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Numerical Studies of a Separator for Stack Temperature
Control in @ Molten Carbonate Fuel Cell
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ABSTRACT

The use of a separator to control stack temperature in a molten carbonate fuel cell was studied by
numerical simulation using a computational fluid dynamics code. The stack model assumed steady-state and
constant-load operation of a co-flow stack with an external reformer at atmospheric pressure. Representing
a conventional cell type, separators with two flow paths, one each for the anode and cathode gas, were simulated
under conditions in which the cathode gas was composed of either air and carbon dioxide (case I) or oxygen
and carbon dioxide (case II). The results showed that the average cell potential in case II was higher than
that in case I due to the higher partial pressures of oxygen and carbon dioxide in the cathode gas. This result
indicates that the amount of heat released during the electrochemical reactions was less for case II than for
case I under the same load. However, simulated results showed that the maximum stack temperature in case
I was lower than that in case II due to a reduction in the total flow rate of the cathode gas. To control the
stack temperature and retain a high cell potential, we proposed the use of a separator with three flow paths
(case III); two flow paths for the electrodes and a path in the center of the separator for the flow of nitrogen
for cooling. The simulated results for case III showed that the average cell potential was similar to that in
case II, indicating that the amount of heat released in the stack was similar to that in case II, and that the
maximum stack temperature was the lowest of the three cases due to the nitrogen gas flow in the center of
the separator. In summary, the simulated results showed that the use of a separator with three flow paths enabled
temperature control in a co-flow stack with an external reformer at atmospheric pressure.

KEY WORDS : Separator(:* 2] ), Computational fluid dynamics(Z 2t & 8}), Molten carbonate fuel
cell(&-§ & AxHA)
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Nomenclature Greek letters
: molar concentration (mol-m’3) & . gas channel height (m)
: molar heat capacity or specific heat capacity » : impedance for electrode overpotential (Q-m?)
(J-mol'K" or J-kg'lK'l) U viscosity (kg-m'ls'l)
: equilibrium cell potential (V) p : density (kg-m’3)
: standard cell potential (V)
. Faraday’s constant (96487 C-eqv.”) Subscripts
: stack height (m)
- enthalpy change of reaction (J-mol™) a : anode electrode in MCFC
- current density (mA-cm” or A m™) ¢ : cathode electrode in MCFC
: chemical equilibrium constant for the water cell : MCFC cell package (electrodes + electrolyte
gas-shift reaction in matrix)
. thermal conductivity (W-m K™ S ¢ fuel in the anode
. permeability constant (m’) ox : oxidant in the cathode
: cell length (m) J  t species index
: mass fraction of species j
: number of species in a gas mixture 1. M =
. total pressure (N-m”) ) =
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: gas utilization I T, o] §geE o]4fe] LRIt FAHE W
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Fig. 1 Schematic diagram of fuel cell stack model for the
separator; (a) with two flow paths and (b) with three flow
paths
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Table 1 Numerical simulation parameters for the MCFC stack
model

Parameter Value

Cell length 60 cm

Cell thickness (anodetmatrix+cathode) 2.5 mm

Gas channel thickness 1.0 mm

Separator plate thickness 5.0 mm

End plate thickness 12 cm

Total number of cells 50

Number of total axial computation 30

Number of total vertical computation 87

Maximum sweep number 10,000

Average computation time for sweep 082 s

Gas channel porosity 0.5

Anode gas composition (H,/CO,/H,0) 68/18/14

Qun = (— AH; go)r; =1V an

AH; o =—(240506+7.38357) (J » mol ')
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Fig. 2 (a) Axial temperature profiles calculated from the numerical
simulations of Case I at different cathode gas utilizations; (b)
the maximum stack temperature and average cell voltage versus
cathode gas utilization
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Cathode 0.01 0.33 0.66 451 226 150 113
Case III
Cooling 1.00 - - 601 300 201 150
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Fig. 5 Schematic view of a separator with three flow paths
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