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Abstract—A mathematical model is proposed to simulate the effect of variables on cell performances of
molten carbonate unit fuel cell at the constant temperature. Values of the total cell resistance calculated
with twice of the Arrhenius constant in the equation of anode resistance, presented in the reference, agreed
well with experimental data. On the basis of these results, numerical calculations of the effects of current
density, the gas utilization(i.e. flow rate), gas compositions, and cell temperature on the cell performances
were compared with experimental data[1]. At the constant temperature, numerical calculations of the effects
of operating variables on the cell performances, such as voltage and power, were agreed well with experimen-
tal data.
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Table 1. Dimensions of the fuel cell used in the numerical

analysis

Length (L) 10 ¢cm

Width W) 10 cm

Thickness:
separate plate 0.2 cm
gas channel 0.2 cm
anode electrode 0.07 cm
electrolyte plate 0.1 cm
cathode electrode 0.06 cm

Table 2. Flow rates and compositions of anode and ca-
thode gases at reference conditions

Flow rates(¢, cm?/hr)

Compositions

anode gas 24000 H, 0.8
CO, 0.2

cathode gas 24000 0, 0.33
CO, 0.67
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Table 3. Equilibrium compositions in the fuel cell calcula-
ted with equilibrium constants and the reversible
potentials at different temperatures[6]

Temperature[ K]

Parameters

800 900 1000
K.,* 0.2474 0.4538 0.7273
Py** 0.669 0.649 0.634
Pp,** 0.088 0.068 0.053
Pcos 0.106 0.126 0.141
Puyo 0.137 0.157 0.172
E[V]*** 1.155 1.143 1.133

*Equilibrium constant(K,,) for water-gas shift reaction.
**Platm] is the equilibrium partial pressure from the
water-gas shift reaction when the inlet gas composition
is 77.5% H,/194% CO0,/3.1% H,0 at 1 atm.

***Cell potential calculated using Nernst equation when
the cathode gas composition is 30% 0,/60% CO./10%
NQ.
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Fig. 1. Changes of the voltage with the current density
at different Arrhenius constants(A,=0.4567x 1077
[£2 em?]) of Eq. (11).
—, ---, -*-+-, numerical calculations; @, experimen-
tal datal1].
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Fig. 2. Changes of the voltage with the hydrogen utiliza-
tion at different Arrhenius constants(A,=0.4567 X
1077 [Q cm?]) of Eq. (11).
—, ---, -=---, numerical calculations; @, experimen-
tal datal1].
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Fig. 6. Changes of the average anode resistance with the
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A, :Arrhenius constant
E  :open-circuit voltage [V]
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F  :Faraday’s constant, 96501 C/equiv., 26.8 A-hr
/mol

L :anodic current density, (>0) [mA/cm?]

i : cathodic current density, (<0) [mA/cm?]

L :length of the fuel cell [cm]

n : number of electrons transferred

P :pressure [atm]

R :gas constant, 82.06 cm®-atm/gmole-k, 8314 ]
/gmol-k

Row : ohmic cell resistance []

T  :temperature [k]

V  :cell operating potential [V]

Vv :equilibrium potential at the anode [V]

V.v :equilibrium potential at the cathode [V]

V., :standard anode potential [V]

V. :standard cathode potential [V]

W :width of the fuel cell [cm]

X;  :mole fraction of the gas component i

X : distance in the direction of anode gas flow
[em]

y : distance in the direction of cathode gas flow
[cm)

Z : effective cell resistance [-cm?]

agjola 2Xt

M. :anodic overpotential (<0), [V]

n. :cathodic overpotential (>0), [V]

A : conversion of hydrogen

n : conversion of carbon dioxide

) : total flow rate of gas [cm®/hr]

SFH X}

a : anode

c : cathode

487

H  :hydrogen
i : arbitrary component
O  :oxygen
0 :value at the reference conditions
W water
¥
[ :value at the entrance
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