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©  Electrochemical  generators  of  rectangular  design  having  corner  heating. 

©  A  solid  oxide  electrochemical  cell  generator  (1) 
romprises  a  rectangular  design  with  four  sides  that 
Tieet  at  corners,  and  contains  a  multiplicity  of  elec- 
trically  connected  fuel  cells  (11),  where  a  fuel  gas  is 
passed  over  one  side  of  said  cells,  an  oxygen  con- 
taining  gas  is  passed  into  said  cells,  and  said  fuel  is 
burned  to  form  heat,  electricity,  and  an  exhaust  gas. 
The  improvement  comprises  passing  the  exhaust 
gases  over  the  multiplicity  of  cells  (11)  in  such  a 
way  that  more  of  the  heat  in  said  exhaust  gases 
flows  at  the  comers  of  the  generator,  such  as 
through  channels  (19). 
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ELECTROCHEMICAL  GENERATORS  OF  RECTANGULAR  DESIGN  HAVING  CORNER  HEATING 

This  invention  relates  to  a  rectangular  elec- 
trochemical  generator,  where  feed  fuel  is  burned  to 
form  electricity  and  hot  exhaust  gases,  and  where 
at  least  a  portion  of  the  hot  exhaust  gases  flow 
near  the  corners  of  the  generator. 

In  a  typical  solid  oxide  fuel  cell  generator  con- 
figuration,  a  multiplicity  of  fuel  cells  are  vertically 
mounted  in  a  square  pattern,  and  are  electrically 
connected  in  series  in  the  rows  and  in  parallel  in 
the  columns.  Gaseous  fuel  is  passed  over  the 
outside  of  the  cells  and  an  oxygen-containing  gas 
is  passed  through  the  inside  of  the  cells.  The 
oxygen  migrates  through  the  cells  as  oxygen  ions 
and  burns  the  fuel,  generating  electricity  and  heat. 

While  most  of  the  heat  is  removed  by  the  flow 
of  the  gases,  some  heat  is  lost  through  the  wails  of 
the  generator,  causing  the  temperature  in  the  cen- 
ter  of  the  generator  to  be  higher  than  the  tempera- 
ture  at  the  periphery  of  the  generator,  especially  at 
the  corners.  The  presence  of  a  large  temperature 
gradient  between  the  center  of  the  generator  and 
the  periphery  makes  it  more  difficult  to  operate  the 
generator  within  the  optimal  temperature  range  of 
about  800  'C  to  about  1100'C.  As  a  result,  tem- 
peratures  at  the  center  may  exceed  the  optimum, 
resulting  in  a  shorter  cell  life  and  the  deterioration 
of  materials,  and  temperatures  at  the  periphery 
may  fall  below  the  optimum,  resulting  in  inefficient 
cell  operation  and  the  loss  of  electricity.  Efforts  to 
solve  this  problem  through  the  use  of  additional 
insulation  have  proved  to  be  impractical  or  even 
counterproductive. 

It  is  a  main  object  of  this  invention  to  lower  the 
temperature  gradient  between  the  center  of  the 
generator  and  the  periphery  of  the  generator. 

Accordingly,  the  invention  resides  in  a  solid 
oxide  electrochemical  cell  generator  of  a  rectangu- 
lar  design,  having  four  sides  meeting  at  four  cor- 
ners,  and  containing  a  multiplicity  of  electrically 
connected  electrochemical  cells,  where  a  fuel  gas 
is  passed  over  one  side  of  said  cells,  an  oxygen- 
containing  gas  is  passed  into  said  cells,  and  fuel 
and  oxygen-containing  gas  are  reacted  to  form  an 
exhaust  gas,  the  improvement  characterized  by 
providing  channels  for  passing  at  least  a  portion  of 
said  exhaust  gas  over  the  outside  of  the  periphery 
of  said  multiplicity  of  cells,  said  channels  being 
located  so  that  more  of  the  heat  in  said  exhaust 
gases  flows  at  the  corners  of  said  generator  than 
over  the  remainder  of  the  sides  of  said  generator. 

Further  according  to  the  invention,  is  a  method 
of  operating  a  solid  oxide  fuel  cell  generator  having 
a  rectangular  design,  with  four  sides  that  meet  at 
corners,  and  containing  a  multiplicity  of  electrically 
connected,  tubular  solid  oxide  fuel  cells,  where  a 

fuel  gas  passes  over  one  side  of  said  cells,  an 
oxygen-containing  gas  is  passed  into  said  cells, 
and  fuel  and  oxygen-containing  gas  are  reacted  to 
form  an  exhaust  gas,  an  improved  method  of  re- 

5  ducing  the  thermal  gradient  between  the  cells  at 
the  inside  of  said  generator  and  the  cells  at  the 
periphery  of  said  generator,  characterized  by  pass- 
ing  said  exhaust  gases  over  the  sides  of  said 
generator,  where  a  greater  quantity  of  said  exhaust 

w  gases  are  passed  over  the  corners  of  said  gener- 
ator  than  over  the  remainder  of  the  sides  of  said 
generator. 

A  more  uniform  temperature  gradient  can  be 
obtained  in  a  solid  oxide  electrochemical  cell  gen- 

75  erator  if  the  exhaust  gases  are  passed  over  the 
outside  of  the  periphery  of  the  cells,  with  more  of 
the  exhaust  gases  flowing  at  the  corners  of  the 
generator.  In  this  way,  the  temperatures  at  the 
periphery  of  the  generator  are  raised  and  the  tem- 

20  perature  gradient  within  the  generator  is  reduced. 
As  a  result,  it  is  much  easier  to  operate  the  gener- 
ator  within  the  optimal  temperature  range,  and  tem- 
perature  excursions  above  or  below  that  range  are 
less  likely  to  occur. 

25  In  addition,  the  exhaust  gases  can  be  used  to 
heat  the  incoming  fuel  at  the  bottom  of  the  gener- 
ator,  allowing  the  possibility  of  internal  reformation  . 
of  fuel  without  a  chilling  effect.  By  internally  heating 
the  fuel,  reforming  is  simplified  and  energy  losses 

30  are  reduced. 
In  order  that  the  invention  can  be  more  clearly 

understood,  convenient  embodiments  thereof  will 
now  be  described,  by  way  of  example,  with  refer- 
ence  to  the  accompanying  drawings  in  which: 

35  Figure  1A  is  a  side  view  in  section  of  a 
certain  presently  preferred  embodiment  of  a  solid 
oxide  fuel  cell  generator  according  to  this  invention. 
Figure  1A  is  a  section  through  lines  l-i  in  Figure  2; 

Figure  1B  shows  the  bottom  portion  of  the 
40  generator  shown  in  Figure  1A;  and 

Figure  2,  which  best  illustrates  the  invention, 
is  a  plan  view  in  section  through  lines  ll-ll  in  Figure 
1A. 

45  In  Figures  1A,  1B,  and  2,  an  electrochemical 
cell  generator,  such  as  a  solid  oxide  fuel  cell  gen- 
erator  1  ,  consists  of  an  outer  insulation  container  2, 
typically  made  of  0.127  cm  thick  steel,  which  en- 
closes  various  layers  of  insulation.  Insulation  3  typi- 

50  cally  consists  of  alumina  fiber  insulation  boards, 
with  an  approximate  total  insulation  thickness  of 
12.7  cm.  Smaller  alumina  fiber  insulation  boards  4 
can  be  used  where  needed,  as  well  as  alumina 
fiber  blanket  insulation.  Supporting  the  insulation 
and  surrounding  the  fuel  cell  stack  is  an  inner 
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anister  6  (also  called  an  exhaust  passage  wall) 
?hich  are  typically  made  of  0.094  cm  thick  Inconel 
-lickel-chromium  alloy).  The  generator  can  be  of  a 
sctangular  (including  square)  design  having  four 
ides  meeting  at  four  corners,  as  shown,  and  con- 
fining  a  multiplicity  of  electrically  connected  fuel 
ells. 

In  operation,  an  oxygen-containing  gas  is  ad- 
nitted  to  the  generator  through  reactant  gas  inlet  7 
/here  it  passes  to  reactant  gas  distribution  mani- 
Dld  8  then  to  reactant  gas  inlet  plenums  9.  The 
las  then  passes  through  reactant  gas  feed  tubes 
0  which  take  the  gas  into  the  multiplicity  of  tubular 
uel  cells  11.  In  Figure  1B,  a  fuel  gas  F  passes 
hrough  fuel  gas  inlet  annulus  12,  around  power 
sad  15,  and  into  fuel  gas  manifold  13.  The  gas 
nanifold,  which  is  heated  by  exhaust  gas  E  enter- 
ng  tube  18,  may  contain  an  internal  fuel  reforming 
nedium  such  as  nickel  catalyst,  making  manifold 
3  a  reforming  means.  Fuel  gas  then  passes 
hrough  fuel  gas  distribution  board  14  and  around 
he  outside  of  fuel  cells  1  1  ,  shown  in  Fig.  1  B. 

Oxygen  from  the  oxygen-containing  gas  mi- 
grates  through  the  component  walls  of  the  fuel 
;eils  1  1  where  it  reacts  with  the  fuel  gas,  generat- 
ng  heat  and  electricity.  The  electricity  is  removed 
rom  the  generator  through  electric  power  lead  15, 
and  a  lead  that  is  normally  perpendicular  to  lead  15 
jut  is  not  shown  in  Figs.  1A  or  1B.  Electrical 
connections  to  the  power  leads  are  made  through 
slectrical  bundle  connections  16  and  through  series 
connection  plate  17.  The  exhaust  gases  E  that  are 
:ormed  after  the  reaction  of  the  oxygen-containing 
gas  with  the  fuel  gas  leave  the  fuel  cell  generator 
tirough  exhaust  gas  tube  18. 

Referring  now  to  Figure  2,  it  can  be  seen  that 
there  are  four  exhaust  gas  passages  or  channels 
19,  one  at  each  corner  of  the  fuel  cell  generator. 
Because  the  exhaust  gases  are  very  hot,  the  pas- 
sage  of  the  exhaust  gases  over  the  corners  of  the 
generators  maintains  the  corners  of  the  generator 
at  a  temperature  higher  than  they  would  otherwise 
be.  The  channels  are  located  so  that  more  of  the 
heat  in  the  exhaust  gases  passes  over  the  comers 
of  the  multiplicity  of  cells  than  over  the  remainder 
of  the  sides  of  the  multiplicity  of  cells.  This  also 
reduces  the  thermal  gradient  between  the  cells  at 
the  inside  of  the  generator  and  the  cells  at  the 
periphery  of  the  generator. 

In  an  alternative  arrangement,  the  exhaust  gas- 
es  pass  over  the  entire  periphery  of  the  fuel  cell 
generator,  but  a  greater  quantity  of  exhaust  gas 
passes  over  the  comers  of  the  generator.  In  this 
way  the  cells  at  the  periphery  of  the  generator  are 
maintained  at  the  same  temperature  as  the  cells  at 
the  center  of  the  generator,  even  when  the  cells  at 
the  periphery  are  not  at  a  corner. 

Claims 

1  .  A  solid  oxide  electrochemical  cell  generator 
(1)  of  a  rectangular  design,  having  four  sides  meet- 

i  ing  at  four  corners,  and  containing  a  multiplicity  of 
electrically  connected  electrochemical  cells  (11), 
where  a  fuel  gas  is  passed  over  one  side  of  said 
cells,  an  oxygen-containing  gas  is  passed  into  said 
cells,  and  fuel  and  oxygen-containing  gas  are  reac- 

o  ted  to  form  an  exhaust  gas,  the  improvement  char- 
acterized  by  providing  channels  (19)  for  passing  at 
least  a  portion  of  said  exhaust  gas  over  the  outside 
of  the  periphery  of  said  multiplicity  of  cells  (11), 
said  channels  being  located  so  that  more  of  the 

5  heat  in  said  exhaust  gases  flows  at  the  corners  of 
said  generator  than  over  the  remainder  of  the  sides 
of  said  generator. 

2.  The  solid  oxide  generator  of  claim  1,  char- 
acterized  in  that  said  fuel  gas  is  reformed  inside 

:o  said  generator  beneath  said  multiplicity  of  elec- 
trochemical  cells,  where  said  channels  pass  into  a 
reformer  means,  whereby  heat  in  said  exhaust  gas- 
es  is  used  in  reforming  said  fuel  gas. 

3.  The  solid  oxide  generator  of  claim  1,  char- 
's  acterized  in  that  said  channels  are  cut  into  insula- 

tion  around  said  multiplicity  of  electrochemical 
cells. 

4.  The  solid  oxide  generator  of  claim  1,  char- 
acterized  in  that  said  electrochemical  cells  are  fuel 

jo  cells. 
5.  The  solid  oxide  generator  of  claim  2,  char- 

acterized  in  that  said  reformer  means  contains  re- 
forming  catalyst. 

6.  A  method  of  operating  a  solid  oxide  fuel  cell 
?5  generator  having  a  rectangular  design,  with  four 

sides  that  meet  at  corners,  and  containing  a  mul- 
tiplicity  of  electrically  connected,  tubular  solid  oxide 
fuel  cells,  where  a  fuel  gas  passes  over  one  side  of 
said  cells,  an  oxygen-containing  gas  is  passed  into 

40  said  cells,  and  fuel  and  oxygen-containing  gas  are 
reacted  to  form  an  exhaust  gas,  an  improved  meth- 
od  of  reducing  the  thermal  gradient  between  the 
cells  at  the  inside  of  said  generator  and  the  cells  at 
the  periphery  of  said  generator,  characterized  by 

45  passing  said  exhaust  gases  over  the  sides  of  said 
generator,  where  a  greater  quantity  of  said  exhaust 
gases  are  passed  over  the  corners  of  said  gener- 
ator  than  over  the  remainder  of  the  sides  of  said 
generator. 

so  7.  A  method  according  to  claim  6,  character- 
ized  in  that  the  heat  of  said  exhaust  gases  is 
distributed  over  said  sides  so  as  to  achieve  a 
uniform  temperature  along  said  sides. 

8.  A  method  according  to  claim  6,  character- 
55  ized  in  that  said  exhaust  gases  are  passed  through 

channels  in  insulation  surrounding  the  periphery  of 
said  multiplicity  of  fuel  cells. 

3 
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9.  A  method  according  to  claim  8,  character- 
ized  in  that  said  fuel  gas  is  reformed  inside  said 
generator  beneath  said  multiplicity  of  fuel  cells, 
where  said  channels  pass  into  a  reformer  means, 
whereby  heat  in  said  exhaust  gases  is  used  in  s 
reforming  said  fuel  gas. 

10.  A  method  according  to  claim  9,  character- 
ized  in  that  said  reformer  means  contains  reforming 
catalyst. 

70 

15 

20 

25 

30 

35 

40 

45 

50 

4 



EP  0  328  812  A1 

F I G . 1 A  

H G . l h J  



EP  0  328  812  A1 

F I G .   2  



Application  Number 

EP  88  30  9681 

DOCUMENTS  CONSIDERED  TO  BE  RELEVANT 

Category Citation  of  document  with  indication,  where  appropriate, 
of  relevant  passages 

Relevant 
to  claim 

CLASSIFICATION  Or  THE 
APPLICATION  qnt.  CI.  4) 

A 

A 

A 

A 

JS-A-3  718  506  (W.  FISCHER  et  al  .  ) 

PATENT  ABSTRACTS  OF  JAPAN,  vol.  12,  no. 
17  (E -574) [2864] ,   19th  January  1988;  & 
JP-A-62  176  066  (MITSUBISHI  HEAVY  IND. 
LTD)  01 -08 -1987  

EP-A-0  191  229  (WESTINGH0USE  ELECTRIC 
CORP.) 

EP-A-0  181  680  (WESTINGHOUSE  ELECTRIC 
CORP.) 

H  01  M  8 / 0 0  
H  01  M  8 / 0 6  
H  01  M  8 / 1 2  

TECHNICAL  FIELDS 
SEARCHED  (Int.  CI.4) 

H  01  M 

The  present  search  report  has  been  drawn  up  for  all  claims 
Place  of  search 

THE  HAGUE 
Date  of  completion  of  the  search 
31 -01 -1989  

Jixaminer 
D'HONDT  J.W. 

CATEGORY  OF  CITED  DOCUMENTS 
X  :  particularly  relevant  if  taken  alone 
Y  :  particularly  relevant  if  combined  with  another 

document  of  the  same  category 
A  :  technological  background 
O  :  non-written  disclosure 
P  :  intermediate  document 

T  :  theory  or  principle  underlying  the  invention 
E  :  earlier  patent  document,  but  published  on,  or 

after  the  filing  date 
D  :  document  cited  in  the  application 
L  :  document  cited  for  other  reasons 
&  : member  of  the  same  patent  family,  corresponding 

document 


	bibliography
	description
	claims
	drawings
	search report

