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Thermomechanical Behavior of Planar Solid Oxide Fuel Cell
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Abstract: A single planar solid oxide fuel cell model considering various temperature-dependent physical and chemical properties of
the materials was proposed via multi-physics coupling based on the COMSOL multiphysics simulation platform. The effects of
residual stress and nickel volume fraction in the anode material on the internal thermal stress of the fuel cell were investigated. The
results show that the existence of residual stress increases the maximum tensile and compressive stresses of the electrolyte and the
cathode electrode under working conditions, reduces the maximum tensile stress of the anode electrode and increases its maximum
compressive stress. The increase in the volume fraction of nickel in the anode electrode firstly decreases and then increases the
maximum tensile stress of each component of the SOFC. The optimal percentage of nickel volume fraction in the anode electrode is
40%—60%.
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Table 1 Parameters of geometric model

Parameter Value/mm Description

L 100.00 Length of the SOFC model

w 2.50 Width of the SOFC model

H 3.15 Thickness of the SOFC model
ha 0.55 Thickness of anode electrode
he 0.05 Thickness of cathode electrode
he 0.01 Thickness of electrolyte

hch 1.00 Thickness of gas channel

wch 2.00 Width of gas channel
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Table 2 Material properties of SOFC

Materials 7°C  E/GPa  w%  ax10°%"  p/(kgm™)
YSZ 20 215 30.8 7.6

6040
YSz 800 185 313 10.5
LSM 20 110 36.0 9.8 6570
LSM 800 118 36.0 11.8 6570
NiO 20 110 34.0 13.0 6670
Ni 800 171 313 16.9 8900

E—Elastic modulus; u—Poisson ratio.
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