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Numerical Analysis on the Flow Distribution in a 1 kWe SOFC Stack of
Internal Manifolds According to the Variation of Manifold Sizes
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kimyj@hnu.kr Abstract >> In this study, we performed numerical analysis for 1 kWe SOFC stack

of internal manifold types according to the different manifold sizes to verify the

Rec.eived 22 December, 2021 influence of the flow uniformity into each cell. To simulate the flow phenomena
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Accepted 27 January, 2022 in the stack, the continuity and momentum conservation equations including the
standard k- € turbulent model for the steady-state conditions were applied. From
the calculation results, we verified that the pressure drop from inlet pipes to out-
let pipes decreased to a log scale as the manifold size increased in the internal
manifold types. Also, we found that the flow uniformity increased on an ex-
ponential scale as the manifold size increased. In addition, the calculation re-
sults showed that the flow uniformity gradually improved as the fuel and oxygen
utilization increased.
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Fig. 1. Design of 1 kWe SOFC stack (40 cells)

Table 1. Design parameters of the stack (b) ©
Variable Value T =
Number of cells 40 = —
Active area (mmxmm) 100x100 " :
Anode gas channel depth (mm) 0.75
Cathode gas channel depth (mm) 0.87 sy P
Anode inlet/outlet pipe hydraulic diameter (mm) | 17.05 (c) H
Cathode inlet/outlet pipe hydraulic diameter (mm)| 234 Fig. 2. Six sizes of internal manifolds: (a) anode manifold 2.5
Anode manifold size (mm) 2.5,5,10 mm; (b) anode manifold 5.0 mm; (c) anode manifold 10.0 mm;
B : (d) cathode manifold 2.5 mm; (e) cathode manifold 5.0 mm; (f)
Cathode manifold size (mm) 2.5,5,10 cathode manifold 10.0 mm.
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Table 2. Boundary conditions for mass flow inlet

Anode Cathode
Fuel Oxygen
utilization | 10 | 50 | 80 | utilization | 10 | 30 | 50
Ut (%) Uo (%)
Mass flow Mass flow
rate 8.92|1.66|1.04 rate 33.2]11.1(6.63
Q(x10° ke/s) Q(x10° kg/s)
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Fig. 3. Static pressure contours of U=80% for anode flow and
Uo=30% for cathode flow: (a) anode manifold 2.5 mm; (b)
anode manifold 5.0 mm; (c) anode manifold 10.0 mm; (d) cath-

ode manifold 2.5 mm; (e) cathode manifold 5.0 mm; (f) cathode
manifold 10.0 mm
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Table 3. Calculated results for anode flow

Manifold | Uf Min. Max. Ave. Stdev.
size (mm)| (%) |(x10”7 ke/s)|(x107 kg/s)|(x10” ke/s) | (<107 keg/s)
10 | 18924 | 25395 | 20.728 | 1.745

2.5 50 | 3.813 4.800 4.146 0.304
80 | 2385 2.980 2.591 0.188
10 | 20421 | 21.633 | 20.728 0.338
5.0 50 | 4.098 4.245 4.146 0.044
80 | 2.562 2.648 2.591 0.026
10 | 20.66 20917 | 20.728 0.079
10.0 50 | 4.138 4.162 4.145 0.007
80 | 2.587 2.600 2.591 0.004

Table 4. Calculated results for cathode flow

Manifold | Uo Min. Max. Ave. Stdev.
size (mm)| (%) |(x107ke/s)|(x107 kg/s)| (<107 ke/s) | (<107 ke/s)
10 | 68.984 | 124.665 | 165.800 | 34.679
2.5 30 | 24.178 | 37951 | 55276 | 7.445
50 | 14.624 | 22.057 | 33.166 | 4.019
10 | 76.713 | 92.582 | 165.830 | 8.250
50 | 30 | 27.072 | 29206 | 55276 | 1.197
50 | 16283 | 17.325 | 31.166 | 0.586
10 | 78.131 | 85.839 | 165.830 | 3.601
10.0 | 30 | 27393 | 28.001 | 55276 | 0.319
50 | 16.523 | 16.743 | 33.166 | 0.130
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