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Numerical Analysis in a 1 kWe SOFC Stack for Variation of the Channel
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kimyj@hnu.kr Abstract >> In this study, the flow uniformity was analyzed by performing numer-

ical analysis on the 1 kWe internal manifold type solid oxide fuel cell stack ac-

Received 19 July, 2022 cording to the channel height of the separator. Also, it was examined by varying
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we found that as the channel height of the separator decreased, the pressure
drop increased exponentially. In addition, it was found that as the channel height
of the separator decreased, the gas flow resistance inside the unit cell in-
creased, and the flow resistance increased the pressure drop, thereby improving
the flow uniformity inside the stack. Finally, the calculation results showed that
as the fuel and oxygen utilization increased, the flow uniformity also improved.
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Fig. 1. Design of 1 kWe SOFC stack (40 cells)
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Table 1. Design parameters of 1 kWe SOFC stack
Variable Value
Number of cells 40
Active area (mmxmm) 100x100
Anode manifold size (mm) 5
Cathode manifold size (mm) 5
Anode inlet/outlet pipe hydraulic diameter
17.05
(mm)
Cathode inlet/outlet pipe hydraulic diameter
23.40
(mm)
Anode gas channel height, Han (mm) 0.375, 0.75, 1.50
Cathode gas channel height, He, (mm) [ 0.435, 0.87, 1.74

() ®
Fig. 2. Numerical models for SOFC stacks according to differ-
ent anode and cathode of gas channel Heights: (a) Han=0.375
mm, (b) Han=0.75 mm, (c) Han=1.5 mm, (d) Hca=0.435 mm,
(e) Hca=0.87 mm, (f) Hca=1.74 mm
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Fig. 3. Mesh generation for numerical analysis: (a) Ha=0.75
mm, (b) He;=0.87 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
Ur (%) Uo (%)
Mass flow Mass flow
rate 8.92/1.66(1.04 rate 33.2(11.1]6.63
Q(x10” kg/s) Q(XIO'5 kg/s)
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Fig. 4. Pressure contours of Uf=80% for anode flow and
Uo=30% for cathode flow: (a) Hsy=0.375 mm, (b) Hay=0.75 mm,
(¢) Hw=1.5 mm, (d) He=0.435 mm, (e) H=0.87 mm, (f)
Hea=1.74 mm
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Fig. 5. Normalized mass flow rate for each cell: (a) anode @
Uf=80%, (b) cathode @ Uo=30%
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Table 3. Statistics of calculation results for anode flow

Us Min_.7 Max_.7 Ave:7 Stde\_/7.

Han (mm) %) (x10 (x10 (x10 (x10
kg/s) kg/s) kg/s) kg/s)
10 | 10344 | 10422 | 10.364 0.024
0.375 50 2.069 2.079 2.072 0.003
80 1.293 1.299 1.295 0.002

10 | 10.205 | 10.901 10.375 0.191
0.75 50 2.046 2.129 2.073 0.024
80 1.279 1.328 1.295 0.015

10 9.044 14.519 | 10.364 1.421
1.5 50 1.839 2.587 2.073 0.217
80 1.150 1.598 1.296 0.134
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Table 4. Statistics of calculation results for cathode flow

U Min_.7 Max_.7 Ave:7 Stde\_/7.
Hca (mm) %) (x10 (x10 (x10 (x10
kg/s) kg/s) kg/s) | kgfs)
10 | 81.649 | 84.592 | 82.900 | 0.808
0.435 30 | 27.553 | 27.867 | 27.638 | 0.097
50 | 16.542 16.686 | 16.583 | 0.042
10 | 73.546 | 97.566 | 82.900 | 6.484
0.87 30 | 26937 | 29.796 | 27.638 | 0.824
50 | 16.220 17.572 | 16.582 | 0.373
10 | 48.081 | 183.812 | 82.900 | 35.538
1.74 30 | 22.619 | 43.887 | 27.638 | 5.552
50 | 13.660 | 24.452 | 16.583 | 2.891
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