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Numerical simulation of vapor-feed direct methanol fuel cell

XIE Xu, DENG Hao, JIAO Kui'
( State Key Laboratory of Engines, Tianjin University, Tianjin 300072, China)

Abstract A two-dimensional, two-phase, and non-isothermal model is developed for a vapor-feed
direct methanol fuel cell (DMFC) based on alkaline anion exchange membrane system by using the
multi-fluid approach. The model will lead to better understanding of the mass-transfer and
electrochemical phenomenon in the cell. In the model, the vapor generated from the liquid methanol
in the tank goes through a composite material made of Nafion membrane and hydrophobic porous
layer into the cell. In the study, the vapor transport layer ( VIL) and micro porous layer ( MPL)
are taken into account, and two symmetrical exits in the VTL are set for the CO, removal. With this
model, effects of the CO, exit length and the hydrophobic MPL on performance and inner water
distribution of DMFC are investigated.

Keywords CO, exit; alkaline anion exchange membrane; passive; hydrophobicity

BEE BRAEUR TR HAs e, WE s B S m Dol B FH Rt v i i HH i 5 48
ROR IBTHUAYS SRR BT R AR 20 R it S B R e A v Al S R A A R R 1
RETRIE Toria Ul . MO BEUE, ARR Rt DY RERYAR B M AT i e
T ity i i IREEHL N ABLAS) BEAT AT S0 AR S A A Sy i v g i) 1% T A B R

* [H 5 HARRI AR T I H (51276121) % H)
I E/E# , E-mail : kjiao@ tju. edu. cn



%24

W A SR ELE P B R ) AR R R 245

TR s A i 25 0 A L A ROk
THSEY ARG B R EE KT
VETRLBE FNZAAE BB A D0 A, (LR B4 Y AR
W ( DMFC , direct methanol fuel cell ) B9 MV A9k
TG ELOR A Bk TP A 8 3% | 5 1 4 LA Sk
RS T PE DMEC [ 1 i1 7 R 7
JEHE P EERE S, H I A B AR 42385 3 i A
B 5 S80S SON A 7 A HLRE , TR 2% T HAE
M L Fh T P 92 37 B B A0 A A J2 WY Bk 8 G A
K, T LA 29 7 DMEFC 5 FH B ey v 1 PP et
IR, — LS © 2 I RS H R 4 P
APRARK Fh, b 7 ol v I 8 Y PRI, PP 92 425 /K - 4
FRTEAG G0 B HE TP BB B 7Kk B B R B
fpls100

R ATt 5 OGAR i 3 n] DALE 20
FH vk BB Bk sh AU W OEE kR
DMEFC!) 25 P o 3k — N sh XA P p s
AR TR RN Rk A
64.5 C,NILEAEER FEFES K. HElA
JURPAS ) B A2 RE T LA R Ao sh 03 &, 4]
i Nafion [, £ £L Bk, ik i B, 22 FL 26 K # A
PDMS 1235 75 J 58, AR SCAfE T 4 nafion [ 5 £
LEMEEHEL,

KT v X B R 2 AR 20
8 BT 40 gy BF P Shaffe Fil
Wang' ' # 57 —>— 2 B AR 700 Xk FH A B L2
( MPL,micro porous layer) %f DMFC 7K DA K H fi
I ()52 W AT R SY, S B MPL R i 7K P B
1o, 15175 OB, Xof VI8 35 MK A A2 i 5 Wi
Ko FIRERIZEISTE Liu Fl Wang' ™ (058 btk
WESE , i TS — A AR BF5Y AMPL X BHAR
7K 53 A 0 PR B S 7K A 0 BE 52l i B
FRRAE Sy — Tl B B S e 5, AR TAZ SE Y i1
&AM A S AR R B S RIS AR
5 B O A, B P % o T — s ) A i A
MPL A& — 25K A BT, 70 2% T 5 38 M 54
R 7K A BT T AL [ N AMIFSE AT BAEEA T T R
fyrRgE

ANEL 1 7R Bl B B S 4 5 A5 G 1 o
TSR] i AN R FE T b B - A8 AR
TR OH ™ B 1, T HLA% i 75 1)t 55 J5t 1~ 52 46 s
HAR o AL R HE I B 719 OH ™ 5 F s i 47
PR H, 0, T H,0 A5 S 52 4 7 B AR 45 T8 A%
AT LAA R 22 B K L4 o e i 2 AT

T, BB ) R g ST PRI A A v A S N R, WL
AR G PR, I AR

e e
J J

] 3

[*] [-*]
2 £ 2 £
= = ] =
CH.OH| ™ [Crossover|© | CH,0H < [Crossover| © Air
—ly | —| | Air —~ | — ————
H,0 HO H,0 H,0
) O )

co, B co, co, o co,

(a) JEF AT (b) BRI B ¥ I

Anode :CH;0H +H,0 =CO, +6H * +6e ~ Anode :CH;0H +60H ~ =CO, +5H,0 +6e ~
Cathode:3/2 0, +6H* +6e =~ =3H,0 Cathode:3/2 0, +3H,0 =60H ~
Overall ;:CH;0H +3/2 0, =C0, +2 H,0  Overall :CH;0H +3/2 0, =CO, +2 H,0

1 (a) FRFRIRF(b) W RE S FRE A R SR 28
Fig.1 Schematic diagrams of reactions of the proton exchange

membrane (a) and the alkaline anion exchange membrane (b)

ST ] B8 7 28 e il DMFC A Eb it 58
B DMFC e/ H B35 35 | B8R R A RN 42 o it
CHETS TR R 0 AR B H A Ik, SOk
HR A 5 F 0 M I DMEFC A 25 F bl )y T
RIS . PRI, AR SCHEF 22 A0 I e 8 S ok sl =X
A P T AR 1) Bk B B T A 4 B DMIFC (1 —
Y W AH AR SR AR, JF LAY BT 4 L A ST
MG . FIEAE VIL 5 GDL 52 4t
A KRR P A /INEL, F AL L S R R
Ui A 25 422 [ A P st kit A YR 2%, (] P i 5 1 AL
/INK HEL Tt S S B 5

1 ®EN G

1.1 &

W 2 PR, S B DMFC #3538
UIE AR AR AL 2 (VIL) | BB SRS BUZ
(AGDL) | BH % i FL J=2 (AMPL) | BH A% 1k J=
(ACL) (A201 i B AiE AL )= (CCL) (B ALIZ
(CMPL) FIFH# Y #UZ (CGDL) o i T+ 58 445
oy BRI RRAE, IR B 3, R T — 1)
B RIE
1.2 {Ri&

1) A U AR UK

2) K S i) 454 (N VTL il VR A 2 B A
B ) 22 AN



246

Hh I RL 7 B R4l

$34 %

Wall 1

Y

Anode rib
Cathode rib

Cathode channel

1“ |

Wall 2

Anode channel

L

>

AMPL/ACL/MEM/CCL/CMPL

2 BREGTHEERENES

Fig.2 Model calculation domain and meshing

3R AL E AR Y BUR AL

SR LS R 4% ) [ 1) 22 LAY o

4 ) 7K PP B2 VA B A A )2 Ak iy A 2
S g AT
1.3 =pEFHTE

AR P T (5P AR 7 R 11 AL B X 7
A L3 1, 22 LA 5 v 4 3 30 A o 2 A
BN TE S YRS, R 5 RS, R I
BIE SRS

AR — SEZ5 R S H N 3% 2, B S 400
#*3.
1.4 HR&EH

7 SEUA T T A, A Y A P R vk
£ T X8 157 £ 0 S — AN N e, LA PN T
BB R RS IR S 0, [ BE, 7 B4
TIEAL , R ZE R VR E A bk S
AEXHREE N H KSR 0 1 atm ()RR AR,
WA KM AIEE R 0,

x1 FEFE

Table 1 Conservation equations

H R SPE T AR 5
~Ja» (ACL)
LT 37 R Ve (0"Vg,) + Sy, =0 S, = { =i = (ecL)
CL
0, (others)
Jar (ACL)
B TSR Ve (o0 Ve,) +8y, =0 Sy, = A —j. + L(;‘“*,(CCL)
CL
0, (others)
(neSne = M8, (VIL, AGDL, AMPL)
5/ n
Kk . %Mmesme +Mw<_Swv +6F +gTV()‘mw _/\ACL))a<ACL)
T JE V. (plﬂ—' vP) +my =0 m; = ] -
1 Je Leross m
EMW( ~Sw " 6r toroy ZéTx/()tmw = Acer) ), (CCL)
0 M,S,,,(CMPL,CGDL)
M,Sgy +M,.S,,,(VTL,AGDL, AMPL)
v Kk, . M,S,, + Mco,Sco, + MpeSp, (ACL)
KR o, VP, +my, =0 my =
g M,S,, +Mq,S0, + Mo, Sco, » (CCL)
M,S,,,(CMPL,CGDL)
o0 Sy s (VITL,AMPL,AGDL)
H j j CACL _ ¢CCL
i AL _ Ja me Ja_ _ pm “me me
WA o (KA Ve e, Jes, =0 s, = B er ot R R
Witk )y H H K, P _ pect
-t ——— (ACL
|:| My 5macl ,( )
RSP Kk w
S —V-((_JV )C - Dpive )+s -0 Py = P,
P s Py )G = Py ¥omy J+ Sy S = Aghys(1 = ) == (VIL,AMPL,AGDL, ACL)




52 4] UL, 2 A IR R R H b 1 B AR 247

R (%)
HFR SPE TR P
Py =P
K oo (1 =) T (PR < P
Fht - V. ((_Lkn VPg) D‘\"" VCM)+ S, =0 S = -
It . oS L (P> P)
(VTL,GDL,MPL)
£ /:ﬁa Kk, . _
ﬂ“ti - V. ((_ L pg)c02 s VCOZ)+ S, =05y, = {
ik ¢ 0,(CMPL,CGDL)
Ja
h,(ACL
F(1 +KH,c02)5cL )
T Kk, o
)ﬁiwhﬁ?f -v. ((_ = vpg)cm2 - oyl VCCO2)+ S, =0 Se =0 L o)
kTR ¢ @F( 1+ KH,C0, )bt
|q),(olhelrs)
MEM Ja
Er;(/\u'l - 1) +ng
EW LT Aequi d g
0
D lem Pi—\(]l, _ P](I(l]A
_ LT (AcL
a My, Omdel, ( )
m J.
JBEZS KT R f—: Ve (Dyy VAu) +8,, =0 S H"d AcL — N, ((L) , (Membrane)
w Ja
%pg%(/\(u = Aequit) — 14 r
]K P]A(I[. _ P;l(]l,
= ————— (CCL
My Oulcl, +{ )
OF S..Ah,, - S, Ah,, + II,(VTL AGDL,AMPL)
0 o
g . P
0 (Sw = S ) Ay = Sy Ay + i
0 s
. T
EFT +Jj.(m, = ASyor @) ,(ACL)
MEM
. O p
AEL Ty Ve BT VI + Sy =0 Sy = [(’DT , (MEM)
MEM
P P
=
O gy O MEM
0
T Lirgss ASyor T
U (n. = ASyor ﬁ) 5 6MOR ,(CCL)
CL

H s,.an, + £ ccopL,capr)
agg

T H s NAKIRER L, 6.0 XL X IR R LU R T (B ) 18 S 28K, Ak, = 44900 ] + mol™ Ak, =37700 J-mol ™",
hy =0.001 m-s™" A, =10° m™", ASyop =436.36 J-mol ' -K™"', ASopy = —345.04 J-mol ' K",

R2 GZHBH L L 3AHE B AR AR AR b R O, — A HiL AL O
Table 2 Structure parameters BRI B9 A b o Walll A1 Wall2 s — 44k
BH R ot Bt A 30 L3 R JC s 78 AR 1B 8 P RE T A5 A
P oo Lo VAT VI LT A interior 30 5 2 o T A7 41 S
VL J27% /m bun 2%10-3 TS 4 5 P T AR SRR, A 40
CL JZ3¢/m Scr 1x107 AR O A AR E S BN R A b i B AR R
JIEJEL R /m nem 2.8 x1073
€O, HM17L#%/m Weo, 55106 1.5 HEFHE
P FE/m W el 5x10°* AW I T —A A AE SR AR 1 A FR

£555/m W 510 JCHIHT. i UDF 25 %t 1 i) % # ot 3R 4% .34




248

Hh I RL 2 B R o 4l

934 %

*3 RESHY
Table 3 Model parameters

e (s HH
ACL F1 CCL Ha i AR FR 4% eher»&cc 0.34,0.3
KR T R B s Y cond 100
IKFE R AR R s Yevap 100
JIR B A T i/ (kg -mol ) EW 0.5882
TR/ (kgom ™) Pun 1092.7
S YR EE/ (mol-m ~3) cxl 1000
Z7% 0, W/ (mol-m ™) s, 8. 04
BHIKHE/ (mol-m ) Cio  55555.6
BERFHEE/(Aem™?) ot 1
FEAR WIS s e B B/ (Aem =2) LT 4,000 000
FHA S5 1 A5 4 R 4K a, 0.24
R 52 7 1% i 22 % o, 0.2

PN LA, BRI — 3SR 1 11 DR,
IR R TR AR TR AT R BT R RUE
T GBS R SRR RASIK TR
KA AR T AR RS KT R LA R e R
Do W XUAR 2, S 25 bk IS F) 10 T 7 Bl H)
TEAWCE TR 9 =, X Tr 1) b AR R

—&—5 um
——10 um
—4—20 um

methanol concentration/(mol-m?)

150 200 250 300
(a) methanol

0 50 100

CO, concentration/(mol-m)

43519 60,10,60, 30,30,30,30,30 F160. Y J7
] L% JZE0Ch 40, 263t 13 600 4> A%, IF#E 17
RS ) DRSS S PEIRE , 222 4E 19 BLIA
2 ZFEREITiR
2.1 CO, FAfLEE

HHTE H T A S0 AN 2 R T il B 2
BB B =X B W BB L ) S R R
A TR AT I B E . LR B AR L 45 5, 1
P b fd A Y R e B, Ani&] 3 (a) BRI
Rl LLE B CO, T FLAR AR /)N, BHAR HY
AW F i, XOZ T CO, S /NS BUH AR H B
VAR WA K i 1 s 92 o i B e LUE ) MPL
X R B2 R AR A 4 B S8 B BELRR A D, H e
A2 04 B R A, AT el 451 FH e e
() H B R T RE , WO IE S8 1 S R 4 A
BRI AT AT . FLAR BRI/ IN B ARBRAIG T H B
Thi HH , (ELR BERR FR e B T o S 1A Y B 898
RAATC T 265 EE e, DT 26 A Y e g 1) FH 3

0.55 _MM
L
0.50
0.45 —=—5 um
——10 um
0.40 —4—20 um

oS O

W W

S W

\
A . .

=1
o
G

M‘
020 . AAAAAA
.............
0 50 100 150 200 250 300
X direction/pm
(b) CO,

3 AR CO, 7 AKX /N3FPER R EEF1 — SAL Bk E S0

Fig.3 Influence of the CO,exit length on the methanol and CO, distributions in the anode
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