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Jescription 

"echnical  Field 
This  invention  pertains  to  the  field  of  active 

lystems  for  cooling  stacked  electrochemical  cells, 
,e.,  batteries  or  fuel  cells. 

Sackground  Art 
U.S.  patent  4,189,527  discloses  a  cooling  heat 

>ipe  which  is  orthogonal  to  a  stack  of  plates  within 
i  metal-hydrogen  cell.  The  heat  pipe  makes  electri- 
:al  contact  with  all  plates  having  one  of  the 
jolarities,  whereas  in  the  present  invention,  the 
:ooling  means,  which  may  be  a  heat  pipe,  is 
jlectrically  insulated  from  the  electrochemical 
jells  in  the  stack.  The  reference  cooling  scheme 
suffers  from  the  drawback  that  there  is  a  small  area 
5f  contact  between  each  plate  and  the  heat  pipe, 
:ausing  very  high  temperatures  in  the  vicinity  of 
he  heat  pipe.  Cooling  fluid  is  not  made  to  flow 
Darallel  to  the  planes  of  the  plates  as  in  the  present 
nvention. 

U.S.  patent  4,098,962  discloses  a  metal-hydro- 
jen  battery  in  which  a  cooling  gas  is  made  to  flow 
Drthogonal  to  the  stacked  cells,  causing  cell-to-cell 
:emperature  gradients.  In  the  present  invention, 
on  the  other  hand,  the  cooling  fluid  flows  parallel 
to  the  planes  of  the  cells,  resulting  in  tempera- 
ture  gradients  within  a  cell,  but  not  cell-to- 
:ell. 

U.S.  patent  4,101,718  discloses  a  complex  fuel 
cell  in  which  three  coolant  channels  26  direct  a 
Fluid  flow  orthogonal  to  the  planes  of  the  indivi- 
dual  cells. 

The  following  U.S.  patents  disclose  fuel  cells  in 
which  coolant  plates  are  sandwiched  between  the 
cells  at  infrequent  intervals:  3,880,670;  4,192,906; 
4,233,369;  4,310,605;  4,342,816;  4,397,918; 
4,407,904;  and  4,444,851.  This  technique  suffers 
from  several  drawbacks:  the  cells  remote  from  the 
coolant  plates  are  not  cooled  to  the  same  degree 
as  cells  proximate  to  the  coolant  places,  impairing 
the  longevity  of  the  stack;  the  individual  coolant 
plates  cannot  be  tested  without  taking  the  entire 
fuel  cell  structure  apart;  and  the  presence,  in  many 
cases,  of  gas  pockets,  worsens  the  thermal 
conductivity  in  the  direction  orthogonal  to  the 
planes  of  the  cells.  In  a  stack  of  bipolar  cells,  such  a 
system  would  require  the  use  of  a  nonconductive 
cooling  fluid  to  avoid  short  circuits  between  cells, 
since  battery  current  flows  through  the  cooling 
plates;  in  the  present  invention,  on  the  other  hand, 
the  cooling  fluid  can  be  conductive  or  nonconduc- 
tive. 

U.S.  patent  4,115,630  discloses  a  metal-hydro- 
gen  battery  which  does  not  have  an  active  cooling 
system. 

The  present  invention  provides  a  stack  of  sub- 
stantially  planar  electrochemical  cells  cooling 
system  comprising: 

means  for  directing  the  flow  of  cooling  fluid 
parallel  to  the  plane  of,  and  adjacent  to  the  longer 
lateral  edge  of  each  cell;  and 

means  for  substantially  equalizing  the  rate  of 
flow  of  cooling  fluid  past  each  cell;  wherein 

each  cell  experiences  suDstantiany  me  same 
cooling  environment.  The  rate  of  fluid  flow  past 
each  cell  is  substantially  equalized,  so  that  each 
cell  experiences  substantially  the  same  cooling 

5  environment.  This  flow  equalization  may  be 
accomplished  by  equalizing  the  resistance  to  the 
fluid  flow  within  each  cooling  path,  where  a 
cooling  path  is  defined  as  the  round  trip  path  taken 
by  the  cooling  fluid  in  cooling  a  single  cell.  One 

o  way  of  accomplishing  an  equal  resistance  in  each 
cooling  path  is  to  provide  an  input  manifold 
coupled  to  the  cooling  panel  by  a  series  of  orifices 
(28)  having  monotonically  increasing  size  as  the 
fluid  traverses  the  manifold  (25)  in  a  direction 

'5  away  from  a  fluid  pump  (21). 
In  the  preferred  counterflow  embodiment,  two 

cooling  panels  (15,  16)  are  employed,  whereby  the 
fluid  flows  through  the  second  panel  (16)  in  a 
direction  opposite  to  that  within  thefirst  panel  (15). 

io  Two  or  more  cooling  systems  (40,  41)  may  be 
used,  sharing  a  single  fluid  pump  (21)  and  heat 
exchanger  (23).  The  cooling  panel  (15,  16)  may  be 
divided  into  a  series  of  parallel  channels  (33). 
Ratherthan  using  a  fluid  having  a  single  state,  heat 

is  pipe  panels  (35)  using  a  two-phase  fluid  may  be 
used  instead. 

Brief  Description  of  the  Drawings 
These  and  other  more  detailed  and  specific 

so  objects  and  features  of  the  present  invention  are 
more  fully  disclosed  in  the  following  specification, 
reference  being  had  to  the  accompanying  draw- 
ings,  in  which: 

Figure  1  is  an  isometric,  partially  broken-away 
35  view  of  a  metal-gas  battery  3  utilizing  the  present 

invention.  The  "side",  "top",  and  "end"  of  a  stack 
9  are  defined  on  Fig.  1.  These  orientations  are 
referred  to  in  the  descriptions  of  the  other  Figures, 
infra; 

40  Figure  2  is  a  side  view  of  a  preferred  embodi- 
ment  of  cooling  panel  15  of  the  present  invention; 

Figure  3  is  a  top  view  of  a  stack  9  showing 
counterflow  cooling  panels  15,  16  of  the  present 
invention,  with  corresponding  intracellular 

45  temperature  gradients; 
Figure  4  is  a  top  view  of  a  stack  9  illustrating  the 

temperature  gradients  which  would  occur  if 
.  counterflow  were  not  employed; 

Figure  5  is  a  top  view  of  an  embodiment  of  the 
so  present  invention  in  which  three  stacks  9  are 

cooled  by  two  cooling  systems  40,  41; 
Figure  6  is  a  top  view  of  an  embodiment  of  the 

present  invention  in  which  curved  counterflow 
panels  15  and  16  are  used  to  cool  a  stack  9  having 

55  circular  ceils  11; 
Figure  7  is  a  side  view  of  an  embodiment  of  the 

present  invention  in  which  cooling  panel  15  is 
divided  into  a  series  of  channels  33; 

Figure  8  is  a  top  view  of  an  embodiment  of  the 
so  present  invention  in  which  heat  pipe  panels  35  are 

used  between  the  stacks  9;  and 
Figure  9  is  an  interior  view  within  a  stack  9,  along 

the  "end"  orientation,  showing  details  of  construc- 
tion  of  the  left  hand  portion  of  a  cell  11. 
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lest  Mode  for  Carrying  Out  the  Invention 
The  invention  described  herein  has  applicabil- 

:y  to  cooling  any  stack  9  of  electrochemical  cells 
1  in  which  minimization  of  temperature 
iradient  from  cell  to  cell  is  important  to  the  life 
nd  performance  of  the  stack  9.  As  used  through- 
iut  this  specification  and  claims,  an  "elec- 
rochemical  cell"  is  a  device  which  uses 
hemicals  to  generate  electricity  in  a  direct  con- 
ersion  process.  Examples  of  electrochemical 
ells  are  batteries  3  and  fuel  cells. 
Figure  1  illustrates  a  bipolar  metal-gas,  e.g., 

lickel-hydrogen,  battery  3,  comprising  three  par- 
illel  stacks  9  of  substantially  planar  bipolar  cells 
I  within  a  pressurized  cylindrical  vessel  5  ter- 
ninating  at  each  end  in  a  domed  end  cap  7.  The 
(lanes  of  the  cells  11  are  parallel  to  the  surface 
abeled  "top"  in  Fig.  1.  Such  a  bipolar  battery  3, 
vhen  designed  for  large  scale  energy  storage, 
jenerates  significant  amounts  of  heat  within  the 
;ell  stack  9,  by  stack  resistive  losses,  charging/ 
lischarging  inefficiencies  due  to  oxygen  genera- 
ion  and  electrode  polarization,  and  the  exother- 
nic  oxygen-hydrogen  gas  recombination  on 
jvercharge.  The  cooling  systems  (40,  41) 
described  herein  remove  this  heat  reliably  and 
safely. 

Rigid  top  and  bottom  structural  plates  20  apply 
:ompressive  force  on  the  top  and  bottom  of  each 
stack  9  to  reduce  the  resistive  losses  of  the 
Dipolar  electrical  connections  between  cells  11. 
Pooling  panels  15,  16  (associated  with  cooling 
systems  40  and  41,  respectively)  are  interspersed 
Detween  the  stacks  9  and  are  pressed  firmly 
:hereagainst  by  means  of  side  support  brackets 
17  and  compression  rods  19,  so  that  good 
:hermal  conductivity  is  maintained  between  cells 
II  and  a  cooling  fluid  that  flows  within  the 
Danels  15,  16.  The  cooling  fluid  may  be  any 
suitable  cooling  means  such  as  Freon,  water, 
glycol,  or  antifreeze.  In  all  embodiments 
described  herein  except  for  the  Fig.  8  embodi- 
ment,  the  cooling  fluid  exists  in  a  single  state, 
sither  liquid  or  gas,  preferably  liquid. 

The  interior  of  vessel  5  not  occupied  by  the 
illustrated  components  is  filled  with  a  reactant 
gas,  e.g.,  hydrogen,  which  communicates  with 
the  interiors  of  the  cells  11  by  means  of  holes  13 
through  ends  thereof.  Cooling  manifolds  25,  27; 
cooling  pipes  29  —  32;  cooling  and  electrical  feed- 
throughs;  voltage  and  pressure  indicators;  and 
electrical  bus  bars  between  stacks  9  are  not 
shown  in  Fig.  1,  for  purposes  of  clarity. 

The  cooling  fluid  is  made  to  flow  adjacent  to 
each  cell  11  within  the  panels  15,  16  in  a  direc- 
tion  parallel  to  the  planes  of  the  cells  11. 
(Throughout  the  Figures,  arrows  refer  to  the 
direction  of  cooling  fluid  flow.)  This  parallel  flow 
draws  heat  out  of  the  cells  11  through  the  plane 
of  each  cell  11.  Furthermore,  the  cooling  fluid  is 
made  to  flow  past  each  cell  11  at  substantially 
the  same  rate  to  insure  that  each  cell  11 
experiences  substantially  the  same  cooling 
environment.  One  means  of  accomplishing  this 
is  to  equalize  the  resistance  to  the  cooling  fluid 

tlow  tnrougn  eacn  cooimg  pam  î .  m  uuuuny 
path  12  is  defined  as  that  round  trip  path  taken 
by  the  cooling  fluid  to  cool  one  particular  cell  11. 
Figure  2  illustrates  an  arbitrary  cooling  path  12, 

>  which  starts  from  fluid  pump  21,  and  progresses 
through  input  pipe  29,  a  portion  of  input  mani- 
fold  25,  cooling  panel  15,  a  portion  of  output 
manifold  27,  output  pipe  31,  heat  exchanger  23, 
and  return  pipe  39  back  to  pump  21.  Heat 

o  exchanger  23  disposes  of  excess  heat  generated 
by  the  electrochemical  stacks  9  at  a  region 
remote  therefrom.  Heat  exchanger  23  may  com- 
prise  a  refrigerator,  radiator,  fan,  cooling  fins,  or 
any  other  means  of  disposing  of  waste  heat. 

5  Pipes  29—32,  39;  manifolds  25,  27;  and  panels 
15,  16  are  preferably  fabricated  of  metal  rather 
than  nonmetallic  materials  such  as  plastic, 
because  of  better  thermal  conductivity  and 
greater  ease  in  forming  reliable  mechanical 

o  joints. 
While  the  cooling  panels  15,  16  do  not  come  in 

contact  with  the  corrosive  electrolyte  of  the 
battery  3  during  normal  operations,  panels  15,  16 
are  preferably  made  of  non-corrosive  materials, 

@5  i.e.,  stainless  steel  or  nickel,  or  protected  with  an 
anti-corrosive  coating  material,  to  shield  them 
from  exposure  to  the  electrolyte  during  activa- 
tion,  testing,  and  operation  of  the  battery  3. 

All  elements  of  the  cooling  systems  40,  41  are 
to  electrically  insulated  from  the  cell  components 

44  —  48  by  means  of  a  cell  encasement  frame  42 
(Figure  9).  In  a  bipolar  battery  3,  the  stack  9 
utilizes  a  bipolar  conduction  plate  43  (typically 
fabricated  of  nickel  foil)  for  electrical  conduction 

15  from  one  cell  11  to  another.  The  thermal  path 
from  the  cell  components  44  —  48  to  the  panels 
15,  16  through  the  cell  frame  42  is  improved  by 
extending  the  bipolar  nickel  foil  43  into  the  frame 
42.  The  thermal  path  can  also  be  improved  by 

to  increasing  the  foil  43  thickness,  but  this  entails  a 
weight  penalty,  which  may  be  important,  e.g.,  for 
spacecraft  applications. 

One  way  of  equalizing  the  resistances  in  all 
cooling  paths  12  is  to  equalize  the  fluid  pressures 

45  therethrough.  This  may  be  accomplished  by  pro- 
viding  input  and  output  manifolds  25,  27  at  the 
ends  of  each  panel  15,  16,  and  positioning  a 
series  of  orifices  28  in  a  common  wall  separating 
the  input  manifold  25  from  the  cooling  panel  15, 

50  16,  as  illustrated  in  Fig.  2.  Panel  15,  16  can  be 
channelized  (see  Fig.  7)  or  a  single  hollow  rect- 
angular  prism  throughout  which  cooling  fluid  is 
free  to  flow.  The  number  of  orifices  28  need  not 
equal  the  number  of  cells  11  in  the  associated 

55  stack  9.  To  substantially  equalize  the  fluid 
pressures  for  all  cooling  paths  12,  the  orifices  28 
are  made  monotonically  increasingly  bigger  as 
the  fluid  moves  away  from  the  direction  of  pump 
21,  to  compensate  for  the  drops  in  pressure 

60  caused  by  cooling  fluid  exiting  manifold  25  from 
those  orifices  28  closer  to  pump  21.  Output 
manifold  27  also  communicates  with  panel  15  by 
means  of  orifices  (26),  which  may  or  may  not  be 
equal  in  size  depending  upon  the  degree  of 

65  variation  in  the  sizes  of  orifices  28. 
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Alternatively,  equal  fluid  flow  rates  may  be 
ccomplished  by  building  guides  internal  to  input 
nanifold  25  to  gradually  fan  out  the  flow  from 
iipe  29  into  the  panel  15  profile. 

Figure  3  shows  a  preferred  embodiment  in 
vhich  two  cooling  panels  15  and  16  are  used  to 
ool  each  stack  9.  In  this  embodiment,  each  cell  1  1 
las  a  rectangular  shape  in  its  plane;  this  shape 
nakes  fabrication  of  the  stacks  9  and  cell  com- 
lonents  44  —  48  easier.  A  first  cooling  panel  15  is 
iressed  against  a  first  long  side  of  each  cell  1  1  in 
he  stack  9,  and  a  second  cooling  panel  16  is 
iressed  against  the  other  long  side  of  each  cell  11 
n  the  stack  9.  Cooling  fluid  within  each  of  the 
>anels  15,  16  flows  parallel  with  the  planes  of  the 
:ells  11  as  before,  but  in  opposite  directions  as 
llustrated,  resulting  in  each  cell  11  experiencing 
he  illustrated  distributions  of  temperature  (T) 
versus  L,  the  linear  measurement  across  the  short 
iimension  of  each  cell  11.  Three  such  tempera- 
ure  distributions  are  shown,  corresponding  to 
hree  different  points  along  the  long  dimension  of 
;ach  cell  11. 

If  this  technique  of  counterflow  were  not 
jmployed,  the  temperature  distributions  illus- 
rated  in  Figure  4  would  obtain.  Figure  4  is 
dentical  to  Figure  3  except  that  cooling  fluid  is 
nade  to  flow  in  the  same  direction  within  each  of 
tie  panels  15,  16.  The  counterflow  temperature 
distribution  of  Figure  3  is  preferable  because  the 
average  temperature  along  the  long  dimension  of 
sach  cell  11  is  roughly  the  same,  increasing  the 
reliability,  performance,  and  longevity  of  the  cells 
11. 

Figure  5  is  a  top  view  of  a  fuel  cell  or  battery  3 
such  as  that  illustrated  in  Fig.  1,  in  which  two 
cooling  systems  40,  41  are  used  to  cool  three  side- 
by-side  stacks  9  of  electrochemical  cells  11  using 
the  preferred  counterflow  technique.  Such  a  con- 
figuration  may  be  used  for  high  voltage  bipolar 
batteries  3  to  best  utilize  the  internal  volume  of 
the  cylindrical  pressure  vessel  5.  The  stacks  9  are 
externally  connected  electrically,  in  series  or  par- 
allel,  using  appropriate  bus  bars  (not  illustrated). 
The  two  cooling  systems  40,  41  share  a  single 
pump  21  and  a  single  heat  exchanger  23,  con- 
nected  via  a  single  return  pipe  39.  The  pump  21 
and  heat  exchanger  23  are  external  to  the  battery 
3,  and  the  cooling  fluid  piping  29  —  32  passes 
through  the  pressure  vessel  wall  5  via  a  pressure 
sealed  feedthrough  (not  shown). 

Cooling  system  40  comprises  input  pipe  29, 
three  parallel  cooling  panels  15,  and  output  pipe 
31.  The  lower,  middle,  and  upper  cooling  panels 
15,  respectively,  cool  the  lower,  middle,  and 
upper  stacks  9,  respectively.  Cooling  fluid  flow  in 
each  of  panels  15  is  in  the  same  direction.  For  the 
sake  of  convenience,  upper  panels  15  share  a 
common  wall  14. 

Similarly,  cooling  system  41  comprises  input 
pipe  30,  three  parallel  cooling  panels  16,  and 
output  pipe  32.  The  lower,  middle,  and  upper 
cooling  panels  16,  respectively,  cool  the  lower, 
middle,  and  upper  stacks  9,  respectively.  Cooling, 
fluid  flow  in  each  of  panels  16  is  in  the  same 

direction  and  is  opposea  to  tne  now  in  eacn  ot 
panels  15.  The  fact  that  pump  21  and  heat 
exchanger  23  are  common  to  each  cooling 
system  40,  41  helps  equalize  the  temperature  at 

?  the  inputs  29,  30  of  these  systems  40,  41  ,  helping 
to  insure  that  all  the  cells  1  1  within  all  three  stacks 
9  experience  substantially  the  same  cooling 
environment  as  desired. 

It  is  not  necessary  that  the  cooling  pipes  29  —  32 
o  be  electrically  insulated  from  vessel  5,  because 

vessel  5  and  cooling  systems  40,  41  are  electric- 
ally  and  ionically  isolated  from  the  components 
comprising  the  stack  9.  However,  compression 
seals  of  the  type  commonly  used  in  present-day 

5  nickel-hydrogen  battery  cells  could  be  used  for 
cooling  pipe  29—32  feedthroughs. 

Pressure  compensation  bellows  49  can  be  used 
in  a  portion  of  pipes  29—32  internal  to  vessel  5. 
This  bellows  49  automatically  equalizes  pipe 

'0  29  —  32  pressure  to  the  internal  battery  3  pressure 
as  the  battery  3  is  charged  and  discharged.  Thus, 
it  reduces  mechanical  stress  on  pipe  29  —  32  joints 
and  cooling  panels  15,  16,  thereby  improving 
battery  3  reliability  and  decreasing  weight. 

!5  Additionally,  it  permits  optimizing  the  shape  of 
the  pipes  29  —  32  and  cooling  panels  15,  16  for 
effective  heat  transfer  rather  than  for  withstand- 
ing  high  pressure  differentials.  Bellows  49  com- 
prises  a  hollow,  rigid  support  cylinder  50  having 

jo  one  end  open  to  the  gas  permeating  the  interior 
of  the  battery  3.  Within  the  cylinder  50  is  a  flexible 
bladder  51  containing  the  cooling  fluid.  The  blad- 
der  is  free  to  expand  and  contract  to  equalize 
pressure  differentials. 

35  Figure  6  illustrates  an  embodiment  in  which 
each  of  the  substantially  planar  cells  11  has  a 
circular  shape  in  its  plane.  Counterflow  cooling  is 
accomplished  in  this  embodiment  by  means  of 
curving  panels  15  and  16  as  illustrated.  Normally, 

40  the  rectangular  cell  11  shape  illustrated  in  Figs. 
1  —  5  and  7—9  is  preferable  to  the  circular  shape 
illustrated  in  Fig.  6,  because  it  entails  a  simpler 
and  less  expensive  geometry  for  manufacturing 
larger  cell  11  sizes.  The  cooling  system  40,  41  of 

45  the  present  invention  is  sufficiently  effective  in 
most  cases  to  permit  use  of  this  preferable  rect- 
angular  geometry,  even  when  the  ends  of  the 
cells  11  are  not  directly  cooled  by  panels  15,  16. 
Furthermore,  in  a  rectangular  cell  1  1  battery  3,  the 

so  voltage  and/or  capacity,  can  be  readily  changed, 
reducing  non-recurring  development  costs  and 
minimizing  technical  and  performance  risks.  The 
thermal  design  of  the  battery  3  establishes  an 
electrode  width  based  on  the  thermal  conduc- 

55  tivity  of  the  path  between  the  stack  9  and  the 
cooling  panel  15,  16.  This  electrode  width  remains 
fixed  as  battery  3  electrical  performance  require- 
ments  change.  Higher  battery  3  voltage  is  accom- 
plished  by  adding  more  bipolar  cells  11  and 

60  increasing  the  stack  9  height  and  cooling  panel 
15,  16  height,  or  by  creating  an  additional  electric- 
ally  series-connected  substack  9.  Higher  capacity 
is  accomplished  by  increasing  cell  11  area  via 
increased  cell  electrode  length;  the  cooling  panel 

65  15,  16  length  is  increased  accordingly.  Higher 
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capacity  can  also  be  obtained  by  creating  an 
additional  electrically  parallel-connected  substack 
9.  In  either  case,  the  pumped  fluid  flow  rate  is 
increased  to  carry  away  the  additional  heat, 
resulting  in  similar  inter-cell  and  intra-cell 
temperature  gradients. 

Figure  7  illustrates  an  embodiment  of  the 
present  invention  in  which  cooling  panel  15  has 
been  segmented  into  several  channels  33.  This 
technique  can  increase  the  reliability  of  the  fuel 
cell  or  battery  3,  because  the  failure  of  one  of  the 
channel  33  will  not  disrupt  the  flow  of  cooling 
fluid  through  the  remaining  channels  33.  A  dis- 
advantage  of  this  technique  is  that  the  fabrication 
becomes  more  complex:  non-channelized  panels 
15,  16  reduce  the  number  of  connections 
required,  are  relatively  easy  to  match  in  terms  of 
flow  rate,  and  are  simple  in  structure,  reducing 
resistance  to  fluid  flow  and  possibility  of  block- 
age.  As  a  compromise,  each  channel  33  can  be 
made  wide  enough  to  cool  several  cells  11  as 
illustrated. 

Unlike  the  previous  embodiments,  which  illus- 
trate  a  single-state  cooling  fluid,  Figure  8  illus- 
trates  an  embodiment  in  which  heat  pipe  panels 
35,  containing  a  two-phase  (liquid  and  gas)  fluid, 
are  employed  between  the  stacks  9  in  place  of 
cooling  panels  15,  16.  Heat  pipe  panels  35  extend 
beyond  the  stacks  9  and  penetrate  a  coolant 
chamber  37  located  near  the  stacks  9,  Within  each 
heat  pipe  panel  35  is  a  wick  which  conveys  the 
liquid  state  of  the  two-phase  fluid  within  the  heat 
pipe  panel  35  to  a  region  of  relatively  high 
temperature,  whereupon  the  liquid  form 
evaporates,  then  travels  as  a  gas  within  the  heat 
pipe  panel  35  to  a  relatively  cooler  region,  where 
it  condenses  back  into  the  liquid  state.  The  rela- 
tively  hot  regions  are  adjacent  stacks  9,  and  the 
relatively  cool  regions  are  near  coolant  chamber 
37,  which  is  cooled  by  means  of  pumping  a 
single-state  cooling  fluid  by  means  of  pump  21 
through  chamber  37,  and  disposing  of  excess 
heat  by  means  of  heat  exchanger  23  before 
returning  the  fluid  to  pump  21  via  return  pipe  39. 

As  with  the  previous  embodiments,  the  two- 
phase  fluid  is  made  to  flow  parallel  to  the  planes 
of  the  cells  11,  drawing  heat  from  the  cells  11 
through  their  planes.  The  Fig.  8  embodiment  is 
more  efficient  than  the  other  embodiments;  how- 
ever,  it  is  more  expensive.  Furthermore,  cooling 
systems  40,  41  of  a  single-state  fluid  embodiment 
can  be  pressurized  to  increase  efficiency,  whereas 
heat  pipe  panels  35  cannot. 

Claims 

1.  A  stack  of  substantially  planar  electrochemi- 
cal  cells  (11)  having  a  cooling  system  comprising: 

means  for  directing  the  flow  of  cooling  fluid 
parallel  to  the  plane  of,  and  adjacent  to,  the  longer 
lateral  edge  of  each  cell;  and 

means  fof  substantially  equalizing  the  rate  of 
flow  of  cooling  fluid  past  each  cell;  wherein 

each  cell  experiences  substantially  the  same 
cooling  environment. 

2.  The  stack  according  to  claim  1,  wherein  the 
electrochemical  cells  constitute  a  bipolar  metal- 
gas  battery. 

3.  The  stack  according  to  claim  1,  wherein  the 
5  electrochemical  cells  constitute  a  fuel  cell. 

4.  The  stack  according  to  claim  1,  wherein  the 
cooling  system  further  comprises: 

coupled  to  an  input  of  the  directing  means, 
means  for  pumping  the  cooling  fluid  through  the 

w  directing  means; 
coupled  to  an  output  of  the  directing  means, 

means  for  exchanging  heat  out  of  the  cooling 
system;  and 

a  return  pipe  coupling  the  pumping  means  and 
15  the  heat  exchanging  means;  wherein  the  direct- 

ing  means  comprises: 
for  each  cell,  a  cooling  path  comprising  the 

round  trip  route  taken  by  cooling  fluid  to  cool  that 
cell,  wherein 

20  the  resistance  to  cooling  fluid  flow  is  sub- 
stantially  the  same  for  all  cooling  paths. 

5.  A  stack  according  to  claim  4,  wherein  the 
directing  means  comprises  a  hollow  cooling 
panel  pressed  against  a  side  of  each  of  the  cells; 

25  and 
an  input  manifold  is  coupled  between  the  pump 

and  the  cooling  panel,  said  manifold  com- 
municating  with  the  cooling  panel  via  several 
manifold  orifices  that  have  monotonically 

30  increasing  size  as  the  fluid  travels  within  the 
manifold  in  a  direction  away  from  the  pump. 

6.  A  stack  according  to  claim  1,  wherein  each 
cell  has  the  shape  of  a  rectangular  prism  having 
first  and  second  long  sides;  and 

35  the  directing  means  comprises  first  and  second 
cooling  panels;  wherein 

one  of  the  cooling  panels  is  pressed  against  the 
first  long  side  of  each  of  the  cells,  and  the  other 
cooling  panel  is  pressed  against  the  other  long 

40  side  of  each  of  the  cells;  and 
with  respect  to  the  plane  of  each  of  the  cells, 

cooling  fluid  flows  in  opposite  directions  through 
the  first  and  second  panels. 

7.  A  stack  according  to  claim  6,  further  compris- 
es  ing: 

several  side-by-side  stacks  of  electrochemical 
cells; 

two  sets  of  cooling  panels  pressed  against  the 
cells,  each  set  comprising  one  panel  for  each  stack; 

so  a  single  pump  for  pumping  the  fluid  through  all 
the  panels  of  both  sets; 

a  single  heat  exchanger  coupled  to  all  of  the 
panels  of  both  sets;  and 

a  return  pipe  coupling  the  pump  and  the  heat 
55  exchanger;  whereby 

the  temperature  at  the  pump  side  of  each  of  the 
panels  is  substantially  the  same. 

8.  A  stack  according  to  claim  1,  wherein  the 
directing  means  comprises  a  cooling  panel  con- 

60  veying  the  cooling  fluid,  said  panel  being  pressed 
against  each  of  the  cells  in  the  stack  and  compris- 
ing  several  channels  that  are  parallel  to  each 
other  and  to  the  planes  of  each  of  the  cells,  with 
each  said  channel  being  pressed  against  at  least 

65  one  cell. 
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9.  The  apparatus  of  claim  1,  wherein  the  direct- 
ng  means  comprises  a  cooling  panel  that  is 
>ressed  against  all  the  cells  in  the  stack,  said 
janel  comprising  a  heat  pipe  have  a  wick  spread 
ilong  the  inner  surface  of  the  panel,  whereby  the 
:ooling  fluid  is  drawn,  in  a  liquid  state,  by  the  wick 
o  relatively  high  temperature  regions  within  the 
janel,  where  it  is  evaporated  into  a  gaseous  state, 
and  said  fluid  condenses  into  its  liquid  state  at 
elatively  low  temperature  regions  with  said 
janel. 

'atentanspruche 

1.  Stapel  aus  im  wesentlichen  ebenen  elektro- 
:hemischen  Zellen  (11),  die  ein  Kuhlsystem 
laben,  mit: 

einer  Einrichtung,  die  die  Stromung  eines  KCihl- 
:luids  parallel  zur  Ebene  der  langeren  Seiten- 
<ante  jeder  Zelle  und  dieser  benachbart  lenkt; 
jnd 

einer  Einrichtung,  die  die  Durchflufileistung  des 
<uhlfluids  an  jeder  Zelle  vorbei  im  wesentlichen 
ausgleicht;  wobei  jede  Zelle  im  wesentlichen  die 
gleiche  Kuhlumgebung  erfahrt. 

2.  Stapel  nach  Anspruch  1,  bei  dem  die  elektro- 
:hemischen  Zellen  eine  bipolare  Metali-Gas-Bat- 
terie  bilden. 

3.  Stapel  nach  Anspruch  1,  bei  dem  die  elektro- 
chemischen  Zellen  ein  Brennstoffelement  bilden. 

4.  Stapel  nach  Anspruch  1,  bei  dem  das  Kuhlsy- 
stem  ferner  folgendes  aufweist:  gekoppelt  an 
einen  Eingang  der  lenkenden  Einrichtung  eine 
Einrichtung  zum  Pumpen  des  Kuhlfluids  durch  die 
lenkende  Einrichtung; 

gekoppelt  an  einen  Ausgang  der  lenkenden 
Einrichtung  eine  Einrichtung  zum  Austauschen 
von  Warme  aus  dem  Kuhlsystem;  und 

ein  Ruckstromrohr,  welches  die  Pumpeinrich- 
tung  und  die  Warmeaustauscheinrichtung  kop- 
pelt;  wobei  die  lenkende  Einrichtung  folgendes 
aufweist: 

fur  jede  Zelle  eine  Kuhlstrecke,  die  den  Rund- 
weg  aufweist,  welchen  das  Kuhlfluid  zum  Kuhlen 
dieser  Zelle  durchlauft,  wobei 

der  Widerstand  gegen  die  Kiihlfluidstromung 
fur  alle  Kuhlstrecken  im  wesentlichen  der  gleiche 
ist. 

5.  Stapel  nach  Anspruch  4,  bei  dem  die  len- 
kende  Einrichtung  eine  hohle  Kuhltafel  aufweist, 
die  gegen  eine  Seite  jeder  der  Zellen  geprelSt  ist; 
und 

eine  Eingangssammelleitung  zwischen  die 
Pumpe  und  die  Kuhltafel  gekoppelt  ist,  die  mit  der 
Kuhltafel  durch  mehrere  Offnungen  in  Verbin- 
dung  steht,  die  in  dem  Mafi,  in  dem  das  Fluid 
innerhalb  der  Sammelleitung  in  Richtung  von  der 
Pumpe  weg  wandert,  eine  monoton  zunehmende 
Grofie  haben. 

6.  Stapel  nach  Anspruch  1,  bei  dem  jede  Zelle 
die  Gestalt  eines  rechteckigen  Prismas  mit  ersten 
und  zweiten  langen  Seiten  hat;  und 

die  lenkende  Einrichtung  erste  und  zweite  Kuhl- 
tafeln  aufweist;  wobei 

eine  der  Kiihltafeln  gegen  die  erste  lange  Seite 

jeder  der  Zellen  gepreist  ist  una  aie  anaere  luini- 
tafel  gegen  die  andere  lange  Seite  jeder  der  Zellen 
gepre&t  ist;  und 

Kuhlfluid  in  Bezug  auf  die  Ebene  jeder  der 
5  Zellen  in  entgegenesetzten  Richtungen  durch  die 

erste  und  zweite  Tafel  fliefct. 
7.  Stapel  nach  Anspruch  6,  der  ferner  folgendes 

aufweist: 
mehrere  nebeneinanderliegende  Stapel  elek- 

o  trochemischer  Zellen; 
zwei  Satze  von  Kiihltafeln,  die  gegen  die  Zellen 

geprefit  sind,  wobei  jeder  Satz  eine  Tafel  fur  jeden 
Stapel  aufweist; 

eine  einzige  Pumpe  zum  Pumpen  des  Fluids 
'5  durch  alle  Tafeln  beider  Satze; 

einen  einzigen  Warmeaustauscher,  der  mit 
alien  Tafeln  bei-  der  Satze  gekoppelt  ist;  und 

ein  Ruckstromrohr,  welches  die  Pumpe  und  den 
Warmeaustauscher  koppelt;  wodurch 

w  die  Temperatur  an  der  Pumpenseite  jeder  der 
Tafeln  im  wesentlichen  die  gleiche  ist. 

8.  Stapel  nach  Anspruch  1,  bei  dem  die  len- 
kende  Einrichtung  eine  Kuhltafel  aufweist,  welche 
das  Kuhlfluid  transportiert,  wobei  die  Tafel  gegen 

is  jede  der  Zellen  im  Stapel  geprefit  ist  und  mehrere 
Kanale  aufweist,  die  parallel  zueinander  und  zu 
den  Ebenen  jeder  der  Zellen  sind,  wobei  jeder 
dieser  Kanale  gegen  mindestens  eine  Zelle 
geprelSt  ist. 

30  9.  Vorrichtung  nach  Anspruch  1,  bei  der  die 
lenkende  Einrichtung  eine  Kuhltafel  aufweist,  die 
gegen  alle  Zellen  im  Stapel  geprelSt  ist,  wobei  die 
Tafel  ein  Warmerohr  aufweist,  das  einen  Docht 
enthalt,  der  langs  der  Innenflache  der  Tafel  ausge- 

35  breitet  ist,  wodurch  das  Kuhlfluid  in  einem  flussi- 
gen  Zustand  vom  Docht  zu  relativ  hohen  Tempe- 
raturbereichen  innerhalb  der  Tafel  gezogen  wird, 
wo  es  in  einen  gasformigen  Zustand  verdampft 
wird  und  das  Fluid  in  verhaltnismafiig  tiefen 

40  Temperaturbereichen  innerhalb  der  Tafel  in  sei- 
nen  flussigen  Zustand  kondensiert. 

Revendications 

45  1.  Empilement  de  cellules  electrochimiques 
sensiblement  planes  (11)  ayant  un  ensemble  de 
refroidissement,  comprenant: 

un  dispositif  destine  a  diriger  I'ecoulement  du 
fluide  de  refroidissement  parallelement  au  plan 

so  du  grand  bord  lateral  de  chaque  cellule  et  pres  de 
ce  bord,  et 

un  dispositif  destine  a  egaliser  pratiquement, 
les  debits  de  fluide  de  refroidissement  le  long  de 
chaque  cellule,  et  dans  lequel: 

55  chaque  cellule  est  pratiquement  dans  les 
memes  conditions  de  refroidissement. 

2.  Empilement  selon  la  revendication  1,  dans 
lequel  les  cellules  electrochimiques  constituent 
une  batterie  bipolaire  du  type  metal-gaz. 

60  3.  Empilement  selon  la  revendication  1,  dans 
lequel  les  cellules  electrochimiques  constituent 
une  pile  a  combustible. 

4.  Empilement  selon  la  revendication  1,  dans 
lequel  I'ensemble  de  refroidissement  comprend 

65  en  outre: 
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un  dispositif  couple  a  une  entree  du  dispositif 
Jirecteur  afin  qu'il  pompe  le  fluide  de  refroidisse- 
nent  dans  ce  dispositif  directeur, 

un  dispositif  couple  a  une  sortie  du  dispositif 
directeur  afin  qu'il  echange  de  la  chaleur  en 
'extrayant  de  I'ensemble  de  refroidissement,  et 

une  tuyauterie  de  retour  reliant  le  dispositif  de 
Dompage  au  dispositif  d'echange  de  chaleur,  et 
Jans  lequel  le  dispositif  directeur  comprend: 

un  trajet  de  refroidissement  pour  chaque  cel- 
ule,  ce  traject  comprenant  le  circuit  ferme  par- 
;ouru  par  le  fluide  de  refroidissement  qui  refroidit 
;ette  cellule, 

la  resistance  presentee  a  I'ecoulement  du  fluide 
de  refroidissement  etant  pratiquement  la  meme 
dans  tous  les  trajets  de  refroidissement. 

5.  Empilement  selon  la  revendication  4,  dans 
equel  le  dispositif  directeur  comporte  un  pan- 
neau  creux  de  refroidissement  applique  contre  un 
:6te  de  chacune  des  cellules,  et 

un  collecteur  d'entree  est  couple  entre  la 
Dompe  et  le  panneau  de  refroidissement,  le  col- 
ecteur  communiquant  avec  le  panneau  de  refroi- 
dissement  par  plusieurs  orifices  qui  ont  une 
dimension  croissant  de  facon  monotone  dans  le 
sens  d'eloignement  du  fluide  par  rapport  a  la 
Dompe,  a  I'interieur  du  collecteur. 

6.  Empilement  selon  la  revendication  1,  dans 
equel  chaque  cellule  a  la  forme  d'un  prisme 
rectangulaire  ayant  un  premier  et  un  second 
grand  cote,  et 

le  dispositif  directeur  comprend  un  premier  et 
un  second  panneau  de  refroidissement  et  dans 
lequel: 

I'un  des  panneaux  de  refroidissement  est  appli- 
que  contre  le  premier  grand  cote  de  chacune  des 
cellules  et  I'autre  panneau  de  refroidissement  est 
applique  contre  I'autre  grand  cote  de  chacune  des 
cellules,  et 

le  fluide  de  refroidissement  s'ecoule  en  sens 

opposes  dans  le  premier  et  le  secona  panneau, 
par  rapport  au  plan  des  cellules. 

7.  Empilement  selon  la  revendication  6,  com- 
prenant  en  outre: 

5  plusieurs  empilements  de  cellules  electrochimi- 
ques  places  cote  a  cote, 

deux  jeux  de  panneaux  de  refroidissement 
appliques  contre  les  cellules,  chaque  jeu  comore- 
nant  un  panneau  pour  chaque  empilement, 

w  une  pompe  unique  destinee  a  pomper  le  fluide 
dans  tous  les  panneaux  des  deux  jeux, 

un  echanger  de  chaleur  unique  couple  a  tous 
les  panneaux  des  deux  jeux,  et 

une  tuyauterie  de  retour  reliant  la  pompe  a 
is  I'echangeur  de  chaleur, 

les  temperatures  des  panneaux  du  cote  de  la 
pompe  etant  pratiquement  les  memes. 

8.  Empilement  selon  la  revendication  1,  dans 
lequel  le  dispositif  directeur  comporte  un  pan- 

>o  neau  de  refroidissement  transportant  un  fluide  de 
refroidissement,  le  panneau  etant  applique  contre 
chacune  des  cellules  de  I'empilement  et  compre- 
nant  plusieurs  canaux  qui  sont  paralleles  les  uns 
aux  autres  et  au  plan  de  chacune  des  cellules, 

15  chaque  canal  etant  repousse  contre  au  moins  une 
cellule. 

9.  Appareil  selon  la  revendication  1,  dans  lequel 
le  dispositif  directeur  comprend  un  panneau  de 
refroidissement  qui  est  applique  contre  toutes  les 

30  cellules  de  I'empilement,  le  panneau  comprenant 
un  caloduc  ayant  une  meche  etalee  le  long  de  la 
surface  interne  du  panneau,  si  bien  que  le  fluide 
de  refroidissement  est  aspire  par  le  meche,  lors- 
qu'il  est  a  I'etat  liquide,  vers  les  regions  a  tempe- 

35  rature  relativement  elevee  a  I'interieur  du  pan- 
neau,  le  fluide  s'evaporant  a  I'etat  gazeux  dans 
ces  regions  et  se  condensant  a  I'etat  liquide  dans 
les  regions  a  temperature  relativement  basse 
formees  dans  le  panneau. 
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