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This  invention  relates  to  a  cooling  system  for  an 
electronic  apparatus  having  heat  generating  compo- 
nents,  and  more  particularly  to  a  self-contained  port- 
able  cryogenic  cooling  system  removably  secured  in 
an  Electronic  Industry  Association  (EIA)  enclosure 
which  will  provide  cryogenic  cooling  to  electronic 
components  in  the  EIA  enclosure. 

Cryogenic  cooling  of  CMOS  (Complimentary 
Metal  Oxide  Semiconductor)  chips  has  the  potential 
for  being  the  single  largest  market  for  cryocoolers. 
CMOS  chips  are  used  in  the  CPU  (Central  Processing 
Unit)  of  computers  and  are  currently  air  cooled  and 
operate  at  temperatures  as  high  as  358°K  (185°F). 
The  computer  manufacturers  have  found  that  by  op- 
erating  the  CPU  of  a  CMOS  computer  at  cryogenic 
temperatures  (77°K,  -321  °F),  the  operating  speed  of 
the  computer  can  be  increased  by  up  to  a  factor  of 
two.  The  increase  in  speed  effected  by  cryogenic 
cooling  is  comparable  to  that  obtained  by  doubling  the 
number  of  CPU  boards  in  the  computer.  Particularly 
in  machines  with  more  than  one  board,  cryogenic 
cooling  can  be  a  less  costly  way  to  double  the  speed 
of  the  computer. 

Further,  in  the  Prior  Art,  systems  for  cooling  logic 
units  by  conduction  with  a  liquid  and/or  at  cryogenic 
temperature  have  been  developed.  In  liquid  cooling 
systems,  logic  units  are  completely  immersed  in  a  liq- 
uid  bath.  Typically,  the  cooling  system  is  provided 
with  liquid  nitrogen.  In  a  liquid  cooling  arrangement, 
components  such  as  pumps,  liquid  storage  vessels, 
and  piping  are  located  external  to  the  enclosure  which 
houses  the  logic  units,  otherwise  major  computer 
cabinet  redesigns  are  necessary.  In  cryogenic  cool- 
ing  systems,  which  typically  use  liquid  nitrogen  and 
are  of  the  "split"  type,  the  logic  units  are  placed  in  a 
special  cryostat  enclosure  and  the  cryocooler,  sepa- 
rated  from  the  cryostat,  is  in  another  special  enclo- 
sure,  or  the  logic  unit  and  cryogenic  cooling  system 
are  mounted  in  a  special  cabinet  with  the  electrical 
output  of  the  logic  unit  connected  to  the  computer 
processors  in  the  standard  EIA  enclosure  by  way  of 
electrical  cables.  The  separate  enclosures  were 
needed  because  of  the  large  size  of  the  systems  and 
to  separate  the  noise  and  vibration  of  the  cooling  sys- 
tem  from  the  logic  unit. 

It  is  an  object  of  the  present  invention  to  provide 
a  self-contained  cryocooler  system  for  cooling  com- 
puter  logic  units  which  wi  II  fit  into  a  required  envelope, 
i.e.  an  ElAenclosure,  which  is  removable  from  the  en- 
closure  as  a  complete  unit  and  can  be  field  service- 
able  for  selected  components,  and  requires  only  ex- 
ternal  electric  power  for  operation.  Thus,  the  present 
invention  uses  an  "integral  Stirling  cryocooler"  pack- 
age  to  fit  into  and  operate  within  an  ElAenclosure. 

A  basic  Stirling  cryocooler  comprises  a  compres- 
sor  section  and  an  expander/regenerator  section. 
Reciprocating  elements  of  both  the  compressor  and 
expander  are  typically  driven  by  an  electric  motor 

which  drives  a  common  crankshaft.  The  crankshaft 
uses  multiple  cams  to  properly  time  compressor  and 
expander  movement  to  obtain  proper  capacity  and 
expander-compressor  phase  relation.  Thus,  the  de- 

5  vice  to  be  cooled  is  mounted  adjacent  the  expander 
on  the  cold  head. 

The  foregoing  and  other  features  of  the  present 
invention  are  accomplished  by  providing  a  self- 
contained  portable  cryogenic  cooling  system  for  a 

10  computer  having  a  vibration  snubbing  system  to 
mount  a  cryocooler  compressor  to  a  frame  member, 
an  integrated  heat  rejection  system  having  an  axial 
fan  or  blower  and  motor  and  heat  exchanger  mounted 
at  the  rear  of  the  package  and,  a  pump  for  a  closed 

15  loop  fluid  system  attached  to  the  frame  at  the  front  of 
the  package  with  a  pump  motor  using  a  magnetic 
drive  so  that  the  motor  can  be  removed  without  ex- 
posing  the  fluid  system,  and  electronic  power  and 
control  boxes  mounted  near  the  fan  and  heat  ex- 

20  changer.  Thus,  the  snubbing  system  minimizes  noise 
and  vibration  to  <6.4  bels  and  <0.02g.  In  operating 
with  a  computer,  the  present  cryocooler  system  will 
generate  250  watts  of  heat  lifting  capacity  and  main- 
tain  a  constant  low  temperature  of  77°K  (-321  °F) 

25  while  having  an  installed  weight  of  less  than  182Kg. 
(400lbs).  The  size  of  the  cryocooler  system  is  gener- 
ally  62cm  H  x  44.5cm  W  x  75cm  L  (24.5  in.  x  1  7.5  in. 
x  29.5  in.)  to  fit  into  an  EIA  enclosure. 

Figure  1  is  a  perspective  view  of  the  exterior  of  a 
30  standard  Electronic  Industry  Association  enclo- 

sure  for  holding  logic  units  of  a  digital  computer 
and  a  rack  utilizing  the  cryocooler  system  of  the 
present  invention; 
Figure  2  is  a  left,  front  perspective  view  of  the 

35  cryogenic  cooling  system  of  the  present  inven- 
tion  removed  from  the  enclosure  of  Figure  1  ; 
Figure  3  is  front  elevational  view  of  the  cryogenic 
cooling  system  of  the  present  invention  with  the 
cover  removed  to  show  components; 

40  Figure  4  is  an  elevational  view  of  the  right  side  of 
the  cryogenic  cooling  system  of  the  present  in- 
vention;  and 
Figure  5  is  a  rear  elevational  view  of  the  cryogen- 
ic  cooling  system  of  the  present  invention,  par- 

45  tially  broken  away,  showing  the  air  moving  and 
heat  exchanger  systems. 
In  accordance  with  the  principles  of  the  present 

invention  a  self-contained  portable  cryogenic  cooling 
system  is  provided  to  cool  electronic  components. 

so  Copending,  commonly  invented  design  patent  filed 
herewith  and  having  serial  number  993,570  and  enti- 
tled  CRYOCOOLER,  is  hereby  incorporated  by  refer- 
ence  for  showing  additional  views  of  the  overall  rela- 
tionship  of  the  members. 

55  The  cryogenic  cooling  system  10  is  removably 
mounted  inside  of  an  electric  enclosure  12  as  shown 
in  Figure  1  ,  which  is  made  to  a  standard  specification 
to  mount  racks,  which  are  also  made  to  standard 
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specifications.  The  self-contained  portable  cryogen- 
ic  cooling  system  10  fits  into  a  standard  19  in.  EIA 
rack  enclosure  12.  The  standard  racks  for  the  enclo- 
sure  12  generally  are  a  standard  9U  X  400mm  rack. 
The  "9U"  refers  to  the  height  and  the  "400mm"  refers 
to  the  depth  of  the  rack.  The  ElAenclosure  12  gener- 
ally  has  mounted  therein  racks,  one  on  top  of  the 
other,  to  form  a  digital  computer. 

Referring  to  Figures  2-5,  the  self-contained  port- 
able  cryogenic  cooling  system  10  comprises  a  gener- 
ally  rectangular  base  frame  14  for  supporting  a  cryo- 
cooler  compressor  16,  an  axial  fan  or  blower  and  mo- 
tor  18,  closed  loop  cooling  system  20  including  heat 
exchanger  22,  fluid  pump  24,  drive  motor  36,  inter- 
connecting  piping  26,  28,  and  rejector  heat  exchanger 
38,  and  cryocooler  cold  head  30  all  controlled  by  an 
integrated,  self-controlled,  diagnostic  electronics 
package  composed  of  a  power  box  48  and  control  box 
32.  Power  box  48  and  control  box  32  include  electron- 
ic  control  means  for  variable  speed  operation  of  the 
fan,  pump  and  cryocooler  motors  as  well  as  prognos- 
tic  capabilities  for  maintaining  proper  operation/reli- 
ability  and  communicating  means  to  alert  the  host 
system  of  non-standard  operating  conditions.  The 
portable  cryogenic  cooling  system  10  is  designed  to 
have  many  of  its  components,  e.g.  closed  loop  cool- 
ing  system  pump  motor  36,  axial  fan  and  motor  18, 
electronic  power  and  control  boxes  48  and  32,  and 
sensors  field  serviceable,  many  without  removing  the 
system  from  the  ElAenclosure  12. 

The  base  frame  14,  generally  comprising  angle 
supports,  has  dampening  units  34,  e.g.  springs, 
mounted  thereon  to  support  the  cryocooler  compres- 
sor  16  in  order  to  reduce  the  transmitted  vibration  to 
the  ElAenclosure  12  and  the  components  therein  to 
less  than  0.02g.  Thus,  the  present  system  allows 
computers  within  an  EIA  enclosure  to  house  an  inte- 
gral  Stirling  cryocooler,  rather  than  having  a  split 
cryocooler  in  a  separate  enclosure. 

Closed  loop  cooling  system  20  preferably  com- 
prises  an  integrated  heat  rejection  system  including 
axial  fan  18,  heat  exchanger  coil  22,  fluid  pump  24, 
interconnecting  piping  26,  28  and  rejector  heat  ex- 
changer  38.  Preferably,  the  cooling  system  20  has  a 
fluid,  such  as  brine,  flowing  therethrough  with  the  flu- 
id  pump  24  having  a  magnetic  drive  motor  36  connect- 
ed  thereto  so  that  the  drive  motor  36  can  be  removed 
without  opening  the  closed  fluid/brine  system.  Fur- 
ther,  the  fluid  pump  24  is  generally  attached  to  the 
frame  14  for  easy  access  to  the  drive  motor  36.  Gen- 
erally,  the  interconnecting  piping  26,  28  includes  flex- 
ible  piping  with  shock  loops  to  further  reduce  vibra- 
tion  and  sound  levels  and  to  increase  reliability  of  the 
system.  Computer  manufacturers  require  that  equip- 
ment  within  the  computer  enclosure  12  have  sound 
power  levels  <  6.4  bels  and  vibration  <  0.02g.  Thus, 
in  the  prior  art  the  limited  space  within  the  enclosure 
12  prevented  the  use  of  cryocoolers  within  such  en- 

closures.  The  spring  mounting  system  and  integrated 
heat  rejection  system  found  to  be  useful  in  the  pres- 
ent  invention  is  a  significant  feature  of  the  present  in- 
vention. 

5  The  cryocooler  16  comprises  a  generally  cylindri- 
cal  cryocooler  cold  head  30  secured  to  a  rejector  heat 
exchanger  38,  a  compressor  portion  40  and  expander 
and  regenerator  portion  42.  During  operation  the 
computer  chips  are  cooled  by  the  cold  head  30,  e.g. 

10  the  chips  can  be  in  direct  contact  with  the  cold  head. 
The  axial  fan  or  blower  and  motor  18  includes  a 

fan  shroud  19  which  directs  air  out  of  the  EIA  enclo- 
sure  12.  The  axial  fan  draws  air  through  the  front  of 
the  EIA  enclosure  12  over  and  around  the  cryogenic 

15  cooler  and  through  heat  exchanger  22  to  remove  the 
heat  generated  by  the  cryocooler.  Proper  heat  remov- 
al  within  a  cryocooler  is  essential  for  efficient  opera- 
tion.  Heat  that  is  generated  as  a  result  of  inefficien- 
cies  of  the  motor  within  the  cryocooler  16  is  conduct- 

20  ed  to  and  through  the  housing  of  cryocooler  16  and 
is  picked  up  convectively  by  the  airstream  surround- 
ing  the  cryocooler  16.  Heat  is  also  generated  by  the 
work  done  on  the  helium  gas  in  the  compression  cy- 
linder  of  compressor  40.  This  "heat  of  compression" 

25  must  be  removed  from  the  helium  before  the  helium 
enters  the  regenerative  heat  exchanger  38  in  expan- 
der  portion  42.  This  removal  of  heat  is  accomplished 
in  the  rejector  heat  exchanger  38  where  the  heat  is  re- 
jected  to  the  fluid/brine  of  cooling  system  20  which  is 

30  flowing  therein  as  a  secondary  fluid.  The  heat  picked 
up  in  rejector  heat  exchanger  38  by  the  fluid/brine  is 
rejected  through  heat  exchanger  22  to  the  air  stream 
which  is  produced  by  blower  18  and  which  flows 
through  heat  exchanger  22.  The  discharge  air  of  the 

35  axial  fan  flows  from  heat  exchanger  22  through  grill 
44  to  the  space  in  which  the  EIA  enclosure  12  is  lo- 
cated. 

If  the  cryogenic  cooling  system  10  fails  while  in 
the  ElAenclosure  12,  the  cooling  system  can  be  easi- 

40  ly  removed,  e.g.  through  the  front  door  of  the  ElAen- 
closure,  and  quickly  replaced  by  another  cooling  sys- 
tem.  The  removal  of  the  cooling  system  can  be  ac- 
complished  quickly  because  the  system  is  secured  in 
the  enclosure  with  a  minimum  number  of  hold-downs, 

45  preferably,  two  pairs  of  fixed  hold-down  devices  54  in 
the  front  and  a  pair  of  pivotable  hold-down  devices  56 
in  the  rear  (as  shown  in  Fig.  5),  and  the  system  only 
has  three  power  cables  that  have  to  be  connected. 
Accordingly,  to  remove  the  cryogenic  cooling  system 

so  10  from  the  EIA  enclosure  12,  the  logic  chips  (cryo- 
stat)  are  detached  from  the  cooling  system,  the  power 
cables  46-1  ,  46-2  and  46-3  from  the  EIA  power  supply 
47  are  disconnected  from  the  power  jacks  49-1  ,  49-2 
and  49-3  on  the  cooling  system  1  0,  and  the  fasteners 

55  are  removed  from  the  front  hold-down  devices  54  and 
the  pivotal  rear  hold-down  devices  56.  Then  the  cool- 
ing  system  1  0  can  be  removed  from  the  ElAenclosure 
by  pushing  or  pulling  the  system  on  low  friction  sup- 
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port  means  1  5,  preferably  Teflon®  pads,  secured  to 
the  base  of  the  EIA  rack  for  sliding  engagement  with 
bottom  frame  members  of  the  system.  The  support 
means  15  permit  the  cooling  system  10  to  be  easily 
removed  from  and  inserted  into  the  EIA  enclosure 
without  the  need  for  physical  lifting. 

From  the  foregoing  description  it  should  be  clear 
that  the  self-contained  portable  cryogenic  cooling 
system  10  will  generate  a  nominal  250  watts  of  heat 
lifting  capacity  and  maintain  a  constant  low  temper- 
ature  of  77°K  while  fitting  within  a  24.5  in.  x  17.5  in. 
x  29.5  in.  space.  Cooling  system  10  is  resiliently 
mounted  on  frame  14  which  is  adapted  to  be  slidably 
received  in  an  EIA  enclosure. 

The  cryogenic  cooling  system  10  includes  an  in- 
tegral  Stirling  cryocooler  having  a  compressor  sec- 
tion  40  and  an  expander/regenerator  section  42  in- 
cluding  a  cold  head  30  for  cooling  the  computer  chips. 
Heat  rejection  of  the  heat  generated  by  the  cryocooler 
is  accomplished  by  an  axial  fan  18  drawing  heated  air 
from  the  mechanical  components  of  the  cryocooler 
through  a  heat  exchanger  22  which  is  circulating  flu- 
id/brine  in  a  closed  loop. 

Claims 

1.  Acooling  system  for  an  Electronic  Industry  Asso- 
ciation  (EIA)  enclosure  for  removing  heat  from 
heat  generating  components  within  the  EIA  en- 
closure  comprising: 

a  generally  rectangular  base  frame  mem- 
ber  sized  to  fit  into  the  ElAenclosure  for  support- 
ing  an  integral  Stirling  cryocooler  thereon, 
whereby  a  cold  head  of  said  integral  Stirling  cryo- 
cooler  is  operatively  connected  to  the  heat  gen- 
erating  components  within  the  ElAenclosure  to 
remove  heat  therefrom; 

support  means  for  flexibly  connecting  said 
integral  Stirling  cryocooler  to  said  base  frame 
member; 

slide  means  member  for  movably  support- 
ing  the  cooling  system  during  selective  move- 
ment  between  an  operating  position  inside  of  the 
ElAenclosure  and  a  non-operating  position  out- 
side  the  ElAenclosure;  and 

external  means  connected  to  the  cooling 
system  when  in  the  operating  position  consisting 
essentially  of  electrical  power  means. 

2.  Acooling  system  as  set  forth  in  Claim  1  wherein 
said  support  means  includes  spring  means 
wherein  said  spring  means  enables  less  than 
0.02g  vibration  to  be  transmitted  to  the  heat  gen- 
erating  components. 

3.  A  cooling  system  as  set  forth  in  Claim  2  wherein 
said  slide  means  contacts  a  lower  portion  of  the 

ElAenclosure. 

4.  Acooling  system  as  setforth  in  claim  1  further  in- 
cluding: 

5  heat  rejection  means  for  heat  rejection 
means  for  rejecting  heat  generated  by  said  cryo- 
cooler  including  fan  means  for  passing  air  over 
said  cryocooler  where  said  air  is  heated,  and  then 
through  a  heat  exchanger  and  away  from  said 

10  cooling  system. 

5.  The  cooling  system  of  Claim  4  wherein  said  heat 
exchanger  is  located  in  a  closed  fluid  loop  which 
also  includes  a  pump,  a  pump  motor,  a  rejector 

15  and  fluid  connection  means. 

6.  The  cooling  system  of  claim  5  further  including 
electronic  control  means  for  variable  speed  oper- 
ation  of  said  fan,  pump  and  cryocooler  motors  as 

20  well  as  prognostic  capabilities  for  maintaining 
proper  operation/reliability  and  communication 
means  to  alert  a  host  computer  system  of  non- 
standard  operating  conditions. 
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