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2)  A  heat  transfer  device,  especially  for  use  in  a  Stirling- 
/cle  cooling  engine,  comprises  one  or  more  U-shaped  mem- 
ers  (3),  the  or  each  of  which  is  made  up  of  a  plurality  of  thin 
trips  (4)  being  joined  together,  for  example  by  vacuum  braz- 
ig,  at  their  ends  (5). 
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HEAT  OONDDCTING  DEVICE 

This  i n v e n t i o n   r e l a t e s   to  a  device  for  conduc t ing   heat   from  one 

to  another   of  two  members  between  which  the  spac ing   nay  vary,   f o r  

example,  because  of  t o l e r a n c e s   in  manufac ture   of  the  a p p a r a t u s  

compris ing   the  two  members  and  conduct ing   assembly  and/or   because  o f  

r e l a t i v e   movement  of  the  two  members  dur ing  o p e r a t i o n   of  t h e  

a p p a r a t u s .   Jtore  p a r t i c u l a r l y ,   but  not  e x c l u s i v e l y ,   the  i nven t ion   i s  

concerned  with  heat   conduc t ion   at  very  low  t e m p e r a t u r e s   in  c r y o g e n i c  

a p p a r a t u s ,   for  example  a  S t i r l i n g - c y c l e   coo l ing   e n g i n e .  

The  o p e r a t i n g   p r i n c i p l e s   of  S t i r l i n g - c y c l e   coo l ing   engines   a r e  

known  and  such  engines   have  p o t e n t i a l   b e n e f i t s   in  the  f i e l d   o f  

aerospace   for  cool ing   o p t i c a l   sensor  components  e s p e c i a l l y   i n f r a - r e d  

sensor  components  down  to  the  very  low  t e m p e r a t u r e s   at  which  t h e y  

opera te   b e s t .  

There  are  many  pub l i shed   p roposa l s   for  S t i r l i n g - c y c l e   c r y o g e n i c  

engines .   A  problem,  is  the  past   at  l e a s t ,   is  tha t   such  engines   are  n o t  

very  amenable  to  m u l t i p l e   p roduc t ion ,   even  on  a  small  s c a l e ,   b e c a u s e  

each  uni t   made  may  well  r equ i re   a  good  deal  of  p o s t - p r o d u c t i o n  

adjus tment   and/or   c u s t o m i z a t i o n   in  order  to  get  i t   to  work  at  a l l ,   l e t  

alone  to  work  p r o p e r l y .   Vfaat  may  appear  at  f i r s t   s igh t   to  be  f a i r l y  

minor  design  v a r i a t i o n s   can,  by  improving  the  chances  of  the  r e l e v a n t  

p a r t s   working  p rope r ly   f i r s t   time,  ie  wi thout   any  p o s t - p r o d u c t i o n  

adjus tment   and  c u s t o m i z a t i o n   ,  become  a  most  important   f a c t o r  

a f f e c t i n g   the  success   or  o therwise   of  a  p roduc t ion   program.  In  t h i s  

r e s p e c t ,   a  r e l e v a n t   par t   is  the  device  by  which  heat   is  conducted  f rom 

the  s u b s t r a t e   or  s u b s t r a t e   support  member  of  the  o p t i c a l   s e n s o r  
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anponent  which  is  to  be  cooled  to  the  cold  end  of  the  S t i r l i n g - c y c l e  

sngine  cold  f i n g e r   (the  cold  f i nge r   is  the  element,   u s u a l l y   e l o n g a t e ,  

d th in   which  the  working  f l u i d   d i s p l a c e r   moves  and  along  which  heat  i s  

x a n s f e r r e d   to  cool  one  end  and  warm  the  other)  .  The  d i s t a n c e   be tween  

lie  component  and  the  cold  f i nge r   may  vary  due  to  m a n u f a c t u r i n g  

:o lerances   from  one  to  another   engine  u n i t ,   or  i t   may  vary  with  t i m e  

d t h i n   the  same  uni t   due  say  to  expans ion   and  c o n t r a c t i o n .   Meanwhile 

l ighly  e f f i c i e n t   t r a n s f e r   between  the  two  elements  must  be  g u a r a n t e e d ,  

[t  has  been  proposed  to  f i t   between  the  component  and  cold  f inger   a  

pad  made  of  wire  wool,  somewhat  l i ke   a  small  household  scour ing   pad  

xit  of  course   made  of  m a t e r i a l   with  high  heat  c o n d u c t i v i t y .   Vfe  have  

not  found  t h i s   to  be  s a t i s f a c t o r y   however  and  the  ob j ec t   of  t h i s  

invent ion  is  to  provide  a  heat   conduct ing   device  for  use  in  t h e  

descr ibed  s i t u a t i o n   which  gives  e f f i c i e n t   t r a n s f e r   of  heat   w i t h o u t  

r equ i r ing   any  p o s t - p r o d u c t i o n   ad jus tmen t .   Accordingly ,   we  p r o v i d e  

between  two  members  between  which  heat   is  to  be  t r a n s f e r r e d   one  o r  

more  r e s i l i e n t   s t r i p s   each  made  up  of  a  p l u r a l i t y   of  th in   laminae  o f  

thermal ly   conduc t ive   metal ,   for  example  copper  and  the  laminae  b e i n g  

joined  t o g e t h e r   at  two  spaced  p o s i t i o n s   at  which  they  are  a lso  f i x e d  

to  r e s p e c t i v e   ones  of  the  members.  The  f i x ing   of  the  laminae  t o g e t h e r  

and  to  the  members  may  be  by  vacuum  b raz ing .   Advantageously  the  o r  

each  s t r i p   is  U-shaped,  the  two  f i x i n g   p o s i t i o n   being  at  the  ends  o f  

the  limbs  of  the  D- shape .  

The  s i ng l e   f igure   of  the  accompanying  drawing,  given  by  way  o f  

example,  is  an  e l e v a t i o n   of  ps r t   of  a  S t i r l i n g - c y c l e   cool ing  e n g i n e .  
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0 2 2 5 1   3 f t  The  engine  comprises   a  c o l d - f i n g e r   2,  namely  a  hollow  e l o n g a t e  

c y l i n d e r   c o n t a i n i n g   a  working  f l u i d   such  as  helium  and  a  d i s p l a c e r  

(not  shown)  which  is  r e c i p r o c a t e d   wi th in   the  c y l i n d e r   while  at  t h e  

same  time  p r e s s u r e   v a r i a t i o n s   are  engendered  w i th in   the  working  f l u i d ,  

say  by  a  s e p a r a t e   p i s t o n   and  c y l i n d e r   a r rangement   (not  shown)  .  As  a  

r e s u l t ,   heat   is  drawn  away  from  the  i l l u s t r a t e d   cold  end  of  the  c o l d  

f i n g e r .   The  theory   of  S t i r l i n g - c y c l e   coo l ing   engines   is  well-known  -  

f u r t h e r   i n f o r m a t i o n   about  des ign  and  o p e r a t i o n   can  be  found  in  many 

p u b l i c a t i o n s .   Also  i l l u s t r a t e d   in  the  drawing  is  a  g o l d - p l a t e d   member  1 

which  is  in tended  to  suppor t   an  i n f r a - r e d   s e n s i t i v e   t r a n s d u c e r  

component  (not  shown)  .  The  component  is  to  be  cooled  down  to  the  v e r y  
low  t empera tu re   a  few  degrees   Kelvin  say,  at  which  i t   best   o p e r a t e s .  

I n s u l a t i o n   is  provided  by  a  Dewar  f l a sk   enc lo su re   (not  shown).  The 

items  1  and  2  are  f ixed  to  r e s p e c t i v e   suppor t   e lements   (not  shown) 

such  tha t   the  spacing  between  the  two  may  vary  from  one  engine  t o  

another  and  / o r ,   with  time,  in  the  same  engine  (due  to  expansion  and 

c o n t r a c t i o n   with  t empera tu re   for  example).   To  t r a n s f e r   heat  f rom 

member  1  to  cold  f inger   2,  there   are  provided  two  U-shaped  f l e x i b l e  

members  3  each  made  up  of  p l u r a l i t y   of  copper  f o i l   s t r i p s   4  which  a r e  

vacuum  brazed  to  each  other   and  to  the  e lements   1  and  2  in  the  r e g i o n  

5  of  t h e i r   ends,  ie  the  ends  of  the  limbs  of  the  U-shape.  T h i s  

arrangment  p rov ides   proper  heat  t r a n s f e r   while  p e r m i t t i n g   the  s p a c i n g  

between  elements   1  and  2  to  v a r y .  
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L.  A  heat   conduct ing   device  made  of  t he rma l ly   conduct ive   metal  i n  

a s i l i e n t   con tac t   with  each  of  two  members  between  which  heat   is  to  be  

r a n s f e r r e d   c h a r a c t e r i z e d   in  tha t   the  device  comprises  at  l e a s t   one 

l e x i b l e   e longa te   element  (3)  made  up  of  a  p l u r a l i t y   of  metal  f o i l  

t r i p s   (4)  which,  at  two  spaced  p o s i t i o n s   along  the  member,  a r e  

t t a c h e d   one  to  another   and  to  r e s p e c t i v e   ones  of  said  members.  

Cryogenic  appa ra tus   compris ing  a  S t i r l i n g   cycle  cool ing   e n g i n e  

laving  a  cold  f inger   and  compris ing  an  e l e c t r o n i c   component  s u p p o r t  

ember  from  which  heat   is  to  be  conducted  to  said  c o l d - f i n g e r ,   t h e  

ember  and  c o l d - f i n g e r   being  coupled  by  way  of  two  U-shaped  e l e m e n t s  

iach  made  up  of  a  p l u r a l i t y   of  f a c e - t o - f a c e   copper  f o i l   s t r i p s   which  

ire  f ixed   t o g e t h e r   and  to  the  member  and  c o l d - f i n g e r ,   by  b raz ing ,   a t  

tfie  ends  of  the  limbs  of  the  U - s h a p e .  
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