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Investigation of a Thermal Stress for the Unit Cell of a Solid Oxide Fuel Cell
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Abstract: Thermal stress analysis of a planar anode-supported SOFC considering electrochemical reactions
has been performed under operating conditions where average current density varies from 0 to 2000 A/m’.
For the case of the 2000 A/m’ operating condition, Structural stress analysis based on the temperature
distributions obtained from the CFD analysis of the unit cell has also been done. From this one way
Fluid-Structure Interaction(FSI) analysis, Maximum Von-Mises stress under negligible temperature gradient
fields occurs when cell components are perfectly bonded. The maximum stress of the electrolyte, cathode
and anode in a unit cell SOFC is 262.58MPa, 28.55MPa and 15.1MPa respectively. The maximum thermal
stress is critically dependent on static friction coefficient.

Key words: Planar SOFC, CFD, Temperature distribution, Thermal stress
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Figure 2: Electric  Circuit Model for charge

conservation in active reaction layer

Table 1: Parameters for the calculations of SOFC
Unit Cell

Parameter Value

Geometric parameters

Anode channel thickness 2 mm
Cathode channel thickness 2mm
Anode electrode thickness 1.4 mm
Electrolyte 0.02 mm
Cathode electrode thickness 0.03 mm
Operating parameters

Active area 0.0081 m?
Operating current density 2000 A/m?
Fuel Utilization 46.7 %
Oxidant Utilization 20 %

Input parameters

Inlet mass flow rate

Anode 4.636e7 kg/s

Cathode 2.833e%kg/s
Inlet temperature

Anode 800°C

Cathode 800°C
Anode Inlet components

H; 97 %

H:0 3%
Cathode Inlet components

(o} 21%

Nz 79%
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Table 2: SOFC Material Properties
thermal expansion Young's
coefficient(1/C) modulus (GPa)
Cathode 1.20x107° 50
Electrolyte 1.05x107° 145
Anode 1.25x107° 87.5
Separator 1.70 X 107° 193
dsgade] 7 %Q Ag Q1 AH(uncertain

parameters)3 3ttt A W EHE 7ho] ZEHo)
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Figure 3: Perfornance curve for the SOFC unit cell.
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Figure 4: Calculation results for the SOFC unit cell.
Average current density = 2000 A/, Fuel Utilization =
46.7%, Oxidant Utilization = 20% ; (a) H. mole fraction
(b) O, mole fraction (¢) Temperature (d) Current density
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