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Experimental Study on Control Factors for a
1kW Air-breathing PEMFC Stack
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Abstract: In an air-breathing proton exchange membrane fuel
cell (PEMFC) , the air flow effect is different on the strongly
coupled temperature and humidity, and uncertain on the stack
voltage. To study the stack performance in detail, the inlet
hydrogen pressure and the rotation rate of fans are
investigated as effect factors,and the orthogonal experiments
are carried out at the corresponding working points. The
results show that, when the fans rate is above the optimal
value, the air takes more water from the cathode away and the

membrane becomes dried slowly, and then membrane
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impedance increases, therefore the stack voltage declines; in
the other hand, when the fans rate is below the optimal value,
the heat quantity carried out with air is reduced, making the
cathode surface temperature higher, the air relative humidity
decreases rapidly, and then the membrane dries quickly,
therefore the stack voltage drops sharply. Therefore, there is
an optimal fans rate value which makes the stack voltage

highest at each working point.
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Tab.1 Level-values of hydrogen pressure and fan rate at each work point
e P/kPa 2A 5A 10 A 15 A 20 A 22.5A
n/(remin"?) A n/(remin ) A n/(remin") A n/(remin" ) A n/(remin" ') A n/(remin"1) A
1 150 192 49 369 37 686 34 686 23 1200 30 1412 31
2 160 282 72 453 46 960 48 960 32 1412 35 1 600 35
3 170 369 94 533 54 1 200 60 1200 40 1 600 40 1768 39
4 453 116 611 61 1412 70 1412 47 1768 44 1920 42
5 533 136 686 69 1 600 80 1 600 53 1920 48 2 057 45
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Tab.2 Range analysis of 2 A

% Iy RYES
¥ 1 ¥ 2 ¥IE 3 ¥ 4 YIE 5 W2
ARIAOES 45.54 52.74 52.83 7.29 3
X B 51.10 50.16 50. 22 50. 22 50.12 0.94 1
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Tab.3 Range analysis of 5 A
HE/V
HZ ek %
¥y 1 i 2 3 4 5 Bz =
ARAOES 48.94 49.04 47.35 1.69
U e ki 48.42 48.98 48.78 48.13 47.9 1.08 2
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Tab.4 Range analysis of 10 A
RS BIEY RS
- #yfi 1 #y(if 2 (i 3 (i 4 1 5 P =
ARAAEN 44.39 45.83 44.7 1.44
TR s 45.73 45.02 44.95 44.64 44.54 1.19 1
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Tab.5 Range analysis of 15A
- HUE/V e
- 1 2 1 3 ¥y 4 HH 5 B s
ARALES 43.23 42.76 43.55 0.79 3
TR s 42.83 43.46 43.54 43.14 42.92 0.71 3
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Tab.6 Range analysis of 20 A
HE/V
5 RIS
8 i1 ¥y 2 IR ¥y 4 e B i
AIADES 40.32 38.66 40.31 1.66 1
TR s 39.77 39.86 39.76 39.72 39.70 0.16 2
xT 22.5 AMESNWT
Tab.7 Range analysis of 22.5 A
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i
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ARAAKEH 38.21 38.28 38.20 0.08 2
R e 38.13 38.28 38.32 38.25 38.17 0.19 3
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Fig.2 Analysis of fan rate factor



AL 41 kW [ I PEMEFC el 250 893

3.1 HEMZERHFHZIN

MIE 2 AT LI A s AR 2 BT AR KU
e R (AP A3 S o) A7 AE— A 45 F HEPE R de A0 AR
{EL» = RIS T2 AR, PR 34 H Hl R 2 ik

R — IS 7E 10 A TAE S35 KX 5
T FEIAEAT TR, 5 4y ) o 369,452,533,1 768 r
e min ! RIGZE R ANK 4 Fras. ATLLE - L 7E 10 A
Ab e i Ry KT 1R 686 1« min ' B H0E TX
{ELA B FE R R4 1 768 1+ min ™" s H FE Sk S5 I, (EL
WRAR /DN B AR 2 S S (L Pl TR R B R
HUKT 533 r « min "B, HLR SR T R T HIGIA R
- R 1 ATAL B — AR A KU BT B 4t i 25 <ok
RPEYRT 23, UIE R RN SR AR R
FEI. B T DAHE R A SO0 AN 2 X R AR AR Y

AR

48 -
46 -
44 L
> 42t
% 40
38| —=-150 kPa
36 —o- 160 kPa
—- 170 kPa
34 C 1 1 1
500 1 000 1500
3 / (r-min)

4 10 A THERRRIESHEIRT L&
Fig.4 Curve of voltage and fan rate at 10 A

DA Bt (o A ) 0T R A Sk B 1) 552 il AL 90
PRI, AT
Cp, Mean 1€1.25 = U/ Mean)

1+C, C,, var
T Oy o e AR R K Ty N B 5ETREE K
Oy s Oy A3 AN 25 I T - m o K7
e A HLHE BRSO, 40— 5 0 LI A w0 i HE
LR Vs v A m® e 57t

Hy 2 CO AT 72 AR [F] A BREE AT T 454 T A
1253 000 3 R R A 2 BN i 7K AR e AR S 28 ST
e /D BOHE P Il T R DTS A5 1 A 2 A SR
FUT 5 » B BIASAM AR X2 B S T B B AR A0 AR XoF
AR e S e a3 i ¢ N 1] 3 S
5T A5 58, ABGE i ME L TR B AR T % LR T
et ] s AR A R BTy A P s T 2 A, i

T = Tamp +

HAEAHIE L B — 22 T TP SR 36, i e AN BT T
Wi SR R S A fe 28 5 SO 58 4 T MR O 4 %
PRU AR b 1 A

A B 28 R R 2 3 B0 L R B (75
HIRHRE RA RO B i 2 s iR 27
T BB AN 14 5 22 K 73 o BF AR A AR X0 9 3 HAT A 19
A ZEE P X T IEAR X B 45 2% v LI
HE A U (A SR X i B s AT U b B
MR H A TR R

PR DL o XU B} 1 3k PR 3R 06 WL S 4 i LA
TEVERZ R, 2% 18 2] iy ek 23 IR S M X DA » R IE
IR} 7 3k 7 12 3 R B I (B E AT P 7 XF 160 kPa [
T3 B fe 0 A R i KR A B U 3 T L 45 3 A
RSN iR/ W

n* = 1.110 8 i* + 45.518 1 i + 109.574 1(2)
A AR R AL E . r « min™'s @ WL A,
La L AnE 5 Frs.

2000 -

1800 F
_ 16001
1400

0" 5 10 15 20 25
/A
5 160 kPa &4 T, NERMAEESBRIUNGHLE
Fig.5 Fitting curve of optimal fan rate and
current at 160 kPa

3.2 SREA%M

MIE 3 Hal LA L AEA R AT A AU R
HUME R I RN TR]. 76 2 A RS AL T 00 T
KPR TE  RER B L HE R RE S TR VU R
JIRER . IR TR AR S U PR B
REJCHIR 22 5% N1&L 6 P dy ot DA IR 3 T2 000
I S B O A R B H R, SUAN
Fe A3 8 iR 1 9 BIOH B 4R R T AR SR R T
JROSE e FE » DT 2 By HeL it ri Sl 35T e A e P A
THUR AU S R RSB AR W 98 55 . d T A
SR FH T e SR A Ak DA B AR AR R L ) At
o R AR T HESUH AR LR AR . IR AR R
HEPEREM IR EAEH IR . [ 0TIl PEMFC HER) S U
J3R B ARG FRL U R P e 7K S0P (L T 55 R
UL T OO0 SR MR A~ S0 H R A i



894 GEFEES RS T

439 %

70
60 P
> 50 [
b 401
m a0k
30 —8-150 kPa
20 —o- 160 kPa
10 - 170 kPa
0 5 10 15 20 2
/A
6 EERT—BEMLZ
Fig.6 Curve of stack voltage and current
A\
4 g

B X 2 A I PEMEFC M A0 47 1T A<
s 3 70 DXL e o o v S L T 2 T 119 IE S IR X
WG] A 0P E SRR X X PEMEFC HE£E
AR R A SR AR — 8 LT L T e = RO LA
{E 5 TIZ(E A 2 R0 0 L IR T (E A TR PR RE 2
HCRE A s A SR s A R R e IR I T
DU A — 2 22 5% T e AL L oL A W] R A2 A 3 A
IR IR P T2 R o TR AE R = e
BT Z (7K I3 » TS5 1 S R 4 48 » BT
SR R L I 25 i IR TR AL » 25 <
gl AR AR /D o (A BA A SR T I T B AR S
RSP0 38 THUHRE AR o T 5 BT 5 J it ke 44
FEL Tt P e R P XL P 47 ) 32 47 TR SC
Fhdie A d DI AE T3 A T 4 il LA 5 B 3 i e 2
AR SCRIFSE PR I B AR BE R AT U T — 2 0
BP9 A o s PRt B R oA itk — 2B B 5
HLHE PR PERE -

S 3k

[1] Buchi F N, Srinivasan S. Operating proton exchange membrane
fuel cells without external humidification of the reactant gases
[J1. Journal of the Electrochemical Society 1997,144(8) ;2767.

[2] Watanabe M, Uchida H, Seki Y, et al. Self-humidifying polymer
electrolyte membranes for fuel cells[J]. J Electrochem Soc.,
1996,143(12) . 3847.

[3] Jung Guobin, Lo Kaifan,Su Ay, et al. Experimental evaluation of
an ambient forced-feed air-supply PEM fuel cell[ J]. International
Journal of Hydrogen Energy,2008,33(12) :2980.

[4] Morner S O.Klein S A. Experimental evaluation of the dynamic
behavior of an air-breathing fuel cell stack[]]. Journal of Solar
Energy Engineering-Transactions of the ASME, 2001, 123
(3):225.

[5] Williams M V,Kunz H R, Fenton J M. Operation of nafion based
PEM fuel cells with no external humidification: influence of
operating conditions and gas diffusion layers[]J ]. Journal of
Power Sources,2004,135(1 —2).122.

[6] Lee Y, Kim B, Kim Y. Effects of self-humidification on the
dynamic behavior of polymer electrolyte fuel cells [ ] ].
International Journal of Hydrogen Energy.2009,34(4):1999.

[7] Santa Rosa D T,Pinto D G, Silva V S, et al. , High performance
PEMFC stack with open-cathode at ambient pressure and
temperature conditions[ J]. International Journal of Hydrogen
Energy,2007,32(17) :4350.

(81 ke, X A=A, 45 TR0k v Yt i) £ 3R 55 Tk XL

SCHIER R B He G S M Re T [T . & 4 F 2= 4l 2009,
4.375.
ZHANG Ni, LIU Huiling, LI Junjing, et al. Direct synthesis and
properties of sulfonated poly (arylene ether sulfone) copolymers
for proton exchange membranes in fuel cells[J]. Acta Polymerica
Sinica, 2009,4:375.





