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ABSTRACT 

Th is  document con ta ins  t h e  proceedings o f  t h e  T h i r d  
Cryocooler Conference, h e l d  a t  t h e  Na t iona l  Bureau o f  
Standards, Boulder, Colorado, on September 17-18, 1984. About 
140 people f rom 10 c o u n t r i e s  a t tended t h e  conference and repre-  
sented i ndus t r y ,  government, and academia. A t o t a l  o f  26 
papers were presented o r a l l y  a t  t h e  conference and a l l  appear 
i n  w r i t t e n  form i n  t h i s  document. The emphasis i n  t h i s  con fe r -  
ence was on smal l  c ryocoo lers  i n  t h e  temperature range o f  4 - 
80 K. Mechanical and nonmechanical types were discussed i n  t h e  
va r ious  papers. Appl i c a t i o n s  o f  these small c ryocoo lers  
i n c l u d e  t h e  c o o l i n g  of i n f r a r e d  de tec to rs ,  cryopumps, smal l  
superconduct ing devices and magnets, and e l e c t r o n i c  devices. 

Key words: conference; c ryocoo lers ;  cryogenics,  cryopumps; 
helium; i n f r a r e d  detec tors ;  r e f r i g e r a t i o n ;  superconductors. 
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INTRODUCTION AND SUMMARY 

T h i s  document con ta ins  t h e  proceedings o f  t h e  T h i r d  Cryocooler Conference, which was he ld  a t  
t h e  Na t iona l  Bureau o f  Standards, Boulder, Colorado, on September 17-18, 1984. 

Th is  s e r i e s  o f  conferences began i n  1977 when about 40 i n v i t e d  speakers and p a r t i c i p a n t s  
assembled a t  t h e  Na t iona l  Bureau o f  Standards i n  Boulder t o  d iscuss cryocoo lers  f o r  small super- 
conduct ing devices.  Proceedings of t h a t  meet ing a re  a v a i l a b l e  f rom t h e  Super intendent o f  
Documents, U. S. Government P r i n t i n g  O f f i ce ,  Washington, D. C. as NBS Special  P u b l i c a t i o n  508, 
e n t i t l e d  "App l i ca t i ons  o f  Closed-Cycle Cryocoolers t o  Small Superconducting Devices". Since i t  
was open o n l y  t o  i n v i t e d  p a r t i c i p a n t s ,  i t  may be considered conference number zero. 

Eecause t h e  s c i e n t i f i c  and eng ineer ing community showed g r e a t  i n t e r e s t  i n  a conference on 
cryocoo lers ,  t h e  f i r s t  open conference, c o n s i s t i n g  mos t l y  o f  c o n t r i b u t e d  papers, was he ld  i n  1980 
a t  t h e  Na t iona l  Bureau o f  Standards, Boulder, w i t h  about 115 i n  attendance. The emphasis i n  t h a t  
F i r s t  Cryocooler Conference s t i l l  was on t h e  temperature range below 20 K. Proceedings o f  t h a t  
conference a re  a v a i l a b l e  f rom t h e  U. S. Government P r i n t i n g  O f f i c e  as NBS Spec ia l  P u b l i c a t i o n  607, 
e n t i t l e d  " R e f r i g e r a t i o n  f o r  Cryogenic Sensors and E l e c t r o n i c  Systems". I n  response t o  a 
quest ionna i re ,  p a r t i c i p a n t s  favored ho ld ing  such a conference every two years and t h a t  t r e n d  has 
been fo l lowed.  

The Second Cryocooler Conference was h e l d  i n  1982 a t  NASA Goddard Space F l i g h t  Center, 
Greenbel t ,  Maryland. A t  t h a t  t ime  t h e  scope o f  t h e  conference was expanded by cons ider ing 
temperatures up t o  80 K, b u t  i t  s t i l l  emphasized small c ryocoo lers .  The broadened scope brought 
i n  more p a r t i c i p a n t s  and i t  was found t h a t  many concepts and techniques used a t  80 K were common 
t o  lower  temperature coo le rs  as w e l l .  I t  was here  t h a t  t h e  scope of these s e r i e s  o f  conferences 
seemed t o  j e l l .  

The scope o f  t h i s  T h i r d  Cryocooler Conference was t h e  same as t h e  second - small c ryocoo lers  
o f  about 10 W o r  l e s s  and temperatures below 80 K. However, any s tud ies  on devices o r  concepts 
ou ts ide  t h i s  range t h a t  would have a p p l i c a t i o n s  w i t h i n  t h e  range were s t i l l  considered. About 140 
p a r t i c i p a n t s  f rom 10 c o u n t r i e s  a t tended t h e  conference. The two-year i n t e r v a l  f o r  t h e  Cryocooler 
Conferences has meshed w e l l  w i t h  t h e  Cryogenic Engineer ing Conference he ld  on t h e  a l t e r n a t e  years.  
Sessions on smal l  c ryocoo lers  a t  t h e  Cryogenic Engineer ing Conference are  a t tended by t h e  general  
cryogenic eng ineer ing community. The Cryocooler Conferences a t tended by s p e c i a l i s t s  a l ' low f o r  a 
more i n  depth focus on cryocoo lers .  

Twenty-six papers were presented a t  t h e  T h i r d  Cryocooler Conference and t h e  w r i t t e n  vers ions 
o f  a l l  appear i n  t h i s  document. Three i n v i t e d  rev iew papers were g iven on areas o f  widespread 
i n t e r e s t .  A survey o f  t h e  papers presented here as w e l l  as those i n  pas t  conferences shows 
cons iderab le  progress i n  t h i s  area o f  h i g h  r e l i a b i l i t y  as i n d i c a t e d  by t h e  papers on t h e  S t i r l i n g  
c ryocoo le r  w i t h  magnetic bear ings.  The s p l i t  S t i r l i n g  c ryocoo le r  i s  w e l l  represented and shows 
advances i n  t h e  area o f  a more rep roduc ib le  d r i v e  f o r  t h e  d i sp lace r .  I n t e r e s t  and progress i n  
non-mechanical r e f r i g e r a t i o n  techniques, such as magnetic r e f r i g e r a t i o n  and abso rp t i on  compressors 
f o r  Joule-Thomson coo lers ,  a re  ev iden t  f rom t h e  number o f  papers i n  t h a t  session. S i g n i f i c a n t  
advances were made i n  t h e  model ing o f  c ryocoo lers  and i n  t h e  understanding o f  regenerator  
behavior .  Considerable work on cryocoo lers  i s  now be ing  done i n  China and we a re  pleased t o  have 
had f o r  t h e  f i r s t  t ime  a t  these Cryocooler Conferences two papers from Chinese authors.  

A p p l i c a t i o n s  o f  cryogenics depend i n t i m a t e l y  on t h e  development o f  e f f i c i e n t ,  r e l i a b l e ,  and 
inexpensive cryocoo lers .  We f e e l  t h a t  t h e  c ryocoo le r  progress represented by t h e  papers t h a t  
f o l l o w  w i l l  have a s i g n i f i c a n t  impact on t h e  development of cryogenics.  
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