Journal of Electrochemistry

Volume 24 | Issue 2

2018-04-28

Effects of Rotating Magnetic Fields on PEM Fuel Cell
Performance

Mao-liang WU
wumaoliang@shiep.edu.cn

En-ze WANG
Guang-de PAN
Zhong-jun LIU

Fei XIE

Recommended Citation

Mao-liang WU, En-ze WANG, Guang-de PAN, Zhong-jun LIU, Fei XIE. Effects of Rotating Magnetic Fields on
PEM Fuel Cell PerformancelJ]. Journal of Electrochemistry, 2018 , 24(2): 160815.

DOI: 10.13208/j.electrochem.160815

Available at: https://jelectrochem.xmu.edu.cn/journal/vol24/iss2/15

This Article is brought to you for free and open access by Journal of Electrochemistry. It has been accepted for
inclusion in Journal of Electrochemistry by an authorized editor of Journal of Electrochemistry.


https://jelectrochem.xmu.edu.cn/journal
https://jelectrochem.xmu.edu.cn/journal/vol24
https://jelectrochem.xmu.edu.cn/journal/vol24/iss2
https://jelectrochem.xmu.edu.cn/journal/vol24/iss2/15

H24% H 2
2018 4F- 4 J

WAL
JOURNAL OF ELECTROCHEMISTRY

Vol. 24 No.2
Apr. 2018

DOI: 10.13208/j.electrochem.160815
Cite this: J. Electrochem. 2018, 24(2): 189-193

Artical ID:1006-3471(2018)02-0189-05

Http://electrochem.xmu.edu.cn

HEREREIAXT o1 1 3 R IA R R it TAEERERYS2 N

LY T _I.,/

(

= aﬂ\

,b,ﬂ' EP'T/SL Wk

EEJJ?AF’ ﬁz{)? 'ﬁﬂ’fﬁzTE?ﬁ[&n ki 200090)

HEE . SMIRE T LR 5 PEM (Proton Exchange Membrane , J5t T 32 46 [ ) OBk Hit v 1 T4 1 i, A< SCil 3t 4 PEM
SR AL FL St 3 AT 0 00 BRE I 1E D B R R g TR B 2 A TR R TR G 3 D R S PR A A R S, A3 BT I G R A
BRES VL KR INRE Y 3 Rl S PR 55 1 Bk A st %) 4 B T 3R 8% AR b WF 9T & B, AR 0 3 1) 43 A B R TR) , R 4

B8 Sl R R L A B e BN R, R
21.27%, B 5 v I 33 0 25 R A ek 4

S B 3 X R Lt T PR BE B B2 ), 24 %G 3 R 30 remin IR 0 B K BE B m i — 20
KB : PEM MARNO I, WERE WG  TERE R TAEMERE

FE 525 0646, TMI11.42
PEM #A KL i A e it e fb R i | s ey
I AT RE PR R | AR IR B IR DL BT e i
A, ATt A DL BC 2 JLJE B A9 AN [R] FE
A5 G0 R T A ) A R R O, v A A T AR
A R Hh R ) 7B i S A R AR R S 1)
il 385 8 A RITE — 20 i v Rk PR 1) A P g
PEM #4547 T AE P R AN AN 55 0B H it (1)
FEAL IR G iE I WA G i 5 AR AR 3
B iR B BN R ) ol R A N R A B i —
RN, e X i T ARk e B
Y52 M, DGO A B2 DR TR, i B KL 1 1 0B B AR )
JOT 1) GG L X B R R R R RS IR L T
JBT B G ME ). PEMLJRRE FEL 3l v A sz g SR RS R 55
R R NI =N = R Ty 1R 7 R W NI = R W B UL o
SR, RS P B T R P ) SRR A R N R
W/IN T Az Bl i AU A G RN 5 B K
177 )iz sl [a] i A i 7R G 3 h s sh i, & 5%
FIEAS 2% 71 WOA4E . Matsushima S5 0 5% 17 86 &
%Xiﬁiﬂ@r%ﬁﬁlfﬁﬁﬁ%%ﬁﬂﬁE’WEFH*}LIE ﬁﬁiﬁﬁ
TR Y75 78 B IR R H b 1) A BB TAE IR BE , 20 TR
AL HL g T AEYERE. W37 7 ) \EZQ%EEQ\EZQ%W
PR A5 1 8 A0 A0 R e 28 R ORE FL Y i i 2 2219 Okada
SRR ST T G 7 X BR R R Tt P AT AR S

SR AL B R, T B G  RR P ) BR R T ARE E B  T
1 Y 11.70%. JE 5% 1 37 7 £ 09 00R 5 0 90 e o TR JEE AT O, i v e B AT M) 0%

LG | B R W
N ERFRIAAD . A

38 2 S R T 6 R R T D R B v R
FEL 3 A i O A U

A L 7E PEM SRR L b i 2w 37 , It i
SEG W AR R W 3 T8 A an Bk BE W 7 | (R 2
HHEYy . S A W AE LR e e 1 AN TR
Gk PEM KA H b A Ak ith 2 i 2 89 i 19
A4, DL K il 3 Y % W 37V S0 1 5 ) R
1 £ I

SCIG A R 48 £l PEM KRR M G35
IR S/ = LU B W N B 652 4 E 7 A /9 S 3z <
T AR SRR i S an 1 1 s

Signal output Signal output
of Cathode of Anode Permanent
magnet
Inlet of O2 Inlet of H,
s8. _l /
2§t
Bt & Stepper
o
=% ) motor
-3 &
o g2
=g
E ~
Outlet of Oz ouﬂet of H,

77

P 1 S AR R = IR

Fig. 1 Schematic diagram of experiment test system

Wk H 1. 2016-08-22, #£1T HII. 2017-01-16  * i@ A, Tel: (86-10)35303147, E-mail: wumaoliang@shiep.edu.cn



+190 -

SR IE PEM SRR} L b o RURK Al 3 18 43 531 i
7 x 749 AT AR R, A A A
3, PRUER SRS AR N 45 43 A DL AR
AR 2 A IR IR A A R A A ME S 5
{2 . R FH Nafion-115 (Dupond ) A HL 8, B
e b AL R 2 4 2K 0.4 mg-om?, A7 &G
PET R 4.84 cm? SR FH 20 H A 45 A9 9 M4 7 A
PRUE T FL BR8] 1) S £

Tofs B 0 7 o Bl R A R R A AR S R
() 7K AT PR R 20, — 2 K 96 5 43991 24 20 mm
20 mm 10 mm 952 B gk g i, L w35 1 Bl
A I B AR A LA W8/ Y UM BE R Y. — 0
ELAR Smm., =5 10mm F IR TP Sl 2k 0 i ik 4 A, 4
x 4 B3 1) B0 AT TV R 20 & 5 0 Wk RUSH A
[6] % 20 mm x 20 mm x 10 mm I RE &k (551, AR I8
BER I ASTR] 43 590 8 1 N W [l 1o 1) [ A0 vk 4 4 (R
2A)FIN W5 S W28 B HEF ) Sk M2 A (KI2B).
S50 e R R E AU, R TS 2P P
R 38 A AR 2 AL B Bl (A5 R Ak )
AT AR R R Tt PN RS A A AR I B R .

S 3k B Y W A B SR 4 2 B ARBIN 4%
AR I IR &R 48 (FCTS-50H) 5¢ A, 32 %5 F 45
BB F T R R R R R Ty R A DA
TR A S8, 8 i R S 8O0 IR R
b T AR PR AR 0 AR Ak, A 2D B O ] SR AE A
WEG L ARG S FP H 2R M — B s, AT X
S G T L 22 S IR ARk F Tt 1 A Ak il £ N T R
MRS, e P R M EAES B S . iR
50 °C, VB 50 °C, BRI E 20 °C. AR LVEHA
BRS04l 34 99.99%. &I & [ E M 0.15
L-min”, <&M 0.3 L-min™.
2 ER5iTE
2.1 #EERIAIT PEM B# B it T 4615 8 B

220

MR8 1 AL B0 6 B2 1 47 7 A 1) W A6 B2 7, DIt
i M ) B0 A G DR T R R /N 1) T ) A2 B T
ERaWINEE R A AL Y-8 NSRRI 2
T 37 16 52 B K ML 550 R 3 s J3E %) 90 B I 45 5 g 4
oy BEH4 50 L 38 4% . A FE T IR H b e {27
FWEAAL SRR BE 1A %, i B SRR 1A
XK, M T e IHUE o TEREE N SR E ) B G
g B, 22 BNE AR 2 T AE . T A
ia 2 i B 2 B 0848 2% ) 5 s 2 U 1) 2R E

Magnet combination with homopolarity

Magnet combination with heteropolarity

2 BFIE R BRI A IR
Fig. 2 Combination types of cylinder magnets

DAL I 3 48 2% 0 %0 FL - R 32 3l 5 i 88K 7E PEM
SR P S A P Ak B T E R 3 S el
F A 24 B 30 ) i S R RN R T B

] 3 J2& R PR A ik o e 2k (3R 0 oo i
Yo E Ry 310 mT) AR NBREERL IR, XF HeAS i
Yy W AR B R NG R 30 remint (9 € i 0
1 37 1% 0 T 0K RE Ha S B A Ak i 2 R By S 0 B ot
2, NN B R Y | RS R Y RIVE B R e IR ) R S
fi L P SR K ) R %5 BE 43 ) 81.51 mW -em? 89.93
mW-cm? Fil 93.27 mW -cm?. &5 A4 B 1 37 Rl jie i
o JEE G S 4 o 2 v AR R b 7 T SR B 10.29%
14.39%. FEHIEHERDIAE TS | B0 FE G /2 15 Tie i
XF MR REH L Y Fe K ) R AR T B — 1 i
i) IR K 228 4.10%. R 3 W] LA Y Ah
hnwg G TR R M A D 2 5SS
HH B THE 27 1 3 355 SR T B 4

100
0.8F =
—~
@
180 'g
)
0.6 . B
—C
3 60 E
) ; g
& 04} a E
S o 140 g
> 5
\\ B
02r 4 --2--- Without magnetic field” ° °© 20 =
o Rotating gradient magnetic field 8
—o— Static gradient magnetic field
0.0 . . .

1 1 L 0
0 50 100 150 200 250 300 350
Current density/(mA.cm’z)

Pl 3 TE ik e AR Rk Hh T A A Al T 2 5 0 R B b 2%
A
Fig. 3 Effects of rectangle magnet on polarization and power
density curves in a PEM fuel cell



%5 2

S SE A W 708 5T S A AR HL Tt T AR RE A S +191-

2.2 FEREHEE#IHXT PEM BEE M T/E

4 BE B9 5 M

[ A M 2H 4 ik (T8 2A0) 19 N AR 5 1) 9% R
Tth S BT B R RE L AR R E i 1 L. A
Kl 4 vT LA, ARG | 0380 2 W AR v
Y. INENE R WA M G Y 3 R O A de K
Iy 5% B 4y ) & 81.51 mW -em?.86.13 mW -cm?,
89.96 mW -cm?. Jiit K i A [7] A 1 i 4 ) o) 22 % i
FEARINRE R T 5.67% , A0 2 e 5% 1) ) 1 1 3
N Ty 5% B AN 2k i 3 s 8 T 10.37%, i
LN 4.7%, XU TEH A A T ied
M PG, S 3 BT B AT G 7 A G e %
WESHAR L, T8 2 19 I 1) 20 5 1 3 2 w8 T R UM L
R R,

0.8F 1100
180 §
0.6 :
> =
. 160 E
S 04f =y
S 120 £
> : 3
02r /.. Without magnetic field © 120 §
o Rotating combination magnetic field Q?
0.0 —o— Static combination magnetic field 0
"0 50 100 150 200 250 300

Current density/(mA~cm"2)

P 4[] B 1 21 0T ARt L vt ) 45 1 il £ 5 ) R o
JBE £k 1) 52 1
Fig. 4 Effects of magnet with homopolarity on polarization

and power density curves in a PEM fuel cell

2.3 BREAAHIGY PEM SR 8Bt T1E

14 B8 B 2 M

SRR A BRI NS B A B HES, AL RE K
FEARR L 1 SO, SEE I R T A R 3
RS Ak 4 A W S RN 28 B S M A
% 3 FOIRZE T BYF B R PEM 8 ) el 3 114 4% 4k
LR N Tl R W L B S B S AR g 3
BRI ERE RN 81.51 mW -om?, 4% & 245 5 1 ¢
20 A W B B R Ty 235 B 3 1 2] 93.25 mW -em?,
T2 A S W R A B R S B B K T R
98.85 mW -cm™. JARLH 1 i 2 i A5 G 3 LA in
Yt O R B R T 11.70%. 2565 0 2 A R k) R

RGeS G REHE — A B R A
R Tt A L R, R R ) AR H AN I S
P05 T 21.27%. BFFERRRL A i ro Al i 2R B, Y
AN B RE T 0 A S W I e e 52 A
% 3 FORA TS PEM #ORE 1t (9 B A it 2R 5 /Y
2 F (E AR UCZ B s/ 0 | 3% BEIT PEM ABHLE AH (7] )
Bt R R A4 B 1 B 75 W e, in 28 e e
(0 5 B P 4B WG B v T PEM #0RE R Tt A9 LR
e

B3 = 5 o 1RGN 3R e AR b B4
H 3 B DA AR OB LT T AR YRR E M B AT
RAF BCR . WS A B, 08 AL Tt T AR VR RE 048 &
S G B A OG0 T ARG A AR
BRI WG S AR AR, B TR R A
S H A DX R b i AR, D TR AR TR 2
T 573 AR50 T ARG 28 50 23 A ) T 1 7 48 v A v
T A 2y 458 R /N — 2[R W 3 6 R
MW TAEPERER R S G RR A 5%, ilR kA&
T 573 WO B 2 b B R T RV R PR 2L 5 W 3, IR e, T4
P BE S8 9 HOR BRI RS T B 5 X R R
R T AR PEREAR s T B3, W e e R 5
Yy WA % X TR S mE G (IR w7 ) | e %
FEAE R R/ | T TR AR AL R 1 R,
HESWAENHE G0, Bess st — 23R w2
24 HBRRIEES PEM BE B M T/EH

CIRIEN SN 7 7DUE T =T v SRR U

100

0.8F ¢ —
3 —
b 180 g
> 0.6f E
S 160 =
£ =y
S 2
> 04+ {40 8
| 5
--o--- Without magnetic fiefd 3
---o--- Rotating combination magnetic fi<ld  12() a

0.2} —o— Static combination maghetic field

0 50 100 150 200 250 300 350
Current density/(mA-cm”)

5 SRR 2L 7 B R R F A A il 2 S D) R
JEE i 2k
Fig. 5 Effects of magnet with heteropolarity on polarization

and power density curves in a PEM fuel cell



<192 -

W

1

'Ejé 2018 4F

F, JUILTRT LU Hh e 5 w3 %o 1% Rk v by T4 1 g
Y52 . BT R HTIEL 2B i 7 18 S M 2 6 i
kG, ArHILA O remin 15 r-min™ .30 r-min™ .60
remin’ 1% HUNE G Gk LSRG 3 5 PEM A ELHL
WTAEMERERY G R . H L 6 AT BRRLH I 7E A [F]
AR T B K35 B2 43 i) 02 93.25 mW -ecm?,
95.61 mW -cm?.98.85 mW -cm?.95.76 mW -cm™
MR a2k nl L& B, 15 r-min® 30 r-min’,
60 r-min” B 5 SN, S E ST E A LR
ke Tt 1 DR S T 2.53%.6.01% .2.69%.
AU Y PR AR Y N Bl B 0 38, w5 3%
X AR RE FEL b PR 1 AR T B 40 P AR 8 i 4 5
16 3 W 5% M RO 3 i B2 5, 7 30 remin A 2 e K
B, BEHHHEE P8R, RSk T /i 1E
FH, B S Ak 22 16 ORE Ha L %) 1 g s T 25 8 T T
W AEAR SIS Z T G LA 30 remin F) 5 AR
AT BBt R DL SRAS S Ak ) TAEPEBE.

3 & it

3 Ak E AR R L 3 0 2 A R T A T e
RET MR . RIRCE A 5 05 DL S
NG kY S RE S X PEM A RE L it T4 14 BE A6
S AR 4598 .

D)AMINwE s 1R RE R T ) AR PR RE WS
WG5S, W5 5 w7 58 MG 6 A
K B BEE TR PR 2H & 1l 5 0 S R PR B G
a1 B e R ORE H Yt Y R K 2 EE % 10.29%
5.67% .11.70%.

2) 1 Sy Jié 2 BT LA — 20 i JORE F b 1) TAR
PERE, ORE L L D R R R S R S

100
0.8 G
80 g
\’\'-\.; 5 ] B
> 0.6 .9 £
Q S B
%D 160 %‘
= ! 5
> 0.4 // —>—0rmin’ DA, ; o
/ 777777 15 .-l \ \ T 40 S
r-min ' \ 3
<ot 30 rmin” A== N\ o
02F === 60 rmin’ b \ 120 =

0 100 200 300

Current density/(mA-cm'z)

6 AN [7) e S R A A L vl 10 B Al T 2 5 D %% it 2
Fig. 6 Polarization and power density curves measured in a

PEM fuel cell under different revolution speeds

PETA O, 065 53 A A8 AR e 7 7 A= 1 80 R
U X FRE AR AR A #E S R i e =
W R A Yy, N 2RE % 1 S Lo in 2 25 1 S et
SR F Tt 0 T R B K 9.57% , T % TG
3 A MR 35 SY W AR Y b6 B G Y TERE A e R
FRAS T4 B T R H Tt i T R T 1194.10%.

3) W gy o SR Ak F it i 4 R % 1 R v R
SR A O, #3415 r-min” 30 r-min” .60
remin B, PR} H Tt 1) T R B R A L S W 3 E
— T} 2.53% .6.01% .2.69%.

5 % 3 i (References) :

[1] Hou M(f ™), Yi B L(4 = i ). Progress and perspective
of fuel cell technology[J]. Journal of Electrochemistry (F
1k2£), 2012, 18(1): 1-13.

[2] Kloess J P, Wang X, Liu J, et al. Investigation of bio-in-

spired flow channel designs for bipolar plates in proton ex-

change membrane fuel cells[J]. Journal of Power Sources,

2009, 188(1): 132-140.

[3] Li S(% %), Zhou F(JH 7F), Chen L(Bf ##), et al. Dynamic
simulation of oxygen reduction reaction INPT/C electrode
for proton exchange membrane fuel cells[J]. Journal of
Electrochemistry(H1 1£ %) , 2016, 22(2): 129-134.

[4] Chen S Z(Bfi =+ i), Liu J(XI {&), Chen N(F: ), et al. Re-
search status on flow field of PEM fuel cell[J]. Renewable
Energy Resources( Al #F4E fig i), 2014, 32(12): 1908-1916.

[5] Sun J(#ME), Guo H(ZB#E), Chen S Z(Bfi -+ i&), et al. Ex-
perimental analysis of operating performance of PEM fuel
cell(I)—effect of temperature on performance of PEM fuel
cell[J]. Journal of Shenyang Jianzhu University (Natural
Science)(Th B # 5 K % 24 e (B SR 22 R)), 2006, 22(3):
518-523.

[6] Wang W D(E %), Chen S(Bf52), Wu F(R4%). Effects
of temperature, pressure and humidity on the performance
of proton exchange membrane fuel cells[J]. Energy Re-
search and Information(BE ¥ WF 58 5 15 5.), 2003, 19(1):
39-46.

[7] Cai J(34%%), Wang L(F 57.), Wu P(3F). Experimental re-
search on oxygen enrichment using gradient magnetic
field [J]. Journal of University of Science and Technology
Beijing(dt 5 B} 4% K24 24 417), 2006, 28(11): 1058-1063.

[8] Monzon L M, Coey J M. Magnetic field in electrochem-

istry: The Kelvin force. A mini-review[J]. Electrochemistry

Communications, 2014, 42(5): 42-45.

[91 M onzon L M, Coey J M. Magnetic field in electrochem-
istry: The Lorentz force. A mini-review[J]. Electrochemistry
Communications, 2014, 42(5): 38-41.



%5 2 3] S SE A W 708 5T S A AR HL Tt T AR RE A S 193 .

=

[10] Matsushima H, Lida T, Fukunaka Y. PEMFC performance magnetic field on the oxygen reduction reaction and its
in a magnetic field[J]. Fuel Cells, 2008, 8(1): 33-36. application in polymer electrolyte membrane fuel cells[J].
[11] Okada T, Wakayama N , Wang L, et al. The effect of Electrochimica Acta, 2003, 48(5): 531-539.

Effects of Rotating Magnetic Fields on PEM Fuel Cell Performance

WU Mao-liang’, WANG En-ze, PAN Guang-de, LIU Zhong-jun, XIE Fei
(College of Energy and Mechanical Engineering, Shanghai University of Electric Power, Shanghai, 200090)

Abstract: Proton Exchange Membrane (PEM) fuel cell performance may be improved by application of additional magnetic
fields. In this work, one square permanent magnet, made of either 16 combination cylinder magnets with homopolarity or 16 com-
bination cylinder magnets with heteropolarity, was exerted on the fuel cell surface to produce additional magnetic field affecting
PEM fuel cell performance. The influences of magnetic field status (rotating, static and none) on polarization and power density
curves measured in a PEM fuel cell were investigated. The results verified the benefit of magnetic field, proving that the magnetic
field distribution could improve the fuel cell output. Especially, the rotating combination magnet with heteropolarity enlarged the
power density by 21.27%, which has advantage to the static magnetic field of 11.70% enhancement. Finally, the rotating speed was
related to the fuel cell output power. High rotating speed was beneficial to the performance improvement, and the maximum power

density was obtained at 30 r-min. However, the performance became worse upon further acceleration.

Key words: PEM fuel cell; rotating magnetic field; rotating speed; performance
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