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Abstract: A multiphysics-coupling model of solid oxide fuel cell (SOFC) was proposed via a software named COMSOL
Multiphysics for the establishment of coupled fields of electrochemical-gas, flow-matter and transfer-temperature. The
inhomogeneous temperature distribution obtained from the numerical analysis was applied to the corresponding model build by
ABAQUS as a thermal load, and the creep damage subroutine developed based on the Wen—Tu creep ductile depletion model was
used to analyze the creep damage of SOFC. The creep damage behavior of SOFC was investigated and the creep crack propagation
was predicted. The results show that the creep deformation and damage of SOFC components firstly increase and then remain
unchanged. The lower connector is the first to reach the critical damage value, which is the potential dangerous area and is the most
likely to failure. After 50 000 h, two creep damages occur in SOFC. The maximum crack is 1.6 mm as the non-penetrating crack that
occurs at the junction of 1.1 mm in the air inlet of the lower connector and the cathode material. Compared with the overall structure
size, the smaller crack will not cause gas leakage, thus meeting the requirement of commercial safe operation for 40 000 h.

Keywords: solid oxide fuel cell; uniform temperature field; creep and damage; crack propagation
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Fig. 1 Geometric model of single solid oxide fuel cell (SOFC)
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Table 1 Creep parameters

Component B/(MPa"h™") n &

Anode 2.64x107" 1.7 0.02
Electrolyte 1.18x107'¢ 1.0 0.02
Cathode 1.27x107" 1.7 0.02
Connector 3.62x107" 6.0 0.60

B and n are the creep constants of materials; & is uniaxial creep rupture

strain.
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Table 2 Properties of materials in SOFC

7/°C Anode(NiO-YSZ) Electrolyte(YSZ) Cathode(LSM) Connector(Crofer 22 APU)

E/GPa  ax10%C"' v E/GPa ox10%C" v E/GPa  ax10%C"' v E/GPa  ax10%°C™" v o0/MPa
20 108.0 11.70 03 200.0 7.6 0.31 41.0 9.80 028  214.0 9.7 029  291.0
200 108.0 12.31 0.3 180.0 8.2 0.31 42.4 10.20 028 2100 10.3 029 2310
400 115.0 12.41 0.3 165.0 8.8 0.31 43.8 10.60 028  184.0 10.8 029 2250
600 106.8 12.41 0.3 160.8 9.6 0.31 452 11.00 028  162.0 11.4 029 2010
800 103.3 12.41 03 157.3 10.0 0.31 46.6 11.40 028  44.0 11.9 0.29 44.0

NiO-YSZ is nickel oxide-yttria stabilized zirconia; YSZ is yttria stabilized zirconia; LSM is strontium doped lanthanum manganite; 7 is temperature; E is elastic

modulus; v is Poisson's ratio; a is coefficient of thermal expansion; oy is yield strength of material.
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