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Study on the Output Electrical Characteristics and Internal Multi-Physics
Field Distribution Simulation of Methane/Methanol Solid Oxide Fuel Cells
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Abstract: To reveal the interplay of various internal multi-physics fields within solid oxide fuel
cells (SOFCs) fueled by different types of fuels, a multi-field coupled three-dimensional planar
SOFC single-cell model is established and validated. A comparative analysis is conducted to
explore the variations in steady-state performance of SOFCs fueled by hydrogen, methane, and
methanol. The distribution characteristics of temperature fields, concentration fields inside the
cell, and the carbon deposition characteristics of hydrocarbon fuels in the cell are obtained. The
results show that the pre-reforming of methane fuel can effectively improve the cell’s discharge
capacity, with a 20% increase in pre-reforming degree leading to an 8% increase in the cell’s
maximum output power. In comparison to methane, the impact of pre-reforming methanol fuel on
the cell’s output power is relatively small. The use of methane fuel can mitigate the risk of cell

damage due to excessive temperature gradients, with the maximum temperature gradient at the
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anode-gas flow channel interface reduced to 10 K/cm, as opposed to 22 K/cm when using

hydrogen as fuel. This paper also unveils the distribution characteristics of carbon deposition

rates inside the cell at different voltages. Lowering the operating voltage increases the carbon

deposition rate inside the cell, with the carbon deposition rate for methane fuel at U=0.5 V being

more than double that at U=0.9 V. Selecting methanol as the fuel for SOFCs poses a lower risk

of internal carbon deposition compared to methane as the fuel.

Keywords: solid oxide fuel cell; methane; methanol; carbon deposition
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Fig. 1 Schematic diagram of SOFC geometric model
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Table 1 Geometric parameters of the simulation domain
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Table 4 Mole fractions of different fuels and inlet fuel flow

4

in different research cases
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Fig. 2 Steady-state performance verification results

of the established SOFC model
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