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Abstract >> This study performed the numerical analysis of the internal flow phe-
nomena of 1 kWe-class solid oxide fuel cell (SOFC) stacks with internal manifold
type and planar cells using commercial computational fluid dynamics (CFD) soft-
ware, Star-CCM+. In particular, the locations where the turbulent phenomena oc-
cur inside the SOFC stack were investigated. In addition, the laminar flow model
and the standard k- € turbulent model were used to calculate the SOFC stack,
separately. And, the calculation results of both laminar and turbulent models
were compared. The calculation results showed that turbulent phenomena oc-
curred mainly in the cathode flow. Especially, the turbulent phenomena were
found in the cathode inlet/outlet region, and local turbulence occurred in the
end plate near the inlet pipe.

Key words : Solid oxide fuel cell(ZL X M3} S %1 8 M X|), Stack(A EH), Laminar flow(S
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Fig. 2. Models used in the analysis. (a) Cathode, (b) anode

Table 1. Design parameters of 1 kWe SOFC stack

Variable Value
Number of cells 40
Active area (mm’) 100x100
Anode manifold size (mm) 5
Cathode manifold size (mm) 5

Anode inlet/outlet pipe hydraulic diameter (mm) 17.05

Cathode inlet/outlet pipe hydraulic diameter (mm) 23.40

Length of anode inlet pipe (mm) 50
Length of cathode inlet pipe (mm) 50

Anode gas channel height (mm) 0.4
Cathode gas channel height (mm) 0.74
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Fig. 3. Mesh generation for numerical analysis. (a) Cathode
fluid domain, (b) anode fluid domain
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Table 2. Boundary conditions for mass flow inlet

Stack average current (I) 20 A
Fuel utilization (Uy) 80%
Oxygen utilization (U,) 30%
Molar fraction of oxygen in air (Xo2) 0.21
Air density at 750°C 0.3455 kg/m’
Air viscosity at 750C 431E-5Pas
Hydrogen density at 750°C 0.137 kg/m’
Hydrogen viscosity at 750C 3.01E-5 Pa's
Molecular weight of air (Mair) 29
Molecular weight of hydrogen (M) 2
Fuel inlet mass flow rate (kg/s) 1.036E-5
Air inlet mass flow rate (kg/s) 9.542E-4

Pressure (mbar)

Pressure {(mbar)

1013.250 1350 1013.250 1013584
(a) (b)

Fig. 4. Pressure contours on the anode side. (a) Laminar mod-

el, (b) k-& turbulent model
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