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Thermal Stress of Solid Oxide Fuel Cell with Gradient Porosity Anode
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Abstract: Gradient anode is an effective way to improve the electrical performance of anode-supported solid oxide fuel cell (SOFC).
However, the porosity is closely related to the thermomechanical properties and thermal stress distribution of the anode. It is thus
important to investigate the comprehensive effect of porosity on the thermal stress and electrical performance of SOFC. A single
planar SOFC model considering various porosity-dependent properties of the materials was proposed via multi-physics coupling
based on the COMSOL Multiphysics simulation platform. The electrochemical performance and thermal stress distribution of the
SOFC with a gradient—porosity-anode design at working stage were investigated. The results show that the gradient porosity-anode
design effectively improves the thermomechanical matching of the positive—electrolyte—negative structure, while maintains the high
electrochemical performance of the SOFC. Compared with the usual uniform porosity anode designed SOFC with a porosity of 0.4,
the output power of SOFC is increased by 3.5%, while the maximum first principal stress of the electrolyte is reduced by 68.5%. The
results of this study provide the theoretical and data supports for optimizing anode structure design of SOFC.
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Fig. 1 Geometric model of single planar solid oxide fuel cell
(SOFC)
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Table 1 Geometric model parameters of planar SOFC!™!

Parameter Value/mm Description
L 100.00 Length of the SOFC model
w 1.25 Width of the SOFC model
H 3.15 Height of the SOFC model
Dast 0.45 Thickness of anode support layer
haif1 0.05 Thickness of anode functional layer 1
haig2 0.05 Thickness of anode functional layer 2
he 0.05 Thickness of cathode electrode
he 0.01 Thickness of electrolyte
Nen 1.00 Height of gas channel
Weh 1.00 Width of gas channel
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Table 2 Governing equations
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Table 3 Physical parameters of SOFC component materials®™

Cell component E/GPa v ax10K™!
Cathode 30 0.30 11.4
Electrolyte 205 0.30 10.3
Interconnect 205 0.28 12.3
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Table 4 Properties of anode material with varied porosity”*>!!

&% E,/GPa 0, 0 x10%/K !
10 133.4 0.316 102
20 104.5 0.304 11.4
30 81.8 0.295 123
40 63.4 0.286 16.2

£1s porosity.
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Table 5 Cases investigated

&

Casel Case2 Case3 Case4

Cell component

Anode support layer 0.2 0.3 0.4 0.4
Anode functional layer 1 0.2 0.3 0.4 0.3
Anode functional layer 2 0.2 0.3 0.4 0.2
Cathode electrode 0.4 0.4 0.4 0.4
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