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Studies on Low-pressure PEM Fuel Cell with
Orthogonal Test

CHANG Guofeng® , NI Huaisheng* ., XU Sichuan®
(College of Automotive Studies. Tongji University. Shanghai 200092, China)

Abstract: Based on studies of low-pressure proton exchange
membrane(PEM) fuel cell with orthogonal test,a conclusion is
drawn that the effects on fuel cell performance by hydrogen
humidity and equivalent proportion are so small that they can
be neglected compared to the effects of air humidity, air
equivalent proportion and fuel cell operating temperature. The
effect on fuel cell performance by air equivalent proportion,
the most complicated one among the five operating parameters
of fuel cell, changes with the working condition of fuel cell.
With the increasing of current, the effect on fuel cell
performance by air equivalent proportion is strengthening.
When the current reaches a higher level (120A), the impact
will be weakened.
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Tab.1 Basic operating parameters of fuel cell

W ROCRUENI W/ B BRI g HRBORE/  HADRE/ TR/
=/ IR/ kW A% A W %% SRR AL C % C TAERE S
480 40 310~480  0~200 =50 SEA 0~50 0~95 40~65 IR
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Tab.2 Test platform parameters

BHUKFR/ AHUKIE BEUKIES/ ZR0E/ SRRE/ SRS/ EREE/ ARRE/ fRRE/ ASUEN/ asinE/
(m*+h" 1)  JE/C MPa (ges™ D T % (ges™ C MPa %
6~10 20~70 0.1~0.4 0~180 -5~80 0.09~0.32 0~100 0~4 20~80 0.1~0.32 20~100
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Tab.3 Orthogonal test levels of low-pressure fuel cell
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Tab.4 Orthogonal test data table of Tab.6 Air flow rate of different conditions
low-pressure fuel cell FEMEE TSR WE/ (g 57D
Py e Ry e RN ER/TRIENEAY
i =R 2R =R AR SRR T 1.0 2.0 2.5 3.0
» B B/ S& 2SR RRE/C 10 1.71 3.43 4.28 5.14
1 65 65 2.0 1.4 50 ’ ' ' '
9 65 30 95 1.7 55 50 8.57 17.14 21.42 25.70
3 65 95 3.0 2.0 60 90 15.42 30.84 38.56 46.27
4 80 65 2.0 1.7 55 120 20.56 41.13 51.41 61.69
5 80 80 2.5 2.0 60 150 25.70 51.41 64.26 77.11
6 80 95 3.0 1.4 50
7 95 65 2.5 1.4 60 VO RIS EUG . 8 0] DUGE o i 7 038 Gilt R 8D
8 95 80 3.0 L7 50 PR IC SR 1. 3 7 g ARG R R
9 95 95 2.0 2.0 55 N vp N i N
S O WIS IS 1A TH0A (10 A) By IR K45 S i 5%
11 65 80 2.0 1.4 60 XFF 50,90,120,150 A % 1E 32 X 50 504 » 1 T e
12 65 95 2.5 1.7 50 E@Eﬁimﬁ?ﬁ
13 80 65 2.5 2.0 50
14 B0 80 3.0 14 55 £7 EEHBBBETRBTRA— (10 A)RBERER
15 80 9 2.0 L7 60 Tab.7 Test result records of low-pressure fuel cell
16 95 65 3.0 1.7 60 o )
17 95 30 9.0 2.0 50 orthogonal tests at condition point 10 A
18 95 95 2.5 1.4 55 ZRE ARl EK AR BRI T
R e W R e </
R e e i vE e YRV
N = 1 65 65 2.0 1.4 50 384.47
®5 STRTHESRE 2 65 80 2.5 1.7 55 390.96
Tab.5 Hydrogen flow rates of different conditions 3 65 95 3.0 2.0 60 395.32
— — 4 80 65 2.0 1.7 55 391.42
HL A /A R PR (g - 57D 5 80 80 2.5 2.0 60  396.94
Vit
1.0 1.4 1.7 2.0 6 80 95 3.0 1.4 50 393.07
7 95 65 2.5 1.4 60 396. 85
10 0.05 0.07 0.09 0.10 8 95 80 3.0 1.7 50 393.44
50 0.25 0.35 0.43 0.50 9 95 95 2.0 2.0 55 391.87
90 0.45 0.64 0.77 0.91 10 65 65 3.0 2.0 55 392.98
120 0.60 0.85 1.03 1.21 E 22 gg jg }‘; 28 gzgég
150 V.76 1.06 1.29 1.51 13 80 65 2.5 2.0 50 389.90
14 80 80 3.0 1.4 55 395.02
N \ - =% 15 80 95 2.0 1.7 60 392.90
1+%1§§U1ﬁ3ﬁ¢ H‘J%ﬁ’ﬁ%@;ﬂ%‘% 6. 16 95 65 3.0 1.7 60 397.13
17 95 80 2.0 2.0 50 387.46
2.5 1.4 55 393.33

2 RIBHIER ST e
2.2 HEBIRHFESHR
2.1 RGEIE 10,50,90,120 F1 150 A T3¢ (9 138 I 50 444
AR DL BB TR IE IR R AR IR SIS e ik 8~k 12.
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Tab.8 Variance analysis of orthogonal tests at condition point 10 A

5 EERUR BETHM HBE  HHEMS F i BIE F {4 I SH{E BEE KR
2SR/ Y% 22.16 2 11.08 9.27 12.58 X 3
AR/ % 1.25 2 0.63 0.53 Foo(2.11) =7.21 2
G A 59.27 2 29.64 24.80 33.66 Fo.05(2,11) =3.98 xx 3
A 0.06 2 0.03 0.03 Fo.10(2,11)=2.86 1
SRR T AR/ C 96.08 2 48.04 40.19 54.57 X% 3
¥l 187.19 17
R 8.37 7 1.20
Bk 9.68 11 0.88

% "FIR F>Fo.10(2,1D), T [H].
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Tab.9 Variance analysis of orthogonal tests at condition point 50 A
Ty ZHKIR BRI AEE HHFMS F {4 I F i I S BEE  RFR
ZSSIBIE /Y% 16.03 2 8.02 10.99 14.48 Xt 3
AL/ % 0.58 2 0.29 0.40 Foon (211 =7.21 1
25 M i 67.73 2 33.86 46.41 61.19 Fo05(2,11) =3.98 X 3
ECE] 0.40 2 0.20 0.28 Fo10(2,11)=2.86 2
SRR b T AR /C 125.99 2 63.00 86.34 113.83 s 3
SN 215.84 17
wE 5.11 7 0.73
BIER2E 6.09 1 0.55
F10 90 A TRAEZIKIGRIEFES T
Tab.10 Variance analysis of orthogonal tests at condition point 90 A
TR BEFHM O AEE HHFMS Ffi I F Al i S BEE  RFE
SEIBE/ % 22.35 2 11.18 6.66 9.13 - 2
AR/ % 0.36 2 0.18 0.11 Fool(2.11) =7.21 3
255 M 252.23 2 126.11 75.13 103. 02 Fo05(2,11) =3.98 xxx 3
EREE 1.36 2 0.68 0.40 Fo.10(2,11)=2.86 3
SRR T AR/ C 46.36 2 23.18 13.81 18.93 - 3
TN 334.41 17
WE 11.75 7 1.68
BIEER 2 13.47 11 1.22
Fz11 120 A TRAREXREAEFESN
Tab.11 Variance analysis of orthogonal tests at condition point 120 A
J7 245 BV HBEE M) F{i I F {8 i S BEE hFE
ZZEME/ % 31.21 2 15.61 7.10 8.95 - 2
AN/ % 0.31 2 0.15 0.07 Foo01(2.9)=8.02 3
255 M 225.81 2 112.90 51.34 64.72 Fo.05(2,9) =4.26 xxx 3
ECE] 4.86 2 2.43 1.11 1.39 Fo.0(2,9)=3.01 2
Rk e Sl T A TR 43.04 2 21.52 9.79 12.34 *sx 3
eyl 320.63 17
w7 15.39 7 2.20
BIER 2% 15.70 9 1.74
T xxex "FOR F>Fo.10(2,9).
F12 150 A TRAEZIRGAIEFEDH
Tab.12 Variance analysis of orthogonal tests at condition point 150 A
i 2R BETHM O OABE BHMS F 1§ BIE F {4 Il A BEE  RFE
ML/ % 27.76 2 13.88 4.79 6.43 %% 2
HTBE/ % 1.86 2 0.93 0.32 Fool(2.11) =7.21 3
M 229.75 2 114.87 39.65 53.25 Fo.05(2,11) =3.98 xxx 3
ERE] 1.59 2 0.79 0.27 Fo10(2,11)=2.86 2
e b T A IR /C 49.47 2 24.74 8.54 11.47 - 3
pavill 330.71 17
R 20.28 7 2.90
BIEER 2% 23.73 11 2.16

(I e

PFoR Fo.10(2,11D)<<F<Fy.05(2,11).
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Tab.13 Sorting by effect degree of different

factors on fuel cell

P e e TG T R T
10 3 4 2 5 1
50 3 4 2 5 1
90 3 5 1 4 2
120 3 5 1 4 2
150 3 4 1 5 2
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W F, 24 L Pk B4 i K (AR Hh i 3 ik 2
120 A ZJ5) » IXRhZ ik & TR T
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