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Abstract >> In this study, the operation characteristics of the internal reforming
type molten carbonate fuel cell (MCFC) were studied using computational fluid
dynamics (CFD) analysis according to the steam to carbon ratio (S/C ratio), oper-
ating temperature, and gas utilization. From the simulation results, the dis-
tribution of gas composition due to the electrochemical reaction and the reform-
ing reaction was predicted. The internal reforming type showed a lower temper-
ature difference than the external reforming type MCFC. As the operating tem-
perature decreased, less hydrogen was produced and the performance of the
fuel cell also decreased. As the gas utilization rate decreased, more gas was in-
jected into the same reaction area, and thus the performance of the fuel cell
increased.

Key words : Molten carbonate fuel cell(£§ Et A 1 8 M X|), Computational fluid
dynamics(H At § X @5}, S/C ratio (S/C H| &), Operating temperature
(&5 2), Gas utilization(7t A 0| 2 &)
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Fig. 1. Schematic of molten carbonate fuel cell
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Table 1. Parameters of methane steam reforming

Reaction rate constant A; E; (kJ/mol)
ki 4.225 10" 240.1
ko 1.955 % 10° 67.13
ks 1.020 <10 243.9
Equilibrium constant B; AH; (kJ/mol)
kco 8.23x107° -70.61
ki 6.12x107° -82.90
Kcha 6.65x10"* -38.28
Kno 1.77x10° 88.68
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Table 2. Thermal properties of the anode and the cathodeg)

Properties Anode (Ni-Cr) | Cathode (NiO)

Density 8,220 (kg/m’) | 6,794 (kg/m®)

Heat capacity 444 (J/molK) 443 (J/molK)
Thermal conductivity 78 (W/mK) 5.5 (W/mK)

Table 3. Simulation condition according to S/C ratio, gas uti-
lization and operating temperature

Variable Specification
Cell size (cm) 10x10
Flow channel height
2.4
(mm)
Electrode height (mm) 0.7
S/ C'ratio
Internal =234
reforming | CO: CO,: H,

Fuel gas composition =0.05: 0.05: 0.05

External
reforming

H,: CO,: H,0
=0.72: 0.18: 0.1

0,: CO, = 0.33: 0.67

Oxidant gas composition (Air: CO, = 0.7: 0.3)
: CO,=0.7: 0.

Gas utilization 40%/60%/80% at 150 (mA/cmz)

Operating temperature 580C/620°C/650C
Operating pressure 1 (atm)
Flow type Co-flow
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Fig. 3. Schematic of the unit cell for CFD
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Table 4. Mixture gas flow rate according to gas utilization

Gas utilization Anode Cathode
40% 219107 % (m*/s) | 4.84 %1075 (m?/s)
60% 1.46 <107 ° (m®/s) | 3.23 107 (m?/s)
80% 1.10x107° (m*/s) | 2.42<107° (m*/s)
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