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Status and Development Trend of PEMFC Flow Channel Structure

LIANG Fengli, WEN Ranran, MAQO Junkui, HE Zhenzong, WANG Renting
(College of Energy and Power Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract:Proton exchange membrane fuel cel(PEMFC) is considered as the most promising power source for
improving the endurance of small unmanned aerial vehicles, and it is also one of the future development
directions of green aviation. Its performance determines the mission capabilities of unmanned aerial vehicles.
The bipolar plate is a key component in PEMFC, and the flow channel structure in the bipolar plate also
determines the water and heat management, mass transport and current density distribution of PEMFC, which
profoundly affects the overall performance of the fuel cell. Different structures have their own advantages and
disadvantages. In order to provide important guidance for channel design and improvement under different
application backgrounds, we need to fully understand the effect of channel structures on fuel cell’s performance.
Therefore, in this paper, the existing conventional and new bipolar channel structures are summarized and the
influence of different channel structure characteristics on PEMFC performance is also analyzed. In addition,
this paper explores the efficient channel structure design scheme, including the cross-section shape, length and
number, width and baffle position and so on, to enhance the performance of PEMFC.
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3. Side liquid-guide plate 4. Middle liquid-guide plate
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Fig.14 Schematic diagram of flow channel structure™’
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Fig.16 Cross-sectional schematic diagram of PEMFC"™
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(Single serpentine channel)
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Fig.18 Serpentine flow channel designed with conical

channel™
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Fig.22 Neutron images of average liquid water thickness distribution in single-channel, double-channel and four-channel ser-

pentine flow channels under two constant currents operation for 10 min'®’
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long and short interdigitated flow channels™

B 0 B3 R I 8585 B O 53 39l K 33.9 %0 A 12.7 % .
ME R DLE H, KAf e i R EA D (/L. =
102, Hop LA M B ) Al B (/L. =90%)
DX 285 v A ) TR R AP AE AN K Y R A e
A7 8 B T X I DA Bl A R A R A 4 I AR
AR BE I B AE AR AR — SR BRI . A R A T
T X 3 A s X L K B 8 9 T AR R S
JU R R O X (/L= 5020 ) 18 29 20 % , 45 4k
Fi A T A X 28 A0 6 i A s S R T
TFWAKE LB T PEMFC B, £ g il
T 48 B L JE VT I SR AT U E B T N % i E A
KB b o B AR I 45 20 30 9 4 B EL X I T M RE ek
H A F

Cooper %5 [ifi J5 76 HL i % £ 0 0.6 Acm * )
TEOLT  HE— 25058 T 30/ 1) 38 3 K 9 H 5 A 45 7
i PEMFC M BB 3% Z R 56 R o 45 R WK
K B LU A A e A AR AR TR K ST e ik it A
738 3 AR AR S L 5K T8 B R TE AR L
o K B8 L I R KRR B 0 (&1 28) o ik B B W
UG R A K T8 L R AR WA K B K BRI
AP BB O 1 R B N 25 A SRR B A S A T
THAE . TR A 35 5 800 M ek B B
F S50 v I R L B s P RE G L A

(a) High aspect ratio

A th
] ]
(b) Low aspect ratio

B 28 K 8 LE S K BE A S B D T R A K 4 A
F18

Fig.28 Water distribution images of neutron radiography in

interdigitated flow channel with high aspect ratio

and low aspect ratio”™

W A KR R K T8 L U A PR AR R K 1 R A
BT I 3 TE B R ) A BE B L, Kerkoub 457 i
17 = HBUE AL 53 B T H X PEMFEC 4 g f1 5
AL I S o RIS T OB A 1 A 4 B i
6 Fh it 18 5 AR 19 BE B 2 [ (0.25~2.66) . 5 4
W AE R TAEHRET , 58 ot T st v e JL T ¥
SR . MR, FEAI R R I B B RN B B R b X
F, b 5 I AR R 4 KT Al 1 B R8N i 3 Y
JE T e B PR R . IR A R AR E S ) T 2
n = 0.25. W/NGIE 5 M0 58 B 2 B h Al T
J5 (R I, A R ) A HL T 1 AT A T AR g
g b 43 A, AT A5 380 247 50 B9 F %5 B AT RN B 4
) H b PR BE L AL 29 BT R o A% SE BT S e X i TE
7 AR L x4 45 B 3 3 PEME C 1 B 5% Wi 59 WF 92
BT RRIMEE S . N T 3 — 25058 8 I iE 98
AR 58 B 22 b, i E B E P E 1 C R | Cooper
SRR R R AR SR 1R R A S IS T IR IE /D
M G i b R I 3 VR B T R TR RE RS 45 R R
B, X T 43 5 R 1.5.2.0 Al BH AR AR AR , 4
ARGV REENIEK I EARZA R 04 mm, B
SR, RV T X A 4 O T A 00 Ak BT A X e
ide T E S5 VR — R 5 T ELEBE T DL
ORI A T OGS B R I , AR AT R A T 2R R A A 5
TR HE R

0.9 —n—7=0.25
—o— 7=0.43
08} —a— 11=0.66
—v— 7=1.00
> 0.7+ ——n=1.50
i —a— =2.66
06}
S 2\
0.5} \‘\\v
*,
04l \\\
4
03 :

0.0 0.5 1.0 1.5 2.0 25 3.0
Current density / (A * cm”)

20 AT AR [l B 5 9 E e 0 22
Fig.29 Polarization curves with different channel-to-rib

width ratios”

1.4 REEBITAERMEDTLE

AR T 45 48 YA AL B S 38 T TR [E] Y
WIT R . 2 H bR TR 58 H MU AS R 4548 1Y
PEREARFIE , R i T35 7 4 Bh T AR ST 0 18 45 )
B ER AR AR A1, AR 6 N [ 8 R I S5 A HEAT T R
X0 e WE 9T AR #2045 T 0 i 45 A ) 1 B L
Hsieh 4% 75 N [5] #4285 (B VR LB | BH A% 8 3
BT BRIE T 3 FhH BB AR 37 18 45 44 XF PEM -
FCPEREM S, an el 30 frm . IR R W, HA X
S 3T S5 R 0 BR R FRL Tt X S [R] R BE N T R B 1 B



490 Mow b

PNV S

i 53 4%

Wi o7 AR AL . HErh ORI 1 AR Rl MEA A 2%
T AR R B I d /0N, 4 98 B Ol L HR S5 H A
H AR ERE . SRR R A T E R TR
M2 PR 22 BHLP 0 £ 3 3 18 11 TR AL DU HES) B3
PR A 5 52 1 S8 A0 L™ A — R AT R il R
BEARI S R 7 A5 R BT B (R R R 22
B Sy e A i R A o A AN 2 ) RO R A A
2 78 43 A, 5 e AR . Kahraman 4671 (1
WEFEAH I T 2RI A8, 1 X FP 3 3 1 %
[Fa) ALl 2 J52 7 0 3 i ) A1 A 249 33 5 T B N
O3 AT AN P R B A AR B TR R Ol T G
OY AT A B B, Guo SFUIF R T B T M 4K
PEMF C bR U 3 10 AL AL R i ARG AL 5031 FE L
SRS BAE @ A TERE . BR 1 E LSRR
0 AL L Atyabi 858538 B2 1T — i B AL S0OIR R
Yy, i 52 R — 2 75 T8 P A LU 3 4 75U AE
PEMFC B9 B 1 it 38 4b 8 4 1 — 2 41 47 Fl iR e
AR A R R R B A A R T BRI
BE TS 53 A B 2 S

Li 8810 B A A7 3 1 A g T8 3t 3 /9 PEM -
FCHEAT T RBUEMT S, B S5 A W 31 s o ]
(GRNEC NI (o AT ) B B REPE S SR S B S B
AE (PR BE o R o X T AT E (Z 98 ) B R

(a) Interdigitated channel

(b) Punctate flow field

I o= 10 S0 Y (10 L A S N € o= N W S O
JEE R JR) 0 HL I B O 0 JE AN ) o A I L 3 2
FEE B 0 KRR R b B M BE R . LR )
ORI, AT (Z ) B 400 43 BUE e R R
Pt T 90 IX 3422 30 2, I s DA 3 3 1 s A
PR 2 B SRR AN JE DA I R Ak SN B T R
I QIR N O RTL o N=NY = 8 e = R ]
THEAL R A 5 AT ZOF FH T R AL R b 1 R L 5 L
TSI g 1 Ak A R TR 5 | A IR A3 A AN 3
5723 5 M SRR EL S 1 P

Lakshminarayanan %5 #JF 57 1 g JE Al i 45 7Y
i PEMFC MbERE 2 5. 45 SRR W - 4l 45 AL i i
TCE TEBUE B P & 7E SC 00 b fi i D 3R 8
BT . Sousa %@L T PEMFC Y = 4
SRR I AT T SRS R H T 4R
Ivi) B 37 0 5 A (SF-AT 3 OO0 G M TR T I 4R
T3 A8 AN SR B3 ) M PEBE YR e . 25 SRR A
BRI IE PEMFC BA fm D il o B2 |
TS AR, RS A ok . L
T YA by S B SRRk v St 2 5 114 L FH 7 58 34 T 2 3F
— ST o B Tajiri %5 %) 4 35 &L 3 P %
FBIALERHBEAT T SCHAESE, AN 32 R o SRR
Ji 5 AL A AR F T ACSGE BT GDL X AR

(c) Multi-channel serpentine flow channel

B30 S AR B JLAR 2544 152 31
Fig.30 Geometric structure design of the bipolar plate *”

(a) Parallel channel (Z type)

RRRARARARN

(b) Serpentine channel

(c) Parallel channel

Pl 31 L i 2 7 T

Fig.31 Schematic diagrams of channel structures'™

5]



5 4 3]

TEJRVEN , % - PEMF C 3 18 45 4 0F 50 UK Sk e i 3 491

F X BE A AT R HEBR 97 U2 RS K, B 1k K
IR A (EL R O AR 3 B R A 7E GDL
JE R T 1) L A 3 3 ) F S, a8 i GDLJE JEE T [l
TR A o7 i A AT SRR T R A 4
TE Al I R R G T 9 B AR K, X S g
Ui A R R BEAR T AL TR Ty o Al A B A HL
UL T RO AE A GE 955 58 5 A GDL 2
MBEREMREK, 2FEOCRMEMERATRE . 71—
7 T JR A A i R R AR S AR R PR RE T A
WA H LI L 402 PEMEF C #2415 4% 1022 SRk 28 4%
F18 97 28072 e B A PR o 7 DU 20 2% 3 SE X I 2
WA O Y S . LA R B Y R IR L it S
B SR ZE MW IE AT L, B AT B W] 8 5 22 i B 2

M) )7

—lp
d Diffusive transport

.................. -
Convective transport

Diffusive transport

(b) Interdigitated flow channel
132 ANIm) 28 AL I8 22 ) Y 48 A% i B Ol 2 i)
e

Fig.32 Comparison of oxygen transport mechanisms (con-

vection or diffusion) between different flow chan-

nels®

XU AR 3L T8 1 13 T2 = A PEMEC B & b i
SR T AR, R R T R LR 0 1 22 AL A Y AR
R AN O =W W o I RS o ) 1 N e
JIT B B 0 A Bh R B, de T R e Y R G 25
4 3¢ B LS4 3 T R SR A 3 A 00 R B,
/S (W EOR5 0 D S O 11 = e W
vk, F TR SR T RN W AE AR R BRI A1 a0 A
SR, 358 18 ) S I AR R [ — T A R 3 Bk
B, 5 —mE T B R W IIRE .
X T 4 4 Y 90 K 15, ok e 04 I Bl B O BRI T
RGO R AT A AR S R
BT N W MEA (94 2803 10 B4 A A
By RO BEAR T Ak 27 SR &% % T PEMFC M RE
{FLTRY B A8 AR 1 86 R B 1 152 T T LA AU i 3

AR I B AR AR H v P B TR R T, T A R T R
P b A 7 ol Ak IO

GAOKE MBS SEURAL IR

(1) 5 I8 A% S SRR Al fie 5 FH 1 R 8 v o 3 3
T, Al A5 T IR PTR E RR P b 52 AT o R v
S R T A R N = A TR T R K (1 25
B R AR R E P B TR R i 4 v o TR A A
PR AT R S B A R T vk A TR A R
Jr By BE , R 43 7 B R FH 3 T L SRR O e
FeA R ARRCR A W2 H 2 3 B0 B IR O .
PR ER TR LSRR IR N = AW AT T 2 G P SN =:s
7K B v LR AT N A O Ak SRk R H R R TR 28
T 114 2 AR X R

(2) BRPSHE B R UL, R 2B REW T
PGS A B I B FE AL TR G AR, 3
KSR GDL 235 AL 2, X 3 7 %
A R A B TR RE  (H R BE R R R, AR
HL ot P R PR BE TR . AN, 5 PSR T AR
P T 7R Y BA O 2 A W A e N G e] 7E R
Rl 2 aT 4R TS A R KW E s 1T i
i A R W e oA of T L AIF AR

(3) 7 38 T8 K B 030 3 R 1A, K A 3 T
S TE A AR B 2 R AR T R R 25 X SRR I T
XF i AR L i PEBE . S 40 LA B R AR K
o 45 22 A7 3 8 B0 Y T AE BT B K g AR
3 A Bl D SF- 47 30 T B A T E EL A Y R
Yoy o AHJE R T4 A 550 PEMEC i B Ak 2
BORT , 2504 MAE R 00 IF R b T B 45 B8 1T
SAFHEAT W .

(4) P8 5 Bh AR Y B8 5 L O T, X O AT R
I, TE R G, SR HUZ 5 R N ) Z 8
F2 o TR R AR E T RN ) 1 AR IR A
FUJZ e i 8. (R T A7 AE B X R 0 e T TR
A5, 2 B PEMFC H B BR K RE S T . R,
8 R B Al T R RT LA SR A, MEA B 34 5 T L
T AR A 8 2 WU AR o 5 A1, K 22 Bk 9 S A
FE ARy 1.5 I (Gl 38 98 B2 /) 96 =1.5) PEMFC 3
R AErEne . L EE T it M PEMFC H
b 25 ¥ 2 500 By ) 0F 5% 2 oK R T 3 55 1) Al 1 g
FE 7 T A S M B I W 2 —

2 HBRE

S FATR R WL ST B e Y U A R
R E S R AEIT 45 5 R 0 H I A A A
U 0 O B, R i S 45 R — Ty T R Y $E T
AAERRE 7 — It RE I T B 1 21T S 80



492 o

N

2O =

PPN %53 %

SRR L AROR 25 7 AR A BLOP JE B R L R T —
RO IE I AR S S . R, X E
Al T Y 3 PR R X e S R ] SR 2% (1T A G
Fo O VAT U E B A B Y P BT L s 20 Bl
RGEAET A B 0 It 2 A 0 AN BB A A5 b R 4 R
BoK o Iy — T AR 22 B A AE AN W T 2 o AL i i
S5H a0 T 05 2B 2 0 05 2B T IR BE U 1 A1 3D I
A, B AE S HR A8 ) B S AR R B R R 4 38 50 gy
A DA R o v Pk e A O TR RO T A R AL I g A
A LR BT 1Y 3D P iE BB AR, B BE S AL
& v Rt A BT A A () S R A 7KK R S P HE
L 2 H O S5 A S I AR
2.1 fFERE

AP0 H b WU Al It 1 7Y 2 fig = — B 2 43 TS
N IR L P 1V 20 R A AR AR T DL Rk e
BGX — D RE R S5 R o X ST [ AR A W Y T L
fl 254, W& 33 7R ik Bk R e Hop B 3R Y i
BN RS GR1= 1 o o | SN R b 1= I = £ s R <}
Bl 25 1 F AR AR DU /N R R R AL T B IR
FEor A Pk, TSR AE TR R E Y S
RAFRTHEE MOk 2 IR S B TR A
AR AP R P R BUR Al I T 5 A o

Daughter channel ~ Parent channel

(a) Fig leaf vein system

Daughter channel ~Parent channel

(b) Banana leaf vein system

P33 SR U s 4k g

Fig.33 Examples of natural flow structures™’

Kloess 267 $ H T —Fp DL B il Ry 52 J8 A
TiiB S5 AL, AR 34 .35 Fr R o BT T 4 Fh i
S5, BRI A8 A8 i A i R R T O AT T 8K
L ASE DU 2 58 05X, FH X R A 47 4 7R B g T
Ui (38~41 Pa) , 7 M 5 fili A1 3% 1 4R 15 1 S AIG
19 B (26~27 Pa) | 38 i SR Y 8UZ 09 <AL i
W5y, S IS A & B, 6 A [ 9 AR
SETT SR i A6 T ) Rk f b ) B AR
TR R A V(D) R AR T 30% .

=

Pl 34 A A 0 B i A gl
Fig.34

New bio-inspired leaf flow channel™’

==

B35 2R ke 70 i 78 g
Fig.35 New bio-inspired lung flow channel””

Ouellette %5 75 Fifl J5 ¥4 5 KL I 18 v 46 8 O 18
B ) R A AR A ) IR AT T A HLES A
RN IL ISR (S5 3 TR S B S R
AR 2 K V) A i DA T R I A7 4 A TE AR Ay BH R B
Hrxt M BE B9 52 W . AE T A A LA, T T A
CBRAR ) N5 B bR 25 40 174 47 48 3 (BRI AR ) i 4l &
TN SR AEVERE O ELAME AL )2 3 1 A 52 0 B ¥ 5 vk
SRt AT I A 33 U R 3K 1 A 9 T R K 3 3 1
TR . K 36 34 T AW n & UK S5 .
BIR Gl A I A 45 B AR B T T O T A A R Y R A
JE R AR 2t i B S I 4 B B F DA 11 9 )
I, SEOZEM 0 PEMFC PERE T . EMN%E S
A5 A Murray 5 H o0 JERE | 38 2 B0 pY o

Second generation daughter channel
First generaton daughter channel

GS

Parent chaithel

(a) Interdigitated flow channel

(b) Non-interdigitated flow channel
P36 kit SRR 46 1

Fig.36 Bio-inspired tree structure’™

(c) Serpentine flow channel



543

BT , 45 : PEME C it 18 45 F F 78 BUIR &2 % Jie o 3 493

TE AR A Bk S5 48, B3t T — R B A T S5
e #8 T H 5 R G b T O T R A K A B R . 45
SR A 2 BRI L A A T N R R /N R AR R K
(49 43 A BN 5) LS P R A

Trogadas 55" £ £t X fili B 3 18 14 #F — 25 BF 52
Hh & RIS FH Bl 0 4 DB JUART I 4R S e A B2 1 49
Sy AR GnEl 37 prows , NARER 4 I AH. #E
50% F175% AHXT R BT, &R T A A 0E B PEM-
FC(N=4) 1 Ge L T 1% e iy g B it i i 1, oo
RIS 4R T 25% F130% , =2 0 ) 43 A5
YIS Ve W s . fEERE DT N =3 M N =4 /9 i
SENAAC Y 5 T R a2 a7 N IR E DO U 32 < ol )
JE BB 43 M BEAR T 75% F1 5090, BEAR T RN 4
FERY D) R EER , (HTE i BE /K- (100%) R, N=5
18 O T8 1) M R B O AL, 22 40 S A G T rh s A
Y AR RS T AR TE Z AL B A T, R
FO A K ZBRA A

(a) 3D structure of lung-inspired flow field when N=4

(c)N
37  BAANFES B NS &

Fig.37 Pulmonary inspired flow channels with different

(b) N=3 (d) N=5

number of branches N

F 183 Z AL 4 B 45 #2801 T 2 2R ) 45 4
FIE, 61 40 VA 3 v AR I 4 BT LA AR TN 2 AL 4 TR T
HAG AR YRR E & . 24048 MR AL
Ak AR T R RE Y A R Can S e e S A ]
SAPE) T HAEFLBR A AL R ANS & LR
B AN RS T s R 2 B . BT
SO (PR BT, e AT 2 BTz 0 TR A A G
FR AL R AR S5 8, 75 PEMIFC % i ] £ %2
piig g R ORY N 7= Vs 09 5 [ k2 R Y B 1
g, A T b A R ROR A R T b T ) 3 43
#% 78 PEMFC i 21 Xt [ B SR A B 43 i 1 1
Mo B TPERTEGE LA R EED &
A AR Z B 506 HAE 8 PEMFC S K 43 B0 25 1 1
e # B AE PEMFC A4 i 4 18 38 fif s o

N
L‘ |
& ] \ Depth of chamber

Carbon paper+ (1 mm)

Bipolar/end plates G 5ot  MEA MPL  Metal foam

P38 <) UL TR A O I Ak 2 D % () PEMF C 7 B 1Y
Fig.38 Schematic diagram of PEMFC with metal foam as

flow distributor™"!

Tseng % il FH 4 J& ¥ 7K (1 39) 45 Jhy i 1 43
AL # XF PEMFC #5471 S5, JF 5 40 88 SO A it 1
) PEMFC SLe it b7 T X b, S5 %W T4
& A B R FLBR 2R (R 95 %) fin b 3 i 42 i Tk
PR RT3, T Bl B AR /N TR A A AN B A L
SR T AE - 7 LRI AR A OB AR 3 38 1 A T
BG4 19 PEM BT L b B S el o 2R B0 TR T
XT3 55 0 AR 1Y) B BE LG 0% 43 AT, SR A SR BN AR
EE MRS RE AR Z L 11, B, i ad il
T IR A AR ZE B R AR L E X D, S
Fom M RE N R LN, WK E B AE W A A
GDL FL i Bt BUR o 7K 4 )8 18 S T i o0 ic 4 L
ARG BN SRR B A A B A M ER R T A
g YL VR 1 2% T T ARAR K B b R o R R ok i — 25
R — A EEHR K

B39 < T oA o 0L 1

102]

€033 - 501000

Fig.39 Side view of metal foam'

4 Ja U TR R 1 A% T R PR ML T AR Y R T
VR i 43 BE 2% A B TR R & TR g AR 2 %
& JRIIKR T 09 PEMFC WKz B iU 7 A
B o dR 3T, Wu S5Ol o R BRI Y T &
JE LR 1 PEMEC K B iz i . g5 B3R,
>4 Rt TR AE (R H R B R (1 000 mA=em ™) B,
i I8 U BT A L, B T 4 R W IR U 3 ) PEM -



494 Mow b

PNV S

i 53 4%

FC HA T i 04 i b 7K B 7 DA T 35 59 1 K 43 A
BRYPRFEEB LRI T2 101%, 4
SR EA PR 4 R X 34 i 9 TR 3 3 vl TR K BE
a0 R A K BUER L H 2 AT L O Ak R
L Y T AR S5 R 8 i U TR TR 4 A A 92 iR K
RN L. TEEE R BT, K o 5 R AE AR
T, 3 s Tt HE K IR XE | &5 oK™ RN R S P RE AR
T o BRSO E T A BT 4 8 IR % PEM-
FC ¥ )it 2l it 8 v ff A% o 0 2 (R AR o0 45 R 3R 1T
5 VAT I A LY, YR A 3 r L F T A R Y HE
KA BE T34 43 S ARRE T, BIARAHE Ak 2 9 45 vk s i T
18, & T Bl Al A (H 4 JE I TR B 5 A
ARF T2 BB e e b 3 A 4 TR

Al DA EZ 3, 5 8 B 8 A L, 4 AR O 1A R
AT LA SE A 56 1 MR B4R T, 0 HLR TR R N W ¥ 5 4y
A TR P88 AV % 7 T A AR 5 G R B, T L IE ] 2% 7Y
TRIEZE R I KW 1 . IR R R 5 5 H A ik
THAH LB A 2 80 e ) e 25 PR RE S T, B Al iy A
FE AT B 22 M A o A I R A R AR b S —
J7 T, 3% # T AR K A5 B AE S 2= KO, il T
I \GDL R AE 5 78 45 25 S0k h AR AR ) il =
FL Tt 2 A2 P b A DAL I B o 3 2 XU A 15 o
LS L e AP RE (S R T4 R . IR Ah 4
P B B BB, B LB A e A A TS ok
AR 28 5 4 LA R AT T g 4 2 v Y ) R
2.2 MBERE

FEAL S It 1 A A4 e B R 48 A E
SRENLE 2 B — 2 2 L G AR AL Y 3D
P, S EORE A R B E R . N T BGE R SR
T Y i R UBE kil T R 0T DL 2
B

A — S 5 TSy O R 0 Y R
A R A R T A N A% L T i Ah R
R B TE AT LA R AR A A O B o B R R R R
Rodman il Trenc' "X A [ fH 5% 1% 12 37 18 & A7 461
RUEAT T LIHFIE o 45 F W, o245 il 18 op & A=
{18 0 T A FAAL AT — s AR 1 1

Jang 2107 5l ok K (E A 52 B BF 5T T EL A 12 e
i E LA IR R 9 PEMFC (R RE , JE 4 H 5 B i
JE VB A B R AT T AR, DAl A5 R A R 40 TR o
P A5 38 Al AT] & BT Y TR AT LA 2D R R | T
BF, B2 TE B AR TR GG X R T 2 A
TE PR AL T R S A O I Sk TR R L Tt Y
PR .

5% MR B 25 0L, Abdallah 2815 5 T — Fil
T (14 LA DB S A A S S8 40 AR R R Tt DA
T Uit 38 R AR I R (R L BT N = A T R i ) %ot

Serpentine channels

Anode-GDL Anode-GDL
.3 mm)

) \node-channel
i (1 mm)

Spiral channels

Anode-catalyst

| ‘Anode-catalyst
(0.000 5 mm)

(1(\)’{8‘;‘51’21‘:) (0.000 5 mm)

P40 BB g B 3 A Y £ AR R

Fig.40 Smulation model for both spiral and serpentine chan-

nels""”

T ) 1% % B8 R RE DA R H b RE B4 B2 i Gn &
AT o G5 R AH T T B9 AR JE A A, =
1TV A T I 5 0 N R SRR AR R
T SN 40 1 3, AT 8 588 1 s 7K ok e R I 4
(4 FE T A8 A T 1% F Tt M BB A 25 . Juarez-Ro-
bles 1 IF & T B A [F 0 B2 E 457 (1) PEMFC =
Y AR R A IR AR RS | LUBIF 5 A A0 X T
REMSE R . b 7] 2 B, DU 90 T8 A5 AR A 541K 1) T B
Y150 114 7 0 4 AT R R 2 O T LA AR RE
IF HLARAS T 0 A T i /R R A R A T R 5
(P 8 . Monsaf &"WF 58 T U TE - AR Y B H
Xof HL i P B 1) B L 2 B, AU AT 4 BIF 5 4 SR
UL B - T B L F R Ui E S GDL = ] 1 4 ik
T ARH K, PO A GDL Y R BRI 2 | R
Yo A R Y o WRE U TE R SR T R )
Sy AR ST PE o 2 BN ) DR T A TE A AR A
I DT P L A I S R R R A R T
M 5 R v P B . FE U 3E £ AR J7 T, Cheng
S5 RIS B P AR i A AR T R ERKCE
T B 308 G, T LA 25t 9 T e SR A A%

,',l-nﬁ

(a) Rectangle

(b) Trapezoid
B 41 3FhAS R B 58 4% T 0 3 A o)

Fig.41 Computational domains of three different research

(c) Triangle

sections™™!



543

BT , 45 : PEME C it 18 45 F F 78 BUIR &2 % Jie o 3 495

P T AR B 3 B R 40 A 2 X AT Y R E T
s T i B K ) R R . R, S AR
B AH B, BN IR 3 nT LA AT R A G B R 52Tl
Feo RN RE R 7 R EEAE AR BB 0 A B
W, W2E i 3 B AT AR Y R R R RE Y . R HE, 5
T 5 S o T R R A T B ) 1
FY I3 S 1l Y BB R A A
2.3 3DiFE

AH #88 F7E AU AR b L = 45 S T LAAT SR R AE
TRV 3D 3 3 R A SURNE ) % A = 45 (3D)
D A 18 9, B S — T B 99030 45 T 2
2 — SR A 7V . I R 26 3D W S A
S AT — B R AR L 3 4 7 TR 4 4
SR AT RS 2014 4R, H A HIR A
2 T 4fi 4 Ak Bl o % MIRAT” [ B 4 iy T —
FiRT 10 XA AR 25 K0 1% 1, B = 4 40 0 K 2 O
U S 0 42 B L B R
FAI A2 2 A8 A AN 1 1) b B A% i, O [ s A
A ZKODHE R HE U3 PEMFC He B B B 7K X
B RS SR e S R YA R
SARFE B8, T ARAE = 4 g R 45 7 h O e AT
SR B AR B2 TR S A
T)AR\g/ e\,
S
vy [\ Ey -
!E@ﬁéﬁ?ﬁﬂﬁ%ﬁ
gy
N\ AD

P42 440 RS

Fig.42 Three-dimensional fine mesh flow channe

s

Shen &5 HIBUE A LAY T L0581 3D il
PEMFC " 7K /9 i iz F11E BE 2 B, 25 4 4 141 43 Jir
N Gia Yy P R A3 A58l i 3D R iE i1
T T AT DAA RO 2% BRI AS K, 3R R R 1
AR T EBRW SR IF H 5% MU E ML, 3D i
Tt AT LA 5 5T A B RORL R L ) £ T RE T, B

Main channel Wy Transition area

Subchannel
F 43 3D i 4 s s
5]

Fig.43 Schematic diagram of 3D flow channel structure'"

e HAVERE R R SRR R .

3D Yt 38 AR I AR R Y BIF 5 AROS (R Tk 28
JiLiE i) PEMF C il 3 e B 30K 1 2 TAE R 245 8
FERSHL)Z T, SLE BOHE AR 2D o He 261045 AR 56 fn
R 52 AS [ 46 #2465 440 1% 3D 37 38 A4 32 S AL ER , 4n
P44 FToR R 258 e m i i B, r ik it
19 3D Yt iE 25 F B 6% W 3 4 i e R . SR
P B A L, R o 15°09 3D IR IE 4R T T 15%
(¥ T et o SO AR ] R A I TS
T AR X R AR b2 i b DA T AR R /NS
KEBR G, Wy HEABRN i i,
JINE A B I KA PR i, R TR A T K
T L o

Fl44 =4 gaE st n g E

Fig.44 Schematic diagram of 3D designed flow channel’

116]

X 3 AR T AL AR Y S AR A
AR TE S bAoA o 3 5)  SARALE T B hox
)2 R 8 A — 22 1 b 7 7 A 0% s S 6T 9 2850
i A5 50 2 1 SR RE HE A AL 2 & AR RO . R, 5
ORI A AH EE A DD ) AR AT R AR
T P SR TR, R 6 A A AR 2
B2 KB G HE A5 oK .

CEA UL, B B E B B R R e,
] Ak M BE PEMEFC B FITT &, BAE B K
1) W T o AHJE 545 SE Ui B L E, 45 H AR X A2
B T U R AR, TR O R ke 2 A T ek T2 R R S
SR -T 2 - e — R A ot fF 2 B b AL
TE R J RN A% O T

B A B 5 R G0 TE R IR Bl 3 1
JIE7R o AST) 38 25 0 i AR A B 1T 5 il s #R =k T
S G 0 A% T E R R L 1 B L RO, B AR
22 3 3o B (A ASE UL RN S 06 A 45 A 1O T B, DA A B
PEMFC I FrTE T & L. LA kE, Bl
e e S R IR € o S N 1 B W Y 11 R 81
I 43 A 150 5 FLUUS IS A e A e Bl 3 i
T 5 P R U L R VS K R RE T R AR R T
Y AG itk . HART S R A B RS T
FEREA T T DX S0 3 Bk 2h i R 1 40, o o



496 [ =S S NI S

F1 FRREFEETZ BERRSE

Table 1 Advantages and disadvantages of different channel designs

i 53 4%

RS Vo Bt VBB
- G B L 3 e
A S I B S KW T 5
R B R A
2»‘*‘%‘ J;]]él .‘ti— ; //:“b s
I i 1A 2T K K BRBE T R B4 50 18 5 9 LI e
SUSET SR I
R A P W 5 0 T S B2
SR I R 535 7 2 1 4 0 A 4 5K R A 51 e R 1 4
TR R s S ¥ 43 A5 24 %) 5
i 0 1 '*Tgﬁbﬁ - S K 5 1 s A 2
iy T4 He
e A 1 P 3 B 5% K R B R
3D i il SR 50K eI A i A A 25 D DA

FT IR TE A5 8 3 K )y AR R g T8 AR o A B A
B 5 Ui AE TE R R B0, 3R TR S T BUZ 2 1H
) 22 fl T B, ST R 2 AR EL R R R
REARR T B L0 40 AT ) AN 17 50 P 5 o O A A v O 1 2
P TE BN X35 1 S 7 4 B s ) $E T T ERE . £
A B WS iR LA A% b AR A ) CLL % B2 02 4 4t 1, 3
S T G AL H R R TR K B R AIG
T ARG TR, HEY I BT RS E £ 4 i 1
SRR B R T RON, AR A, B T ORRRL R R
I 1 BN SR A i, B s S bR TS K . R
X B i 52 BT SR AR AL B H Y L B B Y
PEMFC #i M 58 Fl 2R G0 14 2 2P s feoE v e
E B SR o A I A S5 4% TR it
(BT 92 7% % BT H PEMFC AR 77 A BR ) DA T A
LA TN .

3 mMESEMMREE

MK R I S5 T 5T T LA Y, BRIV 2 AH [ B9
U3 45 R A A [R) T A 260 R A nl e 7 2R A A 1 45
S PRI, 2R AT XU B AL I 45 4 9 B3 i — > E B
PR i = Rk F Tt 2 P R A A R s AL
H1 TR 2 B0 R R A SCHK T 5 #8 08HHTAS [A] 4 FL 3k
A () an CL 3¢ GDL) R KA [F] 9 AR 2504 W58

SUARME A SCRR AT 52 Fb 0 de 87 ORIt
VB S T 1] & 3K 19 PEMEF C it 18 45 1 0F 55 % 2 H B
PR5E SCH LTI AR AL IR A 8 SEAT B 47 Ml o o
(4 $18 PEMFC B i 8l R A5 U W . €
SCH A L nT A B 5 R B AR T PR A R R A
T HBT R B 45 R 1 PERE

I3 Ah 8B B GE PRy K 8 B 5T A X R
A, M TR R T R 3 L R R A R Y [
T B G AR R B AT ST A R Ak S AR CFD 7 ik
PEAT R . P, 2 Bk — 2D HE SR BB 5 T AR
5 25 08 WA K B I TR A A S B

CEFD s, LA K ST 40 A 450 80 36 3F 7 5 AL 1
S5 F 5T T T L o - AR B XA S E Y
B M (0 3 A0 b T S £k RORE | R I I
(Current distribution mapping, CDM) | H, 1k 2= [
Pt 3% (Electrochemical impedance spectroscopy,
EIS) % Jo it 9 2 30 B R, 3k — 25 42 4l 3D Wi i 45
T BT T BRI S R
T3 B it 18 A 5 b i AR A AE 2 7 R I i
L R R A L AT AR X R —
FE bW AR RO TAE R RIS R A B W
file LA K B B A R, BI45 45 T CDM
L 7R 1

(c) Fuel cell hardware
P45 Rk At CDM I k5 4 Y

Fig.45 Actual pictures of fuel cell CDM measurement ">

A R R A 45 4 B A BT T 38 o R O T 4
FOT T B 2508 B 22 R WY, 45 Ff it 1 359 FLA 34 A B
W B e 4, R TR SR T Rl S 2 A AR R R AR % o A
W, R S DAL TR 5K O 5 1] I 18 75 18 4% U 3 45 4
P Y B i B 0 G PR AT AT R0 AR S e
B S Rk R — A R B Uy X AR
B DR P AR S 0 LAV BT i B A 5
A B A P SRR R b A S B A 3 Y R



5 4 3]

TEJRVEN , % - PEMF C 3 18 45 4 0F 50 UK Sk e i 3 497

Ao e L, BT DLJ& KN [A) 38 28 R iy 4l
B N A1 B Y =7 N 15 i = 1 O O 4 S SR
S, 3K P AL AR DL T 4 25 ) BE A BR B R R
THAALAE {4 F0 3D 4T BN il 3 B AR 1) & e Ko
K, PEMFC it 1 45 1 55 0] fig 2 1) RO~ RS %5 16 &
SER = AR ARIY O 1) R R IS AT TE R S
fIE /4 B 25 O 0] RE Gk B PEMEC #% 20k g6 09 B
PR IR N R BT T 450 T T 4 A
g T H A S| AT A 5 2 PEMFC i i 45 14
(2 Hbs AL 535, PLSE 3 PEMEFC i 38 25 44
Wit v R B

4 & i

ALELRIR T BP i il 4589 %F PEMFC 1 6E 1 5%
M, 3F 38 T RURR Al 9 2 AR I 45 T RO AR 97 3 45
RO AR T B 0 200 2 ) — S R e S0, ) n i i
P B S RO P AR A T A BT T X e
W MR UL T A5 B T 5 AL BT A A S R T
R OCR . R RW, i Pk RE 5 T Y
UL B S5 KE) B A A DG BT AT DA DR 0 3 T A 3L
e B A T 45 R SR fife DR FL b M R A O A — 2B Bk SRR
PRI o 38 BB G HLAT 8800 SO Al L AT 35231, AT
DU N B K A8 BN 35 50 19 s I 40 3 A S AN H
S0 B I 43 A S MR, K 8 [] BUANA E T R AR
W PERE LA AT LA AV R R A ZH 0 A AL A
J3, DT SE A FE it 1) e P A o PRI, 3 Y
S5 T LA R0k R R Y M R A s AT AR E ML T
IAf AV R b A R ) K A T LA s R O % B B AT Y
SRR R th 06 20T LA R A A XA AR L ART 25 4 . FE SR
Rk FEL L T T 5 1) R Ok B A 9 I e SR v, AN [ BURN Al
Uit B 45 H % PEMFE C 1 R A3 AN [ ) 52 ), 3% 26 52 1)
AR LY X T AR T B A EARE [ SR
TR M A FEA AT R o Rt N5 2 8k
TEROE AR G Ff B2 Hh &, T T S5 A B BT R — A
R Rt KBRS T R b 4 Ty SRR A A T R AR AR 1Y
Z HbrUrEAE A A A8 AT 3k 2 PEMFC K
RO MG 1T B B TR T 1) R O Y 3 3 45 4
T B TR B A A5 A T LR AR B
X

S E Wk

[1] FINN R L, WRIGHT D. Unmanned aircraft sys-
tems: Surveillance, ethics and privacy in civil applica-
tions[J]. Computer Law &. Security Review, 2012,
28(2): 184-194.

(2] BHG, Wik, XUFD, % OB b TC ABLER JE M
KEEHARDHLT]. HOR S FEAR, 2018(1) @ 65-71.

[4]

[5]

[6]

[7]

[8]

[9]

[12]

DATI Yueling, HE Yuntao, LIU Li, et al. Develop-
ment of fuel cell UAV and analysis of key technolo-
gy[J]. Tactical Missile Technology, 2018(1): 65-71.
BRADLEY T H, MOFFITT B A, FULLER T F,
et al. Comparison of design methods for fuel-cell-pow-
ered unmanned aerial vehicles[ J]. Journal of Aircraft,
2015, 46(6): 1945-1956.

KANG K, PARK S, CHO S O, et al. Development
of lightweight 200-W direct methanol fuel cell system
for unmanned aerial vehicle applications and flight dem-
onstration[ J|. Fuel Cells, 2014, 14(5): 694-700.
WATERS D F, CADOU C P. Engine-integrated sol-
id oxide fuel cells for efficient electrical power genera-
tion on aircraft[ J]. Journal of Power Sources, 2015,
284: 588-605.

GONG A, VERSTRAETE D. Fuel cell propulsion
in small fixed-wing unmanned aerial vehicles: Current
status and research needs[J]. International Journal of
Hydrogen Energy, 2017, 42(33): 21311-21333.
SWIDER-LYONS K E, MACKRELL J A, RODG~
ERS J A, et al. Hydrogen fule cell propulsion for long
endurance small UVAs[C]//Proceedings of AIAA
Centennial of Naval Aviation Forum “100 Years of
Achievement and Progress”. Virginia Beach, VA:
ATAA, 2011:ATAA 2011-6975.

STROMAN R O, SCHUETTE M W, SWIDER-
LYONS K, et al. Liquid hydrogen fuel system design
and demonstration in a small long endurance air vehi-
cle[J]. International Journal of Hydrogen Energy,
2014, 39(21): 11279-11290.

LEE B, PARK P, KIM C. Power managements of a
hybrid electric propulsion system powered by solar
cells, fuel cells, and batteries for UAVs[M]. [S.1.]:
Springer Netherlands, 2015: 495-524.
LAPENA-REY N, BLANCO J A, FERREYRA E,
et al. A fuel cell powered unmanned aerial vehicle for
low altitude surveillance missions[J]. International
Journal of Hydrogen Energy, 2017, 42(10) : 6926-
6940.

DAS P K, LI X, LIU Z S. Analysis of liquid water
transport in cathode catalyst layer of PEM fuel
cells[J]. International Journal of Hydrogen Energy,
2010, 35(6): 2403-2416.

SONG C E, PARK Y S. Improved catalytic perfor-
mances of supported catalysts[J]. Advances in Organ-
ic Synthesis, 2005, 1(1): 233-260.

ESFANDIARI A, KAZEMEINI M, BASTANI D.
Synthesis, characterization and performance determi-

nation of an Ag@ Pt/C electrocatalyst for the ORR in



498 [EIS U T RS |/ A N NI = O 4 %53 %
a PEM fuel cell[J]. International Journal of Hydrogen the gas diffusion layer intrusion[J]. Renewable ener-
Energy, 2016, 41(45) : 20720-20730. gy, 2011, 36(5): 1413-1420.

[14] LIU D, LIN R, FENG B, et al. Investigation of the [24] KAHRAMAN H, ORHAN M F. Flow field bipolar
effect of cathode stoichiometry of proton exchange plates in a proton exchange membrane fuel cell: Analy-
membrane fuel cell using localized electrochemical im- sis & modeling[J]. Energy Conversion and Manage-
pedance spectroscopy based on print circuit board[J]. ment, 2017, 133: 363-384.

International Journal of Hydrogen Energy, 2019, 44 [25] AIYEJINA A, SASTRY M K S. PEMFC flow chan-
(14): 7564-7573. nel geometry optimization: A review[J]. Journal of

[15] KONE JP, ZHANG X, YAN Y, et al. Three-dimen- Fuel Cell Science and Technology, 2012, 9(1): 1-24.
sional multiphase flow computational fluid dynamics [26] KUMAR A, REDDY R G. Effect of channel dimen-
models for proton exchange membrane fuel cell: A the- sions and shape in the flow-field distributor on the per-
oretical development[J]. The Journal of Computation- formance of polymer electrolyte membrane fuel
al Multiphase Flows, 2017, 9(1): 3-25. cells[J]. Journal of Power Sources, 2003, 113(1) :

[16] BrEe . RRiIR S FR b2 REZ Y =G 11-18.

SN i 3 o FEECE B S [ D). V9% P9 3858 K [27] AHMED D H, SUNG H J. Effects of channel geo-
. 2017. metrical configuration and shoulder width on PEMFC
CHEN Li. Numerical investigation of multiscale multi- performance at high current density[J]. Journal of
ple physicochemical coupled reactive transport process- Power Sources, 2006, 162(1): 327-339.

es in energy and enviromental discipline[D]. Xi” an: [28] WANG X D, LU G, DUAN Y Y, et al. Numerical
Xi’an Jiaotong University, 2017. analysis on performances of polymer electrolyte mem-

[17] JITHESH P K, BANSODE A S, SUNDARARA- brane fuel cells with various cathode flow channel ge-
JAN T, et al. The effect of flow distributors on the liq- ometries[ J]. International Journal of Hydrogen Ener-
uid water distribution and performance of a PEM fuel gy, 2012, 37(20): 15778-15786.
cell[J]. International Journal of Hydrogen Energy, [29] MOHAMMEDI A, SAHLI Y, MOUSSA H B. 3D
2012, 37(22): 17158-17171. investigation of the channel cross-section configuration

[18] OUS T, ARCOUMANIS C. Degradation aspects of effect on the power delivered by PEMFCs with
water formation and transport in proton exchange straight channels[J]. Fuel, 2020, 263: 116713.
membrane fuel cell: A review[J]. Journal of Power [30] ZENG X, GE Y, SHEN J, et al. The optimization of
Sources, 2013, 240: 558-582. channels for a proton exchange membrane fuel cell ap-

[19] NANDJOU F, POIROT-CROUVEZIER J P, plying genetic algorithm[J]. International Journal of
CHANDESRIS M, et al. Impact of heat and water Heat and Mass Transfer, 2017, 105: 81-89.
management on proton exchange membrane fuel cells [31] OWEJANJP, TRABOLD T A, JACOBSON D L,
degradation in automotive application[J]. Journal of et al. Effects of flow field and diffusion layer properties
Power Sources, 2016, 326: 182-192. on water accumulation in a PEM fuel cell[ J]. Interna-

[20] DYER C K, MOSELEY P T, OGUMI Z, et al. En- tional Journal of Hydrogen Energy, 2007, 32(17) :
cyclopedia of electrochemical power sources M ]. [S. 4489-4502.

1.]: Newnes, 2013. [32] ZHU X, LIAO Q, SUI P C, et al. Numerical investi-

[21] HOSSAIN M S, SHABANI B. Reticulated porous gation of water droplet dynamics in a low-temperature
and parallel channel cathode flow fields in real scale fuel cell microchannel: Effect of channel geometry[J].
polymer electrolyte membrane fuel cells: A compara- Journal of Power Sources, 2009, 195(3): 801-812.
tive experimental study[J]. International Journal of [33] LORENZINI-GUTIERREZ D, KANDLIKAR S G,
Hydrogen Energy, 2019, 44(47): 25905-25917. HERNANDEZ-GUERRERO A, et al. Residence

[22] SHEN J, TU Z, CHAN S H. Enhancement of mass time of water film and slug flow features in fuel cell
transfer in a proton exchange membrane fuel cell with gas channels and their effect on instantaneous area cov-
blockage in the flow channel[J]. Applied Thermal En- erage ratiol J]. Journal of Power Sources, 2015, 279:
gineering, 2019, 149: 1408-1418. 567-580.

[23] PENG L, MAI J, HU P, et al. Optimum design of [34] FONTANA E, MANCUSI E, DA SILVA A, et al.

the slotted-interdigitated channels flow field for proton

exchange membrane fuel cells with consideration of

Study of the effects of flow channel with non-uniform

cross-sectional area on PEMFC species and heat trans-



5 4 3]

AN, 55 : PEMF C 3t 38 25 14 i 58 BRI & e e 34

499

[38]

[39]

[40]

[41]

[42]

[43]

fer[ J]. International Journal of Heat and Mass Trans-
fer, 2011, 54(21/22): 4462-4472.

MANCUSI E, FONTANA E, DE SOUZA A A U,
et al. Numerical study of two-phase flow patterns in
the gas channel of PEM fuel cells with tapered flow
field design[J]. International Journal of Hydrogen En-
ergy, 2014, 39(5): 2261-2273.

ATYABI S A, AFSHARI E. A numerical multi-
phase CFD simulation for PEMFC with parallel sinu-
soidal flow fields[J]. Journal of Thermal Analysis and
Calorimetry, 2019, 135(3): 1823-1833.

MANSO A P, MARZO F F, BARRANCO J, et al.
Influence of geometric parameters of the flow fields on
the performance of a PEM fuel cell: A review[J]. In-
ternational Journal of Hydrogen Energy, 2012, 37
(20): 15256-15287.

WILBERFORCE T, HASSAN Z E, OGUNGBE-
MI E, et al. A comprehensive study of the effect of bi-
polar plate (BP) geometry design on the performance
of proton exchange membrane (PEM) fuel cells[J].
Renewable and Sustainable Energy Reviews, 2019,
111: 236-260.

PERNG SW, WUH W, JUE T C, et al. Numerical
predictions of a PEM fuel cell performance enhance-
ment by a rectangular cylinder installed transversely in
the flow channel[ J]. Applied Energy, 2009, 86(9) :
1541-1554.

PERNG S W, WU H W. Effects of internal flow mod-
ification on the cell performance enhancement of a
PEM fuel cell[J]. Journal of Power Sources, 2008,
175(2) : 806-816.

JANG JH, YAN WM, LIHY, et al. Humidity of
reactant fuel on the cell performance of PEM fuel cell
with baffle-blocked flow field designs[J]. Journal of
Power Sources, 2006, 159(1): 468-477.

WU H W, KU H W. The optimal parameters estima-
tion for rectangular cylinders installed transversely in
the flow channel of PEMFC from a three-dimensional
PEMFC model and the Taguchi method[J]. Applied
Energy, 2011, 88(12): 4879-4890.

SHEN J, TU Z, CHAN S H. Enhancement of mass
transfer in a proton exchange membrane fuel cell with
blockage in the flow channel[J]. Applied Thermal En-
gineering, 2019, 149: 1408-1418.

oK, RFE, TS S L E T PEMEFC Bk
WHEAALT]. B, 2019, 49(1): 8-12.

CAI Yonghua, ZHU Yufeng, FANG Zhou. Optimiza-
tion of cathode flow field structure of PEMFC under
high current density[ J]. Battery, 2019, 49(1): 8-12.

[45]

[48]

[49]

[50]

[51]

[52]

HEIDARY H, KERMANI M J, DABIR B. Influenc-
es of bipolar plate channel blockages on PEM fuel cell
performances[J].
ment, 2016, 124: 51-60.

HEIDARY H, KERMANI M J, PRASAD A K, et

Energy Conversion and Manage-

al. Numerical modelling of in-line and staggered block-
ages in parallel flowfield channels of PEM fuel
cells[ J].
2017, 42(4): 2265-2277.

PERNG S W, WU H W. A three-dimensional numer-

International Journal of Hydrogen Energy,

ical investigation of trapezoid baffles effect on non-iso-
thermal reactant transport and cell net power in a
PEMFC[J]. Applied Energy, 2015, 143: 81-95.
RO, SRR IR UL S DR S R T T A 4 A
HHL e RE S ML 5 (7], FABE B 1 TR, 2020,
35(7): 215-222.

GAO Qiang, ZHANG Shuanyang, XU Hongtao, et
al. Simulation study on the effect of fin structure on the
performance of proton exchange membrane fuel cell
[J]. Thermal Power Engineering, 2020, 35 (7) :
215-222.

FAN L, NIU Z, ZHANG G, et al. Optimization de-
sign of the cathode flow channel for proton exchange
membrane fuel cells[J]. Energy conversion and man-
agement, 2018, 171: 1813-1821.

FELE T LB A PEMFC L[ D], 50 . 4
HRHR S, 2017

ZENG Xiangbing. PEMFC optimization based on ge-
netic algorithm [D]. Wuhan: Huazhong University of
Science and Technology, 2017.

CAI G, LIANG Y, LIU Z, et al. Design and optimi~
zation of bio-inspired wave-like channel for a PEM fuel
cell applying genetic algorithm[J]. Energy, 2020,
192: 116670.1-116670.11.

WANG X D, DUAN Y Y, YAN W M. Numerical
study of cell performance and local transport phenome-
na in PEM fuel cells with various flow channel area ra-
tios[J]. Journal of Power Sources, 2007, 172 (1) :
265-277.

ERNIM, RAMLI W, HERIANTO M E. Review on
serpentine flow field design for PEM fuel cell sys-
tem[J]. Key Engineering Materials, 2010, 447/448.
559-563.

FREIRE L S, ANTOLINI E, LINARDI M, et al.
Influence of operational parameters on the performance
of PEMFCs with serpentine flow field channels having
different (rectangular and trapezoidal) cross-section
shape[J]. International Journal of Hydrogen Energy,
2014, 39(23): 12052-12060.



500 [EIS U T RS |/ A N NI = O 4 %53 %

[55] YAN W M, LIU H C, SOONG C Y, et al. Numeri- Technology, 2017, 41(2): 230-233.
cal study on cell performance and local transport phe- [65] WU Y, CHOJIS, NEVILLE T P, et al. Effect of
nomena of PEM fuel cells with novel flow field de- serpentine flow-field design on the water management
signs[J]. Journal of Power Sources, 2006, 161(2) : of polymer electrolyte fuel cells: An in-operando neu-
907-919. tron radiography study[J]. Journal of Power Sources,

[56] WANG C, ZHANG Q, LU J, et al. Effect of height/ 2018, 399: 254-263.
width-tapered flow fields on the cell performance of [66] KANDLIKAR S G, SEE E J, KOZ M, et al. Two-
polymer electrolyte membrane fuel cells[J]. Interna- phase flow in GDL and reactant channels of a proton
tional Journal of Hydrogen Energy, 2017, 42(36) : exchange membrane fuel cell[J]. International Journal
23107-23117. of Hydrogen Energy, 2014, 39(12): 6620-6636.

[57] RT3, A WIRI . 5T 58 4 B Rk F ¥ 22 g T ¥t 3% [67] SPERNJAK D, PRASAD A K, ADVANI S G. Ex-
B PERERFIT[T]. BB R, 2020,44(8) : 1123-1125, perimental investigation of liquid water formation and
1198. transport in a transparent single-serpentine PEM fuel
ZHU Wanchao, ZHENG Minggang. Performance cell[J]. Journal of Power Sources, 2007, 170 (2) .
study of gradual serpentine flow field in proton ex- 334-344.
change membrane fuel cell[J]. Power Technology, [68] WANG X D, YAN W M, DUAN Y Y, et al. Nu-
2020,44(8): 1123-1125, 1198. merical study on channel size effect for proton ex-

[58] WANG X D, HUANG Y X, CHENG C H, et al. change membrane fuel cell with serpentine flow
An inverse geometry design problem for optimization field[J]. Energy Conversion & Management, 2010,
of single serpentine flow field of PEM fuel cell[ J]. In- 51(5): 959-968.
ternational Journal of Hydrogen Energy, 2010, 35 [69] RAHIMI'-ESBO M, RANJBAR A A, RAMIAR A,
(9): 4247-4257. et al. Improving PEM fuel cell performance and effec-

[59] YAN X, GUAN C, ZHANG Y, et al. Flow field de- tive water removal by using a novel gas flow field[J].
sign with 3D geometry for proton exchange membrane International Journal of Hydrogen Energy, 2016, 41
fuel cells[J]. Applied Thermal Engineering, 2019, (4): 3023-3037.

147: 1107-1114. [70] YU L, REN G, QIN M, et al. Transport mecha-

[60] FESERJ P, PRASAD A K, ADVANI S G. On the nisms and performance simulations of a PEM fuel cell
relative influence of convection in serpentine flow with interdigitated flow field[J]. Renewable Energy,
fields of PEM fuel cells[J]. Journal of Power Sources, 2009, 34(3): 530-543.

2006, 161(1): 404-412. [71] HEIDARY H, KERMANI M J, ADVANI S G, et

[61] SHIMPALEE S, GREENWAY S, ZEEJ W V. The al. Experimental investigation of in-line and staggered
impact of channel path length on PEMFC flow-field blockages in parallel flowfield channels of PEM fuel
design[J]. Journal of Power Sources, 2006, 160(1) : cells[J]. International Journal of Hydrogen Energy,
398-406. 2016, 41(16): 6885-6893.

[62] LIMJEERAJARUS N, CHAROEN-AMORNKITT [72] SACO S A, THUNDIL K, KARTHIKEYAN P. A
P. Effect of different flow field designs and number of study on scaled up proton exchange membrane fuel cell
channels on performance of a small PEFC[J]. Interna- with various flow channels for optimizing power output
tional Journal of Hydrogen Energy, 2015, 40(22) : by effective water management using numerical tech-
7144-7158. nique[J]. Energy, 2016, 113: 558-573.

[63] BODDU R, MARUPAKULA U K, SUMMERS B, [73] NAM JH, LEE K J, SOHN S, et al. Multi-pass ser-
et al. Development of bipolar plates with different flow pentine flow-fields to enhance under-—rib convection in
channel configurations for fuel cells[J]. Journal of polymer electrolyte membrane fuel cells: Design and
Power Sources, 2009, 189(2): 1083-1092. geometrical characterization[J]. Journal of Power

[64] Prtib, BB, E 28, % iR PEMFC 1 (g Sources, 2009, 188(1): 14-23.

M Z I BUERLLT]. BmIRE AR, 2017, 41(2) . [74] KUH W, WU H W. Influences of operational factors
230-233. on proton exchange membrane fuel cell performance
CHEN Shizhong, XIA Zhongxian, WANG Yicheng, with modified interdigitated flow field design[J]. Jour-
et al. Numerical simulation of factors affecting PEM - nal of Power Sources, 2013, 232: 199-208.

FC performance in serpentine flow field[J]. Power [75] THITAKAMOL V, THERDTHIANWONG A,



5 4 3]

2RV , 45 PEMFC 37 18 45 #4 #F

Z

FEBUR B e i 3

501

[78]

[79]

[80]

[81]

[82]

[83]

THERDTHIANWONG S. Mid-baffle interdigitated
flow fields for proton exchange membrane fuel
cells[J]. International Journal of Hydrogen Energy,
2011, 36(5): 3614-3622.

JANG J Y, CHENG C H, HUANG Y X. Optimal
design of baffles locations with interdigitated flow
channels of a centimeter-scale proton exchange mem-
brane fuel cell[J]. International Journal of Heat and
Mass Transfer, 2010, 53(4): 732-743.
SANTAMARIA A D, COOPER N J, BECTON M
K, et al. Effect of channel length on interdigitated
flow-field PEMFC performance: A computational and
experimental study[J]. International Journal of Hydro-
gen Energy, 2013, 38(36): 16253-16263.

COOPER N J, SANTAMARIA A D, BECTON M
K, et al. Investigation of the performance improve-
ment in decreasing aspect ratio interdigitated flow field
PEMFCs[J]. Energy Conversion and Management,
2017, 136: 307-317.

KERKOUB Y, BENZAOUI A, HADDAD F, et al.
Channel to rib width ratio influence with various flow
field designs on performance of PEM fuel cell[J]. En-
ergy Conversion & Management, 2018, 174: 260-275.
WS og, EWEAR ATk, A5 U AR LL 5 AR A
Xt 28 SCHY 3 IE PEMEFC BB R 52w L] 57 2 At 5
TAREREE, 2008(6): 127-137.

YANG Lixin, WANG Xiaodong, LI Shengjin, et al.
Effects of channel area ratio and cathode flow rate on
the performance of cross channel PEMFC[J]. Journal
of Applied Foundation and Engineering Sciences,
2008(6): 127-137.

COOPER N J, SMITH T, SANTAMARIA A D,
et al. Experimental optimization of parallel and inter-
digitated PEMFC flow-field channel geometry[J]. In-
ternational Journal of Hydrogen Energy, 2016, 41
(2):1213-1223.

HSIEH S S, YANG S H, KUO J K, et al. Study of
operational parameters on the performance of micro
PEMFCs with different flow fields[J]. Energy Con-
version and Management, 2006, 47 (13/14) : 1868-
1878.

ATYABI S A, AFSHARI E. Three-dimensional
multiphase model of proton exchange membrane fuel
cell with honeycomb flow field at the cathode side[J].
Journal of Cleaner Production, 2019, 214 . 738-748.
X HT-PEM #4 R W 3 37 4% Bt e T (D] S -
T H R, 2015.

LIU Jian. Mass transfer analysis of flow field in HT-
PEM fuel cell[D]. Shenyang: Shenyang Jianzhu Uni-

[85]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

versity, 2015.

GUO N, LEU M C, KOYLU U O. Network based
optimization model for pin-type flow field of polymer
electrolyte membrane fuel cell[J]. International Jour-
nal of Hydrogen Energy, 2013, 38(16): 6750-6761.
LIS, YUAN J, XIE G, et al. Numerical investiga-
tion of transport phenomena in high temperature pro-
ton exchange membrane fuel cells with different flow
field designs[J]. Numerical Heat Transfer, Part A:
Applications, 2017, 72(11): 807-820.
LAKSHMINARAYANAN V, KARTHIKEYAN P.
Investigation of PEMFC performance with various
configurations of serpentine and interdigitated flow
channel[ J]. Progress in Computational Fluid Dynam-
ics, 2019, 19(5): 328-336.

SOUSA T, MAMLOUK M, SCOTT K, et al.
Three dimensional model of a high temperature PEM -
FC. Study of the flow field effect on performance[J].
Fuel Cells, 2012, 12(4): 566-576.

TAJIRI K, KARANIJ, SHRIVASTAVA U N. Ex-
perimental study of oxygen transport mechanisms in
PEMFC interdigitated flow field[J]. Journal of the
Electrochemical Society, 2018, 165(16): 1385-1391.
LIHY, WENG W C, YAN W M, et al. Transient
characteristics of proton exchange membrane fuel cells
with different flow field designs[J]. Journal of Power
Sources, 2011, 196(1): 235-245.

WANG B, CHEN W, PAN F, et al. A dot matrix
and sloping baffle cathode flow field of proton ex-
change membrane fuel cell[J]. Journal of Power
Sources, 2019, 434: 226741.

LIM B H, MAJLAN E H, DAUD W R W, etal. Ef-
fects of flow field design on water management and re-
actant distribution in PEMFC: A review[J]. Tonics,
2016, 22(3): 301-316.

ASADZADE M, SHAMLOO A. Design and simula-
tion of a novel bipolar plate based on lung-shaped bio-
inspired flow pattern for PEM fuel cell[J]. Internation-
al Journal of Energy Research, 2017, 41(12) : 1730-
1739.

HE L, HOU M, GAO Y, et al. A novel three-dimen-
sional flow field design and experimental research for
proton exchange membrane fuel cells[J]. Energy Con-
version and Management, 2020, 205: 112335.
HAMILTON P J, POLLET B G. Polymer electro-
lyte membrane fuel cell (PEMFC) flow field plate:
Design, materials and characterization[J]. Fuel Cells,
2010, 10(4): 489-509.

ROSHANDEL R, ARBABI F, MOGHADDAM G



502 Mow o o= M

PPN

i 53 4%

K. Simulation of an innovative flow-field design based
on a bio inspired pattern for PEM fuel cells[ J]. Renew-
able Energy, 2012, 41: 86-95.

[97] KLOESS J P, WANG X, LIU J, et al. Investigation
of bio-inspired flow channel designs for bipolar plates
in proton exchange membrane fuel cells[J]. Journal of
Power Sources, 2009, 188(1): 132-140.

[98] OUELLETTE D, OZDEN A, ERCELIK M, et al.
Assessment of different bio-inspired flow fields for di-
rect methanol fuel cells through 3D modeling and ex-
perimental studies[ J]. International Journal of Hydro-
gen Energy, 2018, 43(2): 1152-1170.

[99] By A . o7 3 4 IR PR v Yl U T8 P4 7K % i il 2 1) AF
FE[D]. B BB TR 2=, 2018.

Y1 Wei. Study on water transport in the channel of pro-
ton exchange membrane fuel cell[ D ]. Wuhan: Wuhan
University of Technology,2018.

[100]TROGADAS P, CHO J 1S, NEVILLE T P, et al.
A lung-inspired approach to scalable and robust fuel
cell design[J]. Energy &. Environmental Science,
2018, 11(1): 136-143.

[101]YUAN W, TANG Y, YANG X, et al. Porous metal
materials for polymer electrolyte membrane fuel cells
—A review[J]. Applied Energy, 2012, 94: 309-329.

[102]TSENG CJ, TSAIB T, LIU Z S, etal. A PEM fu-
el cell with metal foam as flow distributor[J]. Energy
Conversion & Management, 2012, 62 14-21.

[103]WU Y, CHOJ 1S, WHITELEY M, et al. Charac-
terization of water management in metal foam flow-
field based polymer electrolyte fuel cells using in-oper-
ando neutron radio graphy[J]. International Journal of
Hydrogen Energy, 2020, 45(3): 2195-2205.

(104 125 . & Jm 1@ IR MORE s 1B % )8 3 5 45 vk pIL B B PR3
HEEmRID] Rt KRR ,2018.

HUO Sen. Theoretical and experimental study on cold
start and icing mechanism of Hodson metal foam fuel
cell[D]. Tianjin: Tianjin University, 2018.

[105]JANG J Y,CHENG C H,LIAO W T,et al. Experi-
mental and numerical study of proton exchange mem-
brane fuel cell with spiral flow channels[J]. Applied
Energy,2012, 99: 67-79.

[106]RODMAN S, TRENC F. Pressure drop of laminar
oil-flow in curved rectangular channels[J]. Experimen-
tal Thermal &. Fluid Science, 2002, 26(1): 25-32.

[107]JANG J Y, CHENG C H, LIAO W T, et al. Experi-
mental and numerical study of proton exchange mem-
brane fuel cell with spiral flow channels[J]. Applied
Energy, 2012, 99: 67-79.

[108 ]ABDALLAH M, HOCINE B M, MONSAF T, et

al. Numerical Investigation of the effects of channel
cross section shape on the tubular PEMFC perfor-
mance[ M ].[S.1.]:[s.n.],2020.

[109]JUAREZ-ROBLES D, HERNANDEZ-GUERRE-
RO A, RAMOS-ALVARADO B, et al. Multiple
concentric spirals for the flow field of a proton ex-
change membrane fuel cell[J]. Journal of Power
Sources, 2011, 196(19): 8019-8030.

[110]MONSAF T, HOCINE B M, YOUCEF S, et al.
Unsteady three-dimensional numerical study of mass
transfer in PEM fuel cell with spiral flow field[J]. In-
ternational Journal of Hydrogen Energy, 2017, 42
(2): 1237-1251.

[111]JCHENG J, GUO W, CAI C, et al. Alternatively per-
mutated conic baffles generate vortex flow field to im-
prove microalgal productivity in a raceway pond[J].
Bioresource Technology, 2018, 249: 212-218.

[112]IBRAHIMOGLU B, YILMAZOGLU M Z,
CELENK S. Investigation of spiral flow-field design
on the performance of a PEM fuel cell[J]. Fuel Cells,
2017, 17(6): 786-793.

[113]SUZUKI Y, HASHIMOTO K. Fuel cell with gas
passage forming member and water ingression prevent-
ing means: U.S. Patent 8,445,160[P]. 2013-05-21.

[114]JKONDO T. Gas channel forming member in fuel cell:
U.S. Patent 8,518,600[ P]. 2013-08-27.

[115]SHEN J, TU Z, CHAN S H. Performance enhance-
ment in a proton exchange membrane fuel with a novel
3D flow field[J]. Applied Thermal Engineering,
2020, 164: 114464.

[116]JHE L, HOU M, GAO 'Y, et al. A novel three-dimen-
sional flow field design and experimental research for
proton exchange membrane fuel cells[J]. Energy Con-
version and Management, 2020, 205: 112335.

[117]JHUANG F, QIU D, LAN S, et al. Performance
evaluation of commercial-size proton exchange mem-
brane fuel cell stacks considering air flow distribution
in the manifold[J]. Energy Conversion and Manage-
ment, 2020, 203: 112256.

[118]JCHO J IS, NEVILLE T P, TROGADAS P, et al.
Visualization of liquid water in a lung-inspired flow-
field based polymer electrolyte membrane fuel cell via
neutron radiography[J]. Energy, 2019, 170: 14-21.

[119]PARKJE, HWANG W, LIM M S, et al. Achieving
breakthrough performance caused by optimized metal
foam flow field in fuel cells[ J]. International Journal of
Hydrogen Energy, 2019, 44(39): 22074-22084.

[120]WU Y, CHO J 1S, LU X, et al. Effect of compres-

sion on the water management of polymer electrolyte



TEJRVEN , % - PEMF C 3 18 45 4 0F 50 UK Sk e i 3 503

5 4
fuel cells: An in-operando neutron radiography
study[J]. Journal of Power Sources, 2019, 412:
597-605.

[121]LILAVIVAT V, SHIMPALEE S, VAN ZEE ] W,
et al. Current distribution mapping for PEMFCs[J].
Electrochimica Acta, 2015, 174: 1253-1260.

[122]IMMERZ C, BENSMANN B, TRINKE P, et al.
Local current density and electrochemical impedance
measurements within 50 cm single-channel PEM elec-
trolysis cell[J]. Journal of the Electrochemical Soci-
ety, 2018, 165(16): 1292-1299.

[123JHENG X Z, WANG P C, AN H, et al. Novel design
of anode flow field in proton exchange membrane fuel
cell (PEMFC)[M]. Singapore: Springer Press, 2019.

[124]LIM B H, MAJLAN E H, DAUD W R W, et al.
Numerical investigation of the effect of three-dimen-
sional modified parallel flow field designs on proton ex-
change membrane fuel cell performance[J]. Chemical
Engineering Science, 2020, 217: 115499.

[1251% &, B, ZE% . AE I PEMEC $ERERT
FE[J]. i, 2017,47(4): 208-211
LUO Xin, CHEN Shizhong, XIA Zhongxian. Study
on PEMFC performance under different flow fields
[J]. Battery, 2017, 47(4): 208-211.

[126 143 & KB N, fLAE A . 83818 2 & e P

S A ek v £ A DR AL 5T [T ). AT 52 RE TR, 2020, 38

(4): 434-439.

SHI Lei, ZHENG Minggang, KONG Xiangli. Com-

prehensive optimization of 8-channel hybrid serpentine

channel proton exchange membrane fuel cell[J]. Re-

newable Energy, 2020,38(4): 434-439.

[127]JCANNIO M, RIGHI S, SANTANGELO P E, et
al. Smart catalyst deposition by 3D printing for poly-
mer electrolyte membrane fuel cell manufacturing[J].
Renewable Energy, 2020, 163: 414-422.

[128]PIRI H. Flow visualization in 3D printed PEM fuel
cell bipolar plates[ D]. Vancouver, Canada: University
of British Columbia, 2017.

[129]BAO Z, NIU Z, JIAO K. Analysis of single-and two-
phase flow characteristics of 3-D fine mesh flow field
of proton exchange membrane fuel cells[J]. Journal of
Power Sources, 2019, 438: 226995.

[130]JLI W Z, YANG W W, WANG N, et al. Optimiza-
tion of blocked channel design for a proton exchange
membrane fuel cell by coupled genetic algorithm and
three-dimensional CFD modeling[J]. International

Journal of Hydrogen Energy, 2020, 45(35) : 17759-

17770.

(% % . 3% )



