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ABSTRACT

For the performance prediction of a planar-type solid oxide fuel cell, the computational analysis of transport phenomena with a
simplified treatment of heat generation by the electrochemical reaction is conducted. From the result of the computational analysis,
it is shown that the electrochemical reaction is closely related to the transport phenomena inside a solid oxide fuel cell. Transport
phenomena including heat and mass transfer influences on the distribution of local current density and, as a result, on the performance
characteristics of the fuel cell. Computational analysis is also extended to the parametric study to investigate the performance behavior
of the fuel cell with different amount of supplied fuel flow rates. It is also demonstrated that the mathematical formulation and
computational procedures proposed in this study can be applied to prove the importance of the specific TPB area in the manufacturing

process of electrodes in solid oxide fuel cells.
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Fig. 1. Schematics of a planar-type solid oxide fuel cell stack.
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Fig. 2. Reference unit cell and computional domain.

Table 1. Dimensions and Material Characteristics of Components

of the Reference Unit Cell
Part name Dimension (mm) Material
Hj 20
Interconnector (Anode) H;, 1.0 LaCrO;
Wi 2.0
Anode 8, 0.1 Li/YSZ
Electrolyte S, 0.1 YSZ
Cathode S, 0.15 LSM/YSZ
H,. 1.0
Interconnector (Cathode ) H,; 2.0 LaCrO;
Wi 2.0
Fuel flow channel (Anode) M, Lo N/A
W, 1.0
i H,. 1.0
Air flow channel (Cathode) N/A
W, 1.0
AL S S8 A7 2E Zold 1990, £ W
1270, =o] ¥ 697folm, A FAq A <] ZJX} =

164,772¢ a2},
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Table 2. Inlet Conditions of Flow Channels of the Reference

Unit Cell
Channel Values
Flow rate 1000 m’/s
Fuel flow channel Temperature 923K
Mass fraction 0.7 (Hy), 0.3 (H,0)
Flow rate 3000 m’/s
Air flow channel Temperature 923K

Mass fraction  0.233 (O,), 0.767 (N,)
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Fig. 5. Temperature distributions in solid parts of the reference
unit cell at various cross-sections along the longitudinal

direction.
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