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Non-uniform design of catalyst distribution for fuel cell

membrane electrode assembly
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Abstract: To improve the magnitude and distribution uniformity of current density at various locations of
the fuel cell membrane electrode, a polynomial function is used to approximate the distribution law of
catalyst loading, and a weighted objective function is constructed for the average current density and current
density uniformity of the fuel cell. By using numerical simulation to solve the mapping relationship between
polynomial coefficients and weighted objective function, the distribution function can be optimized. The
results showed that compared with fuel cells with uniformly distributed catalyst loading, fuel cells with
optimized non-uniform catalyst loading distribution showed a significant improvement in current density

uniformity, although the average current density slightly decreased. Considering both the magnitude and
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uniformity of fuel cell current density, non—uniform catalyst loading surface surpasses the uniform one.
Furthermore, the first-order distribution function indicates greater advantages.

current density; average current density; multi—objective optimization
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Fig. 1 G60 fuel cell test bench physical diagram and structural diagram
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Table 2 Structural parameters of PEMFC with

serpentine flow field
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Fig. 2 Grid model of PEMFC with serpentine flow field
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serpentine flow field
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Fig.3 Comparison between model simulation results

and experimental data
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Fig.4 Schematic diagram of catalyst distribution
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Fig. 6 Effect of first—order distribution function

coefficients on fuel cell performance
M6 AT LAE Y, 25 R A a<<O S, F A5 e £L
J<20, BIVAE 2 5 A A 500 28 A 1) B8R HE 2 504y
A A0 22 o X IR O 2 R B a g SR A A T 2
TV o AL BRI AT B Y T ) A A
18 e Bl s SOV RO IE AL REHE R o Bk Ah, O
Y BT A T A DB [ RE RS W R AR,
SERE IR TR AN SRR . R R o>
O, H b5 ki 70, HBEE AU w, B3 PR
WA X UL, S0 bR R TR e R I
B oy Pt A A R BT B o A AR Rl A O F
1 32 7 38 R ) oA B 3O B3
2.3 57 iR B R S R A R it 1 BE B 2 0
MRAE 2. 271 W 4598 TR0 R A 5 284 19 0 A
IO7 PR A A i 11 48 R R A (L O A
—ESERMER o G, S Bk — 25 BF 5T fi G A A 7R
R W 2 IOE L () IR A O
ES QRN I G ST S U 7l
f(z)=ax’+ bx+ ¢ (14)
! Lo a b
Jof(x)dx:J'O(ax“+bx+c)dx=§+§+c‘=1
f(x)>0(0<ar<<1)
(15)

K ra b BINREEAL REL
R A5 B 22 1 200 ) 50 =X, R (15) 9 &Y
PSR IE— R0 5 Ry A RGO, IR A PR . Bl
T 4518 D0 1 24 S5 BT P9 B AL I — 4 3R B0, 22 1 4y
A7 bR AR B, AL 7 T
x4 HAREH

Table 4 Constraint condition

1 %0 2 83 1% 4
a b a b
b —+—+c=1—+—+c=1
%+E+c:1 3 Tyt %+g+(-:1
b b

b 0<——F—<1 0<——<1 b
727<0 2(1 Za 72*>1

a>0 a>0 a<<0 a<0

a>0 c>0 c>0 a>0

. .

¢ atbte>0 atbte>0

207 fn z

18l —e—1-—o—2-—9o 3 —e—4

. [ ]
= g
= 1.6 | .
o A ®
R 14} e
2 I AR
m 1.2 ¢ = '- L g @ ]
£ R . e
R 10f v o
mﬂ;ﬂ? 0.8¢-9 oo 070"'""1’:-'

s L

ﬂ—?‘% 0.6 - | $
'ﬁ P '
% 0442, *

021 %

[ ]

00 L L 1 L i L 1 L 1 ']
00 0.1 02 03 04 05 06 07 08 09 1.0
Yol 5 SR HAE

E7 Mo &R

Fig.7 Example of second—order distribution function

O 45 /I 8 R0 BT Y TR, A SC ARt T Ak i
S B IR AR T A LAL IR 855 2. 2795 — [ o
A BRBCRE P IR0 A Ak 43 A R B/ (0) 1 U S
ML 0.1, 1], 170 b 43 A ok &Ry (1) i (5 )
ML1,1.9]0 [IREHE IR 0. 1 2 K X 19 245 U
AR 2 C15) 70 50 355 B 0 A AR B a b e,
PHRA DT BRI 15 8 R B e R e AR w, 2 H
P eR R T Y WA OC 2, WA 8 BT

HT P S FT A, 3 4 rhf B0 1% 0 1 i Ak ) 2
3 A 2 TR TIASC s (8 e R, H: ek R P AR 1A 7
POl LTS .
2.4 RS HEYRYRE

455 Lk — B B o A RS R
AE A M 5C &, AR SO dilae ¢ 1 E b pR R B
KA 53 A R AR B, I 9 BT . N9 ] LU
L AN TR o, XS0 f G 23 A ek BOPE A B R 22 57
M w,=0.5.0.6.0. 9, — B 734 19 fIt Ak 2% 5w



- 3820 - THXEFF

(T % k)

% 55 %

B8 o n iR B F H xR A R it BE Y R M

Fig. 8 Effectg of second—order distribution function

coefficients on fuel cell performance
PET B a0 A, 1024 w,=0.7.0. 8, i 73 A Y
AR WAL T —Bir o0 A o B w, IR, B
X R I % RE 2 S ) BEOR B PR AR 2 50 B i
A 700 B 2 A 0 AR R T B 4R TR RN

B,
0.025 .
—o— —Kr oA -
0.020 = ZHa
~ N
g 0.015 /
m
® 0.010 B
=
0.005 )y 2
e ol
r""/'
0.000 : : : : ;
0.5 0.6 0.7 0.8 0.9 1.0
BRE E iR E R

EH9 BRABEYERY
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