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Optimization of Fuel-cell stack design using CFD-ACE
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n| Abstract

stack affect the performance of the stack,

Keywords : Fuel-cell(d#434), Stack(£¥)

Feul-cell system consists of fuel reformer, stack and energy translator. Among thesc parts, stack is a core
part which produces electricity directly. In order to set a stack module, fabrication of appropriate stack, design
of water flow path in stack, and control of coolant are needed. Especially, water or air is used as a coolant
to dissipate heat. The different temperature of each electric cells after cooling and the high temperaturc of the

Therefore, it is necessary that the relationship between coolant, heating rate, width of stack, propertics of
stack, and the shape of water flow path must be understood. For the optimal design, the computational
simulation by CFD-ACE has been conducted and the resulting database has been constructed.
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Fig. 1 CAD Design of stack

Fig. 2 Structured & Unstructured
complex model in CFD-ACE
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Table 1 Simulation Parameters

Volume Condition T
Fluid - Water

Density 997.0089 (kg/m®)

Viscosity 0.000855 (kg/m-s)

Specific Heat 4179 (J/kg-K)

Thermal
Conductivity

Solid - Graphite

0.613 (W/m-K)

Fig. 3 Structured mode in CFD-ACE
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Density 2250 (kg/m®)
Specific Heat 690 (J/kg-K) _W
Thermal 24 (W/m-K)

Conductivity

Boundary Condition

J—
Inlet (Fixed Velocity)
XVDire(?tion 06529 (m/s)
clocity
Temperature 323 (K)
Stack Top and Bottom
Heat Flux 1 450 (W/m?)
Outside
—
Adiabatic




AN gl NS FY3l7] olde 7] dolEHE
A AR AANT A0 ABHBE £
Y3H, 1 olF HIE FPE F3lo 2EX7}
5Col 744 23H%T 27§ SimManagerg ©| &
ste] Fole WL Sy

Tablc 2 Simulation result at SimManager

Depth | Width | Velocity
(mm) | (mm) (m/s)

0.6029

278 0.6529

0.7029

05
0.6029

29.8 0.6529

0.7029

312 Depth7b 035, 0659 A%l iy
SimManager® o] £3ld AlB# oA E FY5A
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Bl &2 Table 39 3Utt.

Table 3 Optimal parameters

Depth(mm) 05
Width(mm) 29.8
Velocity (m/s) 0.6529
Heat flux(W/m?) 450
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Fig. 5 Coolant velocity vector

6. 28

B

Lo

ATE Filo S 2L FES
A8k

ne
o
4

1. 9aHAe 2d Y7o HHHEAE A% 4
olHe A& T3t 7 AN 2x Y
S (uniformity)& 714 & 4 Joy, ¥+
2 d usd Yad FUHAHA FHEH S
o AAHA 29 A5E FHND F Qo

oA

2. 0% HzAAA dHolHHol2E TF
o] FF AF NEALE dHAPoEH 29
o AAAHY A AzE AHAAL de 984

._17._



A8 4§ 97E AFS ANRI

[1] Blomen, L. and Mugerwa, M. N., 1993,
Fuel cell systems, Plenum Press

[2] Williams, K.R. 1966, An introduction to
fuel cells, Elsevier

[3] Jiang, Rongzhong and Chu Deryn, 2001,
“Stack design and performance of polymer
electrolyte membrane fuel cells”, Journal of
Power Sources, Vol. 93, No. 1-2, pp. 25~
3l

{4] Barnett, S. A., 1990, “A new solid oxide
fuel cell design based on thin film
electrolytes”, Energy, Vol. 15, No. 1, pp.

1~9.

(5] Myung, Hyoun-kuk, An introduction to
Computational  Fluid Dynamics, 2002,
Munundang

[6] CFD-ACE Reference manual, 2001, CFD
Research Corporation

(71 CFD-SimManager Reference manual, 2001,
CFD Research Corporation

[8] CFD-GEOM Reference manual, 2001, CFD
Research Corporation

[9] CFD-VIEW Reference manual, 2001, CFD
Research Corporation

[10] Lee, J. H., Lalk, T. R. 1998, “Modeling
fuel cell stack systems”, Journal of Power
Sources, Vol. 73, No. 2, pp. 229~ 241.

(111 Paganin, V. A., Ticianelli, E. A. and
Gonzalez, E. R., 1998, “Development of
small polymer electrolyte fuel cell stacks”,
Journal of Power Sources, Vol. 70, No. 1,
pp. 55~58.

._18_



