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Methods of calculating and measur ing  the t empera tu re  fields of fuel cells are  analyzed, in 
o rde r  to determine the maximum allowable t empera tu re - l imi t ed  e lec t r ic  loading. 

During the evolution f rom e lec t rodes  to fuel cells and, especial ly,  f rom cells to e lec t rochemica l  
genera to rs ,  there a rose  problems in distr ibuting the gas flow, in dissipating the excess  heat, in disposing 
of the react ion products ,  as well as of the accumulated  iner t  gases ,  etc. Here the authors  consider  only 
the effect of thermal  conditions on the cha rac t e r i s t i c s  of fuel cel ls .  A drop in the operat ing tempera ture  
of hydrogen-oxygen  fuel cells resu l t s  in a lower del ivered power,  while a r i se  in the operat ing t empera -  
ture resu l t s  in the impai rment  of such a cell.  Thus, an efficient and t rouble- f ree  operation of an e l ec t ro -  
chemical  genera tor  requ i res  a solution to the problem of thermosta t iz ing  the device within nar row l imits .  

In this study we consider  fuel cells f rom which the excess  heat is removed by a coolant, namely by a 
heat  c a r r i e r  which feeds into special  heat exchangers  built into the fuel ceils,  also by evaporat ion of water  
f rom the surfaee of the e lec t rodes ,  and by cooling of the passages  for  the vapo r -hyd rogen  mixture to a 
lower t empera ture .  

We will cons ider  an approximate method of calculating the tempera ture  field, which is based on a 
substantial  s implif ication of the p r o c e s s e s  occur r ing  in fuel cel ls .  We assume that the heat sources  gene- 
ra ted by the e lec t rochemica l  react ion and the heat sinks generated by evaporat ion and by cooling with the 
v a p o r - h y d r o g e n  mixture are  uniformly distr ibuted over  the surface  of the e lec t rodes ,  while the coolant 
t empera tu re  remains  the same between entrance to and exit f rom the fuel cell.  Under the said a s sump-  
tions, with negligible heat leakage f rom the end sur faces ,  the thermal  conditions in a fuel cell can be 
t reated as a one-dimensional  problem of heat conduction in a mul t i layer  sys tem consist ing of infinitely 
large plates with the heat sources  distr ibuted over  the in terfaces  between them and with boundary condi-  
tions of the third kind. 

Express ing  the s teady-s ta te  t empera tu re  profi le  a c ro s s  the thickness of the i - th  l ayer  in t e rms  of 
the thermal  flux pass ing through that layer ,  with the thermal  fluxes re la ted to the coolant t empera ture  at  
the boundaries  and to the power of the heat sources  
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we can, r e g a r d l e s s  of the number  of l ayers ,  de termine the thermal  fluxes and thus the t empera tu res  in 
them: 
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Fig. 2 

Fig. 1. Calcula ted  and m e a s u r e d  t e m p e r a t u r e  prof i le  a c r o s s  the 
th ickness  of a fuel cel l .  

Fig.  2. T e m p e r a t u r e  d is t r ibut ion (t, ~ ove r  the e lec t rode  su r face  
(/, mm)  in the tes t  cell:  1) ca lcula ted  values ;  2) tes t  values;  3) tes t  
values  with pa r t i a l ly  dra ined  e lec t ro ly te ;  dashed line indicates the 
e lec t ro ly te  level .  

3 n - - !  

--paRt-i-R3p.,_-i--~__]PIR4-l-...-P ~ p,R,, -!- (t;,.o-- t'~/o) 
i ~ 2  i ~ 2  

q~ n 

i : l  
s 

�9 . . . .  . . . . . .  ~ . o . , . . . . .  . . . . . . . .  o . . . .  . 

1 2 n - - 2  n - - !  

- IZ  p,R,- Z t: a) 
~=, ~=, ~=1 ~=.- ,  (2) 

%"R. 

n 2 n - - |  

- -  Z p,R, ~ ~ p.,.R, - - . . . - -  Z p,,_aR, q-(t;/a--t;/~) 
i = 1  i = 1  i = I  

q ,  := ,, �9 

i = l  

Let  us calcula te  the t e m p e r a t u r e  f ields of a fuel cell  containing three  pa i r s  of e l ec t rodes  with i n t e r -  
l a y e r s  of e lec t ro ly te  and of gas  and with one heat  exchanger  at  each edge (Fig. 1). The the rma l  r e s i s t a n c e s  
of the gas i n t e r l a y e r s  a re  at  l e a s t  by one o r d e r  of magnitude higher  than the t he rma l  r e s i s t a n c e s  of the 
e l ec t rodes  and of the e l ec t ro ly te  i n t e r l a y e r s ,  which al lows us  to d i s r e g a r d  the l a t t e r  and thus to g rea t ly  
s impl i fy  the s y s t e m  of equations (2). The superhea t  in the l a y e r s  is conveniently r e p r e s e n t e d  by the ra t io  
At /p ,  i . e . ,  in a f o r m  independent of the opera t ing  mode of the cell .  The r e su l t s  of our calculat ions a re  
shown in Fig.  1 (solid l ines) .  

The heat  sou rces  in a r e a l  fuel cel l  a r e  d is t r ibuted  nonuniformly over  the su r face  of the e l ec t rodes ,  
because  ine r t  impur i t i e s  in the reagen t s  and gas  bubbles in the e l ec t ro ly te  accumula te  on pa r t  of that s u r -  
face ,  because  the evapora t ion  and the r e m o v a l  of hea t  by the v a p o r - g a s  mix tu re  a r e  a lso  nonuniform, etc .  
The actual  t e m p e r a t u r e s  will,  t he re fo re ,  d i f fer  apprec iab ly  f r o m  those ca lcula ted  by the given method,  
and an expe r imen ta l  study of fuel cell  opera t ion  b e c o m e s  espec ia l ly  impor tan t .  

In a spec ia l ly  buil t  fuel cel l  cons is t ing  of one e lec t rode  pa i r  with l a t e ra l  heat  exchangers ,  the t e m -  
p e r a t u r e  field was m e a s u r e d  on the su r face  of the e l ec t rodes  under  conditions of e l ec t r i c  loading and cool-  
ant flow, with the rmoeoup les  welded to the e l ec t rodes  by a spec ia l  technique. The t e m p e r a t u r e  read ings  
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Fig. 3. Maximum superheat 
power (Q, W) in the fuel cell: 
conditions. 
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(At, ~  a function of the thermal  
1) unfavorable conditions; 2) favorable 

Fig. 4. Nomogram for establishing limits for thermal conditions 
under electrical loading of fuel cells: 1) At = 10~ 2) 15; 3) 20; 
4) 25; 5) 30; 6) 35; 7) 40. 

are  compared  in Fig. 2 with calculations made according  to formulas  (2) for  severa l  operat ing modes.  It 
is to be noted that the average  test  values of At agree  with the calculat ions.  The spread of the test  values 
is quite wide, however,  and some regular i ty  (a t empera tu re  decrease  toward the per iphery ,  because of 
la tera l  heat leakage) is accompanied by tempera tu re  fluctuations due to the said random effects such as,  
for example, the presence  of large gas bubbles in the e lec t ro ly te .  It may be expected that the cu r ren t  
generat ing react ion te rmina tes  in the bubble region, while the remaining surface  becomes  heavier  loaded. 
This effect can be modulated by lowering the level of e lect rolyte  in the cell. The tempera ture  field shown 
in Fig. 2 conf i rms this hypothesis .  

The problem of determining the maximum tempera ture  deviation f rom the design level in fuel ceils 
was solved on a special  apparatus where the operat ing conditions of a single fuel cell were duplicated in a 
genera tor  setup with tempera ture  probes  in the gas in te r l ayers ,  with ins t ruments  for measur ing  the flow 
ra tes  of reagents ,  coolant, drain water ,  and ins t ruments  for measur ing  the e lec t r ica l  p a r a m e t e r s ,  etc. 
The heat balance and the value of p were determined on the bas is  of exper iments .  The test  data pertaining 
to tempera ture  fields under var ious  operat ing modes of the fuel cell a re  given in Fig. i in t e rms  of the 
At /p  rat io.  A compar i son  between averaged  test  data and calculated values indicates a general  agreement  
between both, but also a spread  comparable  to the mean values.  For  prac t ica l  purposes ,  therefore ,  it is 
des i rable  to determine how the tempera ture  field depends on the operat ing p a r a m e t e r s  with only the p r e -  
dominant fac tors  taken into account. Accordingly,  the authors  selected the maximum superheat  At m (the 
difference between coolant exit t empera ture  and maximum tempera ture  inside the fuel cell) as a function of 
the thermal  power of the fuel cell Q, this power being found f rom the e lec t r ica l  power and the efficiency. 

F r o m  var ious  tes ts  at the same value of Q and different values of the other  p a r a m e t e r s  one can find 
the values of At m and plot the relat ion At m = f{Q) in the form of an allowable zone (Fig. 3) whose upper  
boundary line r e f e r s  to the concur rence  of unfavorable fac tors  affecting the tempera ture  r i se .  Thus, the 
upper  boundary of this zone can be used for establ ishing the maximum allowable heat generat ion in a fuel 
cell and, therefore ,  also the t roublefree  modes of operation,  if the maximum allowable tempera ture  of the 
fuel cell  is specified on the bas is  of any given considerat ions .  This t empera ture  may be stipulated, for  
example,  by the requi rement  that the s t ruc tura l  ma te r i a l s  do not break  down or  that the e lec t ro ly tes  do 
not come to boiling. 

Since the same amount of heat can be genera ted  at var ious  values of cu r ren t  and voltage, hence it is 
convenient to r ep resen t  the relat ion At m = f(Q) in the form of a nomogram on which both the superheat  
values and the v o l t - a m p e r e  cha rac te r i s t i c  of the fuel cell  have been plotted (Fig. 4). Knowing the maxi -  
mum allowable superheat ,  one can find the point on the v o l t - a m p e r e  curve above which the load must  not 
be increased  on account of excess ive  heat generat ion.  
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In the development  Of new cel ls ,  when it  is n e c e s s a r y  to employ design methods,  such a f o r m  of the 
At m = f(Q) re la t ion  b e c o m e s  useful ,  a f t e r  p has been  de te rmined  as the d i f ference  between Q and the hea t  
d i ss ipa ted  by evapora t ion  and cooling with the v a p o r - g a s  mix ture ,  and a f t e r  At m has been found by solving 
the s y s t e m  of equations (2}. 

N O T A T I O N  

At i is the t e m p e r a t u r e  d i f ference  a c r o s s  the i - th  l aye r ;  
1~ i is the t h e r m a l  r e s i s t a n c e  of the i - th  l aye r ;  
Pi is the t he rma l  power  genera ted  at  the in te r face  between the i - th  aud the (i + 1)-th l aye r ;  
Q is the t he rma l  power  in the fuel cel l ;  
qi is the t he rma l  flux in the i - th  l aye r .  
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