stirling cycle 
from the heat source to the heat sink in heat engine (not shown) for which the heat 

45 said interspaced relationship, and thermally source 2 provides the heat energy. The sup- 90 
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port device 1 comprises a relatively low heat-
conductive elongated support member in 
the form of a thin-walled tube 6, and a 
plurality of relatively high heat-conductive 

5 roundish bodies or slugs 4, 5 disposed in 
interspaced relationship along the longi-
tudinal axis of the tube 6 and held in said 
interspaced relationship by thermally re-
sponsive fusible attachments 8, 9 in the 

10 form of brazing attaching the slugs 4, 5 to 
the tube 6, the braze being selected so that 
it has a melting point at some temperature 
above the normal operating temperature of 
the heat source 2 and at which the device 1 

15 is required to provide a higher heat-
conductive path from an overheated heat 
source 2. 

The end slug 4 adjacent to the heat source 
2 is internally threaded to engage a ball part 

20 7 of a ball and socket joint for location in 
a mating socket 12 in the heat source 2. As 
explained hereinafter, progressive overheat-
ing of the slugs 4, 5 along the stack results 
in an over-heated slug being freed from 

25 attachment to the tube by fusing of its braz-
ing so a$ to allow it to be moved along the 
stack and engage the next slug in line in 
heat-conducting contact and thereby con-
duct the excess heat away from the heat 

30 source 2. 
In further detail, the slugs 4, 5 are of 

copper and the thin-walled tube 6 is of stain-
less steel. The slugs 5 have central flanges 
10 and the brazings 9 attach the slugs 5 to 

35 the inner surface of the tube 6 by way of 
these flanges. The brazing 8 between upper 
end slug 4 and the tube 6 is disposed between 
the inner surface of the tube and the outer 
surface of the slug. The brazing 8 at the 

40 other end of the device 1 is between the 
outer surface of the tube and a ring 16 into 
which the lower end slug 4 is screwed. Since 
the lower end slug 4 loses heat by way of 
the engine frame 3, which acts a$ a heat 

45 sink, this brazing 8 is not heated sufficiently 
to fuse. The lower end slug 4 is internally 
threaded to engage a ball part 11 of a ball 
and socket joint for location in a mating 
socket in the engine frame 3. The ball and 

50 socket joints at each end of the device 
relieve it from lateral stresses. 

A steel ring 14 is fitted into the upper or 
hot end of the tube 6 and is secured thereto 
by a weld joint 15. The ring 14 has a small 

55 axial clearance from the adjacent end slug 
4. 

The tube 6 may be filled with a gas (e.g. 
Xenon) or it may be evacuated. If filled with 
a gas however, this will increase heat losses 

60 along the elongated device 1 occuring under 
normal operating conditions of the engine. 

In practice, several devices 1 are required 
to support the heat source 2. Some of these 
may be in tension and others in compres-

65 sion. However, the arrangement is such that 

whatever the altitude of the heat source 2, 
one of the support devices 1 will have the 
heat source 2 uppermost and be in com-
pression so that its slugs 4, 5 will fall into 
contact with each other in the tube 6 under 70 
gravity should the brazing 8, 9 melt and 
free the slugs 4, 5 from the tube 6. 

In normal operation with the device 1 in 
compression, the support stresses are trans-
ferred by the tube 6 to the support frame 3. 75 
Under these conditions, because the con-
duction of heat is impeded by the relatively 
low heat-conductive property of the thin-
walled tube 6, the upper end slug 4 is at a 
temperature substantially that of the heat 80 
source 2 but which is below the melting 
temperature of the braze 8, and the lower 
end slug 4 is at a temperature substantially 
the same as the heat sink provided by 
the engine frame 3 (e.g. ambient tempera- 85 
ture) therefore, the slugs 4, 5 remain held 
apart and the device 1 provides a relatively 
low heat-conductive path. 

In the event of the heat source 2 over-
heating, for example, through the Stirling 90 
engine stopping and therefore ceasing to 
absorb heat, the upper end slug 4 is heated 
thereby and softens the brazing 8 around 
it and frees the upper end slug 4 from the 
tube 6 so that it drops under the weight of 95 
the heat source 2 down within the tube 6 
to contact the next slug 5 in line, which is 
the upper of the slugs 5. With slugs 4, 5 in 
contact, excess heat is conducted from the 
heat source 2 to both slugs 4, 5 and when 100 
the temperature of the slug 5 rises until its 
brazing 9 softens, both slugs 4, 5 drop under 
gravity within the tube 6 to contact the next 
slug 5. 

This process can continue until there is 105 
thermal contact between all of the slugs 4, 
5 and heat will then flow from the heat 
source 2 down through the slugs 4, 5 to the 
engine frame 3. The relatively higher heat-
conductive capacity of the slugs 4, 5 com- 110 
bined with the heat dissipating capacity of 
the engine frame 3 can dissipate the 
excess heat from the heat source 2 
to bring the temperature of the heat 
source 2 down to its normal level. 115 
or even below that level. The resulting 
reduction in temperature will allow the braz-
ings 8, 9 to harden again, leaving the heat 
source 2 positively located although it may 
be displaced a little from its original posi- 120 
tion. 

The ring 14 prevents the upper or "hot" 
end slug 4 from moving outwards if its braz-
ing 8 softens with the tube 6 in tension. 

Thermal conductivity between the slugs 4 125 
and 5 may be improved by coating their con-
tacting end surfaces with braze material 
and/or making them conical or spherical 
rather than flat so that for example one slug 
5 has a conical cavity and the other slug 5 130 
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a conical projection for location in this 
cavity to increase the area of contact, 

In a non-illustrated modification, the slugs 
5 and the lower end slug 4 are brazed to a 

5 light wire cage of hollow cylindrical form 
and a close fit in the tube 6. This assembly 
is then inserted into the tube 6 with the 
upper end slug 4 already brazed in position 
to the tube 6 and so that the end slug 5 is 

10 spaced at the correct relationship from the 
upper end plug 4. The cold or lower end 
slug 4 is then secured in position, for ex-
ample, by adhesive or by low-temperature 
soldering. As in the arrangement described 

15 in relation to Figure 1, the braze progres-
sively fuses and releases the slugs 4, 5 in the 
event of overheating of the upper end slug 
4. 

Figure 2 illustrates an arrangement which 
20 does not depend on the slugs 4, 5 being 

forced by gravity into contact with each 
other and thus is not required to function 
as a support. As shown the elongated de-
vice 1 is disposed horizontally but it could 

25 also be disposed substantially vertically, if 
desired. 

In this arrangement the slugs 5 are hollow 
and the "cold" end of the tube 6 is brazed 
at 20 to a load-bearing flange 21 attached 

3Q to the support frame 3 by bolts 22, An "0" -
ring joint 33 is disposed between the frame 
3 and flange 21. The "hot" end plug 4a 'has 
a plurality of fingers 23 which interfit in slid-
ing engagement with fingers 24 formed on 

35 the ball joint 7. The fingers 23,24 are brazed 
together with brazing 25. A tie-member 
comprising a steel wire 26 extends through 
the hollow slugs and between the "hot" end 
slug 4a and a slug 5a at the "cold" end of 

40 the member 1 and is tensioned by a com-
pression spring 27. The "cold" end of the 
wire 26 is secured to a rod 28 bearing a 
screwed nut 29 which abuts the spring 27 
and which is rotated to vary tension in the 

45 wire. 
A bellows-type cover 30 attached to the 

flange 21 by bolts 31 with an "0"-ring 32 
therebetween seals off the interior of the 
tube 6 which may be filled with a gas (e.g. 

50 Xenon) or evacuated. 
Should the heat source 2 overheat, the 

brazing 25 securing the fingers 23, 24 to-
gether softens and allows tension in the wire 
26 to pull the "hot" end slug 4a into heat-

55 conducting contact with the adjacent slug 
5 whilst still remaining slidably engaged with 
the fingers 24. Heat is now conducted from 
the heat source 2 to the said slug 5. Should 
this slug 5 overheat the brazing 9 attaching 

50 it to the tube 6 will soften and allow tension 
in the wire 26 to pull the contacting slugs 
4a, 5, along the tube 6 and into heat-
conducting contact with the next slug 5 in 
line. 

65 This movement of slugs 4a, 5 along the 

stack can continue progressively until all the 
slugs are in heat-conducting contact with 
each other whereby excess heat is generated 
from the heat source 2 to the heat sink 3 
by way of said slugs, the length of the fingers 70 
23, 24 being so arranged that they remain 
slidably engaged. 

Figure 3 illustrates another arrangement 
which does not depend on the slugs 4, 5 
being forced by gravity into contact with 75 
each other, and thus is not required to func-
tion as a support. 

In the arrangement illustrated by Figure 
3, the "cold" end of the tube 6 is attached 
to the heat sink/support structure 3a by 80 
brazing 35. The "hot" end slug 4b is formed 
with a central recess 36 which houses a 
fusible plug 37. An elongated compression 
member comprising a tube 38 extends 
through the hollows in the slugs 5 to con- 85 
tact the fusible plug 37. Compression is 
applied to the tube 38 (and hence to the 
plug 37 it abuts) by a screw 39, which is 
located by a plate 40 attached by bolts 41 to 
a spring-loaded extension 42 of the heat 90 
sink/support 3a. 

The extension 42 is sealed to the support 
3a by a flexible bellows 43. The extension 
42 is formed with a central boss section 51 
and a peripheral ring-like portion 44 which 95 
is disposed within an annular recess 45 in the 
support 3a. The recess 45 is packed with 
silicon grease 4'6 of high thermal conduc-
tivity, so as to ensure a good transfer of heat 
from the portion 44 of the extension 42 to 100 
the support 3c. (Heat transfer can also, or 
alternatively, be achieved by providing the 
extension 42 with fins so that the extension 
may be cooled by convection). 

A bellows seal 47 extends between the plate 105 
40 and the compression tube 38 to enclose 
that part of the screw 39 projecting from 
the inner side of the plate 40. An "0"-ring 
seal 48 is fitted between the plate 40 and the 
heat sink/support extension 42. The ex- 110 
tension 42 is spring-loaded towards the sup-
port 3a by tension springs 49 disposed be-
tween the support 3a and three equi-spaced 
"spider" arms 50 extending radially from 
the plate 40. 115 

In this arrangement the slugs 5 are not 
brazed to the tube 6 and are separated from 
each other in interspaced relationship by 
means in the form of thin "zig-zag" springs 
52 located by spigots 53 at adjacent end 120 
faces of the slugs. The springs 52 bear on 
each of the slugs 5 at three equi-spaced 
points. 

It will be noted that the compression 
spring 49 tends to bias the slugs 5 into con- 125 
tact with each other and the springs 52 
counteract this tendency by biasing the slugs 
5 apart from each other. 

In operation, should the heat source 2 
overheat, the excess heat in the "hot" end 130 
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slug 4b will cause the fusible plug 37 to 
soften. This will allow the extension 42 and 
compression tube 38 to move towards the 
heat source under the action of the spring 

5 49, displacing fused material of the plug 37 
as they do so by forcing the material into 
the bore of the tube 38. 

As the extension 42 moves towards the 
heat source 2, its central boss portion 51 

10 compresses the stack of slugs 5, so as to over-
ride the springs 52 until the slugs 5 are 
actually in thermal contact with each other 
whereby heat is then conducted away from 
the heat source 2 to the heat sink/support 

j . structure 3a by way of the slugs 4b, 5 and 
extension 42. The plug 37 can be replaced 
after melting and operation restored to 
normal whilst the device 1 remains in place. 

The slugs 4 ,5 can be brought into thermal 
20 contact manually by slackening the screw 

39 until the spring 49 can compress the stack 
of slugs 5 sufficiently to allow thermal con-
tact to take place between them. 

The tube 6 may be air or gas (e.g. Xenon) 
25 filled, or it may be evacuated. 

In a modification of the arrangement illus-
trated by Figure 3, the arms 50 are attached 
to the heat sink extension 42 instead of to 
the plate 40. This modification allows re-

30 placement of the plug 37, (after first remov-
ing the plate 40 and tube 38), without relax-
ing compression of the slugs 5 by the springs 
49. 

This modification reduces the risk of the 
35 heat source overheating whilst the plug 37 

is being changed. 
_ With reference to Figure 4, in a modifica-

tion of either of the embodiments of Figures 
2 and 3, a cylindrical framework 60 of re-

40 silient construction and in which the slugs 
5 are disposed, may be slidably disposed 
within the tube 6, the braze 9 and the springs 
52 of Figures 2 and 3 respectively being dis-
pensed with. The framework 60 comprises, 

45 two interacting helical springs 61 having 
opposite helix angles, and which intersect at 
points on the circumference of the slugs 5 
where pins 62 in the slugs 5 locate the slugs 
5 to the springs 61 so that the slugs 5 move 

50 axially when axial displacement of the 
springs 61 occurs. 

Three springs 61 (not shown in Figure 4) 
each of the same helix angle may be wound 
one within the other on a common longi-

55 tudinal axis in the manner of engaging screw 
threads and such that they are equi-spaced 
about a common pitch circle. These three 
springs 61 may interact with three more 
similarly interwound springs 61 but of 

50 opposite helix angle. Each spring 61 may 
have a pitch between successive coils sub-
stantially equal to six times the axial spac-
ing distance between the centres of adjacent 
(hollow) slugs 5, and may therefore be 

65 located by pins 62 to each slug 5 at three 

equispaced points around each slug 5 where 
pairs of springs 61 intersect. Springs 61 may 
be selected having pitches equal to sub-
multiples of the aforesaid spacing depend-
ing on the number of springs 61 used and 70 
the number of location points at which it is 
desired to locate pairs of springs 61 to each 
slug 5. 

The ends of the framework 60 are 
attached to the hot and cold ends of the 75 
device 1 by means (not shown). In operation, 
the framework 60 is compressed axially so 
that the slugs 5 all move axially into con-
tact with each other when the braze 25 or 
the fusible plug 37 melts in the arrange- 80 
ments shown in Figures 2 and 3 respectively. 

In a (non-illustrated) modification, the 
coils of the framework 60 may be of strip 
form. The strips would take up less room 
between the slugs 5 and tube 6 than the 85 
circular-section coils of Figure 4. Use of 
strips allows the pairs of pins 62 to be re-
placed by single pins, locating the strips by 
holes formed therein. 

Alternatively, the framework 60 could be 90 
replaced by a cylinder made up from an 
expanded sheet of metal. 

In the embodiments of Figures 2 and 3, 
the ball and socket joints 7, 12 at the "hot" 
ends, are useful, but not essential, and 95 
similarly further useful advantages may be 
obtained by providing the "cold" ends with 
ball and socket joints whilst retaining the 
features described in Figures 2 and 3 
although naturally some re-design of the 100 
said "cold" ends would be necessary. 

WHAT WE CLAIM IS:— 
1. A device of elongate form for con-

ducting heat from a heat source to a heat 
sink and adapted at one end for connection 105 
to said heat source and at the other end for 
connection to said heat sink, said device 
comprising a plurality of relatively high 
heat-conductive bodies disposed in inter-
spaced relationship along an axis, support n o 
means for providing a relatively low heat-
conductive path between the heat source 
and the heat sink and for locating the bodies 
in axial alignment from the heat source to 
the heat sink in said interspaced relation- 115 
ship, and thermally responsive means 
adapted to cooperate with the support means 
to maintain the bodies in said interspaced 
relationship but to free bodies from said 
spaced relationship in response to a rise in 120 
temperature at said thermally responsive 
means from overheating of said heat source, 
whereby bodies are able to be brought into 
contact with each other so as to provide a 
higher heat-conductive path between the 125 
heat source and the heat sink than that pro-
vided by the support means alone. 

2. A device as claimed in Claim 1, pro-
vided with means for biasing the bodies to-
wards contact with each other. 130 
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3. A device as claimed in Claim 1 or 
Claim 2, wherein the thermally responsive 
means comprise fusible attachment means 
attaching the bodies to the support means, 

5 whereby in response to a rise in tempera-
ture from the heat source, bodies are pro-
gressively freed from the support means 
from said one end of the device by the fus-
ible attachment means. 

10 4. A device as claimed in Claim 2 or 
Claim 3 wherein said bodies are hollow and 
means for biasing the bodies towards con-
tact with 'each other comprise a tie-member 
attached to the body at the one end of the 

15 device and extending through the stack of 
bodies and means for applying tension to 
said tie-member. 

5. A device as claimed in Claim 2, 
wherein the means for biasing the bodies 

20 towards contact with each other comprise 
spring means. 

6. A device as claimed in Claim 5, 
wherein the support means includes counter-
acting means for biasing the bodies apart. 

25 7. A device as claimed in Claim 5 or 6 
wherein the bodies are hollow and the sup-
port means includes an elongated compres-
sion member extending through the stack of 
said bodies to act against said end body at 

30 the one end of the device and means for 
applying a compression force to said com-
pression member. 

8. A device as claimed in Claim 7, 
wherein the thermally responsive means 

35 comprises a body of fusible material dis-
posed between the end of the compression 
member adjacent said end body and said end 
body itself. 

9. A device as claimed in Claim 4, 
40 wherein t'he end body at the one end of the 

device comprises a composite body having 
two sections slidably engaged together in a 
manner to allow relative movement thereof 
in an axial direction, one of the sections 

45 being fixed in axial position relative to the 
heat source and the other section having 

the tie member attached thereto, and the 
thermally responsive means includes fusible 
material holding the sections together and 
adapted to fuse an overheating of the heat 50 
source, whereby the other section may be 
pulled by the tie member into contact with 
an adjacent body whilst remaining slidably 
engaged with said one section. 

10. A device as claimed in Claim 4, 55 
wherein the means for applying tension to 
said tie-member is adjustable so as to vary 
the tension. 

11. A device as claimed in Claim 7, 
wherein the means for applying a compres- 60 
sion force to said compression mem-
ber is adjustable so as to vary the 
compression. 

12. A device as claimed in Claim 2, 
wherein the support means includes a 65 
hollow resilient frame in which the bodies 
are disposed and held thereby in said inter-
spaced relationship. 

13. A device for conducting heat from a 
heat source, substantially as hereinbefore 70 
described with reference to Figure 1 of the 
drawings accompanying the provisional 
specification. 

14. A device for conducting heat from a 
heat source, substantially as hereinbefore 75 
described with reference to Figure 2 of the 
drawings accompanying the provisional 
specification. 

15. A device for conducting heat from 
a heat source, substantially as hereinbefore 80 
described with reference to Figure 3 of the 
drawings accompanying the provisional 
specification. 

16. A device for conducting heat from a 
heat source, substantially as hereinbefore 85 
described with reference to Figure 4 of the 
drawings accompanying the provisional 
specification. 

M. J. LOFTING 
Chartered Patent Agent 

Agent for the Applicants 
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