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Fig. 1 Impedance spectrum sampling point partition

map based on frequency secant angle method

BEEE: L R0969—), B, Mt #z, FENFHREE LB RGN . 6 52 WHE AT N5E . wd101@cjlu.edu.cn



8 B ORAE. SETHIRIEE M PEMEFC PEBEIL AL 2377
3% 7 T AR F Y HT R & PEMFC 1 B = 1 6)
TR - o BB
' Zo=7 iz (1) RR,
Z““Z“‘ J_Z“ o) 1) M5 EIRAET /£ W, SRR ¢ HY T
w =l ") Ly
ip SH. R R
Sl 2 2 2 2 TR e
FEYORL (5 53 56 15 KE L o L AR

T M U3 A A2 i BELAT 55 50 1) e e A%, e
PLZ B T Za FIERPUE , THEAS L IEE A
(e {Eﬂ‘j

Z,
‘ (3)
ZRZ _ZRI

2 EIRERFMERS

2.1 HRREER

TE PEMFC HPA7F7E XU JZ LA B H' & R 4
FE ST A8 40 R T, 7 L 2 SRR T R Y T
EATEA R, ST e Ak R BE P B 1 A
A C ,ﬁ%*&%ﬂﬁ%ﬁﬁeﬂﬁ%@ﬁuﬁwmﬁﬁg
HEAT FEL far A1 RE B A A7 o IX AN FLAS PR 2 R AR R H
. MWk, %ﬂfﬁﬂﬁﬁﬁf@*%fﬁ%ﬁﬂkﬁfﬁ
FRERSRLUR 30 1 A2 C oE AT A, SR i
FERIOE 2 Fs

o = arctan

RAR,
_E_ led
|1
Rm 11
C
+1=

g Il
2 PEMFC 4544 i A
Fig. 2 PEMFC equivalent circuit model
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Fig. 3 Water cooled type fuel cell experiment system
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Table 1 Each impedances and f,,, a,, experimental result under different current density in best working condition
R o i L R e BT R IE
i/A-em™ R./mQ RimQ) Ry/m€) CalF SondHz al(°)

0.1 7.73 15.03 0.57 0.0337 913.72 71.67

0.2 7.86 9.83 0.64 0.0343 1033.55 66.79

0.3 7.79 7.69 0.81 0.0354 1091.65 64.15

0.4 8.86 4.84 1.04 0.0368 1223.69 58.99

0.5 9.59 2.51 1.31 0.0378 1541.30 54.43

0.6 9.06 1.58 1.63 0.0388 1650.66 53.56

0.7 8.28 1.19 2.01 0.0395 1695.81 54.20

0.8 7.50 1.04 2.67 0.0400 1603.04 56.22

0.9 6.58 1.01 3.71 0.0401 1484.11 59.79

1.0 5.40 1.00 5.19 0.0402 1452.80 65.02

1.1 4.27 1.00 6.83 0.0403 1429.30 70.56

1.2 3.90 0.98 8.84 0.0403 1414.84 74.13
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Fig. 4 Frequency secant angle method optimization flow chart
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Table 2 Each parameter value before and after the optimization

L L ] i
A-em” HRE/K HiTA5ea SN /MO TRE/K a5 SN /MO
0.1 333 0.60 28.07 331 0.52 23.33
0.2 333 0.60 22.60 336 0.58 18.33
0.3 333 0.60 19.18 340 0.62 16.49
0.4 333 0.60 17.65 344 0.66 14.74
0.5 343 0.70 15.87 348 0.72 13.41
0.6 343 0.70 15.00 351 0.75 12.27
0.7 343 0.70 14.23 353 0.78 11.48
0.8 343 0.70 13.64 355 0.81 11.21
0.9 353 0.80 12.03 356 0.83 11.30
1.0 353 0.80 12.98 356 0.84 11.59
1.1 353 0.80 14.89 357 0.86 12.10
1.2 353 0.80 18.63 357 0.87 13.72
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Fig. 5 Contrast of change with « angle before and after

optimization
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Fig. 6 Contrast of change with output voltage before and after

optimization
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PEMFC PERFORMANCE OPTIMIZATION BASED ON FREQUENCY OF
SECANT ANGLE

Gao Zhi, Wei Dong, Wang Zhen, Tong Peng
(School of Mechanical and Electrical Engineering , China Jiliang University, Hangzhou 310018, China)

Abstract: Fuel cell internal water thermal state has an important effect on the output performance of fuel cell.The
traditional EIS method uses the sweep mode to obtain the fuel cell impedance spectrum curve, and then to get the fuel
cell internal water and heat management. However, the method has the disvantage of long test time and cumbersome
process so that it is not suitable for online real-time testing. In this paper, a fast EIS method was proposed based on the
traditional electrochemical impedance spectroscopy (EIS) method—frequency secant angle method. This method
introduces impedance secant angle a to simplify a set of frequency signal of traditional EIS method as the highest
frequency M, and high frequency transition frequency M, of the two high frequency signal, by sampling the two
frequency point impedance information, the cut angle @ between the line of two points and the real axis can be obtained.
At the same time, the simulation and experiment are used to obtain the change rule of the transition frequency f,, and

the angle o, with the current density under the ideal condition as the control basis, and then adjust the operating

opt

conditions of the fuel cell under the comparison with the current condition « and the ideal condition «,, to reach better

opt
and faster water and thermal management of internal of the PEMFC which is more economical than traditional methods.

Keywords: PEMFC; hydrothermal state; frequency secant angle method ; turning frequency ; operation conditions



