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Experimental Optimization of the PEM Fuel Cell Performance
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Abstract The proton exchange membrane fuel cell, which has the advantages of high efficiency,
low noise and free from pollution, is a kind of energy conversion facility. In this paper, the DOE
(design of experiment) method and the variance analysis are applied to investigate the effect of flow
field structure, operating temperature, cathode and anode relative humidity, and cathode and anode
flow rate on the performance of the fuel cell, and to optimize the performance of the fuel cell. The
maximum power and the highest efficiency are chosen as the performance indicators. The experimental
results show that the flow field structure and the operating temperature have a significant effect on
the maximum power while the flow field structure and the anode flow rate have a significant effect
on the highest efficiency. For the fuel cell studied, the optimum combination of the above factors is,
serpentine flow plate, operating temperature at 70°C, cathode relative humidity at 0%, anode relative
humidity at 100%, cathode flow rate at 0.263 SLPM and anode flow rate at

linebreak 0.525 SLPM.
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Fig. 1 Schematic diagram of fuel cell experimental setup
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Fig. 3 Maximum power of different levels of control factors
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Fig. 4 Highest efficiency of different levels of control factors
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Table 5 Results of confirmation experiments

Me

Cl=t,s(fe) x 4)

ER5 BRTIE/W BEKE/%
1 17.331 14.85
2 17.991 15.14
FHE 17.661 15.00

7 BSRHERFAKFT, BAMRLRENER

X[ 1
CI‘—“ta(fe)XS\/E'F% (5)

Kb r BRIEERERIKE. MAARK (5), &K
R Y (17.661+2.223) W, RFAMR 7L,

BB B R RLRAE K 15.00%+£2.50%. Xt FHBA
BENERHE, LRESTUENEFRKEYEFE
BEs, ARG,

4 4 #®

A A ERLREMFEZSTERRT WS
W&, BITIRE . HHRAARRE . R ER
BB B RE A, FEX B rb R E
Tk, BREELERWT.

1) WHBEMMBTREXN GRS B
EFRW . YMHREW RGN, BTREN
70°C B}, HRHIEIERK.

2) R EWAER AR B RRNEE R
FERwW. BWGHMER Y HIR, HREES
0.525 SLPM B, MM EREE.

3) BEHFHER A1B:CsDiEFo. ZERILH
FAHET, BERIIEMTINE N (20.394+1.329) W,
SERAEN (17.6614£2.223) W, BEBCRENHME SN
16.22%+1.52%, LHEHN 15.00%+2.50%. FH{E
LR EMBEEXATEENTS, HRHRLES
i1

& £ X W

[1] CartonJ G, Olabi A G. Design of Experiment Study of the
Parameters That Affect Performance of Three Flow Plate
Configurations of a Proton Exchange Membrane Fuel Cell
[J]. Energy, 2010, 35(7): 2796-2806

[2] Nishimura A, Shibuya K, Morimoto A, et al. Dominant
Factor and Mechanism of Coupling Phenomena in Single
Cell of Polymer Electrolyte Fuel Cell [J]. Applied Energy,
2012, 90(1): 73-79

[3] HuM, Sui S, Zhu X, et al. A 10 kW Class PEM Fuel Cell
Stack Based on the Catalyst-Coated Membrane (CCM)
Method [J]. International Journal of Hydrogen Energy,
2006, 31(8): 1010-1018

] WEE, BN, TR AREISRRBLE M. B K
K% U A, 2008
PAN Lijun, CHEN Jinquan, WANG Wu. Experimen-tal
Design and Data Processing [M]. Nanjing: Southeast Uni-
versity Press, 2008

[5] Kaytakoglu S, Akyalcin L. Optimization of Parametric
Performance of a PEMFC [J]. International Journal of Hy-
drogen Energy, 2007, 32(17): 4418-4423

[6] Wu S-J, Shiah S-W, Yu W-L. Parametric Analysis of Pro-
ton Exchange Membrane Fuel Cell Performance By Using
the Taguchi Method and a Neural Network [J]. Renewable
Energy, 2009, 34(1): 135-144



