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DESIGN AND PERFORMANCE RESEARCH OF HIGH
TEMPERATURE PROTON EXCHANGE MEMBRANE
FUEL CELL WITH FRACTAL TREE-LIKE FLOW FIELD

ABSTRACT

The proton exchange membrane fuel cell which using hydrogen as fuel has many
characteristics, such as no pollution, high conversion rate, high applicability, has been
widely used in the application of fixed power supply, mobile devices and transportation.
However, problems of catalyst poisoning and complex water thermal management has
hinder its marketization duo to the working temperature below 80 C. High temperature
proton exchange membrane fuel cell will increase working temperature to 100°C to 200 C,
not only solve this problems, but also improve the energy conversion efficiency of the fuel
cell. At the same time, it put forward new requirements in the design of fuel cell flow field
and material properties.

Fractal tree-like structure is a kind of optimized natural network structure, in this
dissertation, as the change of the high temperature proton exchange membrane fuel cell
flow field design concerns, we design a flow field which based on fractal tree-like structure
which makes the fuel cell supply adequate evenly, improve the reaction gas transport
properties and fuel cell performance. In this dissertation, main works are as follows:

(1) Made a briefly introduce of the design thought of Murray's law and the tree fractal
flow field, calculate the size of flow field according to the Murray's law and it’s formula,
design a new tree fractal structure of flow field with combination of parallel flow field.

(2) A steady-state phase and three-dimensional model of high temperature proton
exchange membrane fuel cell which based on fractal tree-like structure and traditional
parallel flow field has been established, and using computational fluid dynamics numerical
calculation method to simulate the polarization curve of the fuel cell, distribution of gas

concentration, current density distribution, pressure drop values and distribution. Simulation



ABSTRACT

results show that the design of new type compare to the traditional parallel flow field, the
maximum output power density of fuel cell increased by 23.9%, at the same time, has more
uniform distribution of gas distribution and the pressure drop.

(3) Based on the characteristics of new materials, a high temperature proton exchange
membrane fuel cell which fractal tree-like structure flow field has been assembled, and a
platform design for fuel cell performance test has been established. The results of fuel cell
performance test and numerical calculation show that polarization curve and power density
curve has same general trend, and the deviation is very small, has been verified the design
of the tree fractal flow field has excellent mass transportation.

The flow field structure of fuel cell decided the reaction gas transmission and distribution,
has great influence to the fuel cell performance. This dissertation designed a new fractal
tree-like flow field structure to reduce the flow resistance and uniform distribution of
reaction gas, and improved the fuel cell internal transport properties of reaction gas and the
overall performance of the fuel cell, have a significant reference on the design of high

temperature proton exchange membrane fuel cell new flow field.

Key words: high temperature proton exchange membrane fuel cell, fractal tree-like

flow field, numerical calculation, performance test
Type of thesis: Applied Research
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WREIR T 0 208 S A LA 4% TR 2 R JEE T KRR IRRF S, 7 L FvA P8 %91 s )
2100 S ) K it 3T SRR LIt A USRAT T LA IR N, A F A ) S T 11
RLEWFFER HIRPIR 73 B G I (K BCACR LU S iR s, BATUR I ST PR Ls
Js BN S A FAes AEIRORE Lt S5 ATURAR 22 238 X RPAR 0 JE 190 2% (KA i PR EA T T
G WEFURM, BRI TE ISR T 1A T I8 &5 K HAT ST (A P g«

A WA = AME O ROR A T 4. Y B H 8L, T RO R 2-2
ZiY
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K 2-2 =PRI (a) YR (b) HE (o) TH
TEIX =R IERI 3 T IR T, B H B AT LR AR & AN T 800 B 28 25— 2 1
IEAGENEART R, FrUA X EL Y B T R w2 . (2t T Y Mo Rgin o
XAV, 2 JERRBASA  wl I T S0 TRCAS, @8 T 8, [ 855-PATig,
135> XA EA 180°, 4RI B4, 19200 F Kl 2-3 A5 A A ST et i 5
o

K 2-3 fiGRvHEH R R E

AR F SCH Bt SR MBS LA, A SCRTH IR TEAR SR PRI 54, i 4
Koy eI, ArE AT OV X 8. AR AR Bt A HOELME T . o T8
AY 53 BC SR RN S0 R N TRIAR RS ER NN BIIANHRA, @it ias 3118
JEHENIP TEIX I8, AR, SO SRS RN I SR AT 0, BEANTE — /N
TIE, JIE T RO, W R ARG . i gy s, WiEE H AR
2'=16 4%, MR SR S ARHE T AT SN X I8 LASR A 5 2 1) S iR AR RIS b T EES,
g, R HAAN AR ST 50 TR I, A A X FR a5 i . TR 55
JE) HT-PEMFC ¥tz vl Jst 22 e n k[ 2-4:
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1
L

Lis Loy Loy L
— i rf'JIf’r ] :
/5 | L |
| N\ )
C \ |
| \\\\ |
| 11 )
—C ) ]
L [ 1/ ]
|_ _f [ j:if; ]
L . Fl—‘ 7/ :l
e 71 —
ARIALE AT RO [X A Gr T IX B

A vt T A R RUE R

& 2-4 BRI HT-PEMFC 373 R

CERRR it R, 90T 1) RS X rh it ) A A AR R () S 0 A TR Bl
WFFEH — AR HE R R . IE 56 EEAE 0.5~3mm Z[al; B AL 0.5~3mm
s WIEVKEELE 0.2~2.5mm Z A,y 7 5 (H S ARUETRIRL K iU A BERT LG, ARSC
HT K VS A TR 155 o 25em?e “PAT X it 96 L L 0.8mm, 95 S5 B ICA 0.8mm,
HEANURAR LI Imme ASCHE B TR ) Murray sE it & SE e T Hal&

THEAT S BIRCIR 2 TE S U IE 1 B AR RS E TR 2-1 i

*® 2-1 AR BRE TSHTIR

43 K MIEFEE S Sy KT La AT L AT
(mm) (mm) (mm) (mm)

1 3.12 5 6.4 1

2 2.01 3.96 3.2 1

3 1.27 3.15 16 1

4 0.8 2.5 0.8 1

MRPE BT = 4E AT UG i3 B iz 4/ i k18 2-5 i
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Bl 2-5 BRI TETZAR R

2.3 KE/NPEG

AT AR RTET— M i 4l T T LR B ORI 2 JE e, A
T Murray SEH I ERANHE, 20— FB 0 P4 48 17 A SCHI - il 57 A BB e
MRt Bt B, B0E Uz A T HARYE BB TH A M AR RS Bk 0
W IR G o
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%33 58 PEMFC Byi¥iasl

et O T A BRI RS T - RN E A R G, HAN R R
S ARANERA T 2 A0S HUI PR RE AT 52 (KR Wi o ARt HEA T S B ST 9 AR
I HL PR HL A e L P SR 2 PRI (R B AR, S 6 T AR A 7 P it P 8 10 22 A
IrTHON AL A R o R B0 AR SR AR R AU i i o1 A8 AR vl il T AR el
(Mt ifle A, i Abar S N RE AT LI A IR AT+ 0 R R S AR RO PR
RUB T Rl T 1A B it 0 B S AR A, O Jm 80 L SR B e
PHEAH G 1 B8 LA

3.1 BERE KRR

HH T v i T 1 A8 3 SR It SE BRI AT WG DL S e, A SCAE ST A A g e e
TEAN S M ASAUL 25 S R A 100 R TR AR HE DL R A 4

(1) FH T Hth PN A IR A T Tk LA /NI s DB R, it 9 AR TR B BB RS20
DA KA T R 45 11 5

(2) TR HT-PEMFC #:4F, UARTR G187 BRAR SR Y

(3) RNAMAZBIE T PBI T A b 5

(4) T i BRRl s i 5, TARIREAE 100°C LA L, WA R K LS ST A7
15, A SR Bz

(5) HLALA SN AR 2 R TR AT

(6) FEATHLAR IS HLA )[R

(7D 2 A [ fis v B 2B AN T

3.2 BERFENFHEE

W R T A P R PRE i, FLIE AR A ) 2 B S i . RS
N NS =W I iy i I= A
3.2.1 REFETE
JOEE NP IE T FE RIS S8 BT I TR) P — AN SRR C 3 N 1) 5 5 [R)— I TR) N RN T
UK R I AR S o 7 R — T IR S B TR () Bk, 58 I i
PR o FEAR B RAR R S AR I A, S FE N
%+V-(spﬁ):8m (3-1)
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% 35 =i PEMFC R 8er il

Horfr o AU TR p TR E AR kgm™®) s WA TR 5K i CRAL
m-s™); Sm A BRI

M
BRI L S, =S, Zgja

Mo, .
0O, Jc
4F

M
MR b2 S, =Sy +Su0 = ;fjc—

ALK S, =0

ot F SR o A \M%\Mﬂ“Jﬁ%Hzm&mmWW@Kﬁicﬁ
firs kg-molys ., . 2Eom uith TR AR 16 ph e e i 3 . g Aom

3.2.2 HHESTFEIE

BN TR Y, — N OTsh AR S R Ao B A R, 3
H TR
0 (&pt)
ot
Hrp P OMAR R ) (CBAL: Pads w NSRS CHLAZ Pas)s u Mg R (A
m-s); € G AL BALBR; Sy b F i I Bl PRI
FE I R TE A Y B2

+V-(gplit) = —eVP +V - (uVu)+S, (3-2)

S, =0

NEONB R, I8 T AR IR 2 AL B 1T Dracy FH3 B AR i s g B

S, =Ly
K

Hr K REZ AN TUBIESE (A m?); e REZ AN IR E.
3.2.3 AssrEFE

d(gpx;)
ot
Horh e FoRfLBE; x B SERMRENEG DT RSN ST BAREG S fon
A1/ 0 P N T [ i
T3 RE2E P Iy RS A ALy S A TR, T R AT 5 — TR R 1E 2 AL i
H ) Fick 371
FEZ AL, AT TR BANFLE RTINS . D T N IXLEPHAS A 52,

+V-(vepx ) =V +(pD" VX )+, (3-3)
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WS EY OB . W R SIS IE B A ECR S I . MR
Bruggemann & 1F, 1EZ2 FLHAH A 2 BER /T AR IR 4 -
D" = D¢ (3-4)

Horbr e Ron 2 ALAT I FLRAR,  RISLARRALEARBN EUE .
IS R« g, BRI

Di?ﬁ = Dijgr (3'5)

TH TR BHR T T U sl A7 10 3 A e 5 &S PR B In LT
FERARAAT T o BT HCR (A8 I S R i

Di?ﬁ = DIJ £ (3'6)
T

BN RO L =AEE T2 N, 2 Moy HOREH] . RS T,
2 WA SRS BT LU Maxwell-Stefan 77 F2 KT AL A -
dx XN; =x;N; ]
" RT;—pDSﬁ (3-7)
ot g, X FR AU 1 IR A Noo Ny 25 1 O AR B CH 7. mol(m2s) ™)
ROZESAMRHH CGRAL: 3 (mol- K)o %5 FEAE A B AT BB %8 1k A i &4 (LA BT
AT A5 RIAR LA R RCRAR I, TE S AR 2 U7 1R A

DI st ey Eer (mPsh, LU R R E:

b 1
Deff _4a T (p P );(\/—F)lsz i+i 281'5 (3-8)
] p \/.ITTCJ ci'c,j c,i'c,j M M

i j
Hoi Te, PeBondlsy i, j BHRJERIE T, M R R i, fHFESA. A5
XA AEN S A, T H EL @=0.0002745, b=1.832, 1| T-/K7Z& <18 % B a=0.000364,
b=2.334.

3.24 BERESTFHEIE

XA, g E TR AT LR R A5 3-9, U AT BA MR
RSN, A3 e 2 R R 3 BRI
8(8pCpT)
ot
Horp Cp FoR I CRAL: I (kgK)D; L RARA ARG HR AL W (MK ™);
St oA BERIET; T R (A7 KD
X2 AN BT I B IR QT

+V-(g0C, 0T )=V (44 VT )+S; (3-9)
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(pCp),, =(1-5)p,C,  +oC, (3-10)

Hrt p o Cos SMBIZR IR L IUA TR FUAT B BRI A & ForZ AL RIMALER
%,

3.3 BiEERMER
3.3.1 HEFFEFE

TSR H 0 s 4 B L e S B 4 2 S 48 i
AT

V'(Gsolv¢sol)+ssol =0 (3'11)
V'(Gmemv¢mem)+sm =0 (3-12)

em

/E\:EP Osol~ Omem %%U%@%*H\ Bﬁ*ﬁﬁ@%%‘ﬁ <$’fj 1-(0hm-m)'1); Dsoi~ Pmem ﬁj\%u

ORI AN B3 CHAZ: VD5 Seots Smem 207N HL T i1~ FLIAL IR I«
AE AR S e i AT 45 IR H A TR e, B G S A R R AR A W] A e

Arrhenius J7 FEdIA A -
E
O_memzo-oexp — A l_i (3'13)
R T T,

Horh Eao 2IGAE: oo RIRHTIN T, HALHCY 12.99%%,
A HARAT A AR, SR IAF AR 58 22 57

R Sor =", Swen =*la,
Em*&m” Ssol = +jc , Smem = _jc ;
HoAwpts: S =0, Snn =0,

3.3.2 LSRR

T AZ AR R r ) AL S B, T AL SR AR AR T A A . AR T RE
e Bulter-Volmer J7 fe, FEAS AR T HELAG A2 S W 25 1 L i il i A oo e i i

ErZ I
3
j, =i —ij exp (_aaFna J - exp(——aCF?7a j (3-14)
p,rfz RT RT
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o (o] (] [l omfti)] o
Horpr Byl i B, Ak F=96487 C:mol™; p A RIS p kB H R
BRRETRE, AEIbBIt, B, =05: fEHMEIMN, B.=1; , WiLIHRE, ERME
I T RE RN PR, e 30 S, T FEL 3 1K) P50 G AT e 8% 1 [i) 0[] ()9 A0 i 1)
KA @ IR T 0~1 2, AT X" KR, =050
i, i A BBARR (0 2 2 AL e i R, AR IE A

a

. _

i =i exp| ——22 11 (3-16)
Tl ORAT T )
- _

i =i exp| ——2< 11 (3-17)
TNl RAT T )

HHE,,. E, WiGtEE: i . i1 A BAR A I AE ST, RIS %
SPRIEE 1.0X10% 1.7Xx10%%°; 5, p bR R A, AR T O T AR A
b2 I AR GG AL G 22 TR M U, T BAROR
M = Piot = Prem (3-18)
Me = Dot = Pem — Vo (3-19)
v, BT 2 T e g, TR, S IR I e e LS R ) MBS B,
TE LR T A B F b h (T>873.15K), o AP,

P, ((Po, )
PP
V, =1.17-2.756x10"*(T —373.15) + 4.308x10"° In| ———~— (3-20)

PLE 128 2R DU B 570 3 A1 R ek 14D [T R L 24 L % B B 2R ) i)
3.3.3 RNYITEFEFKRI AR

PRI AT B IRORL it b, SRR A AR 709 DA S0 A AR A 2 B 7
D), MAKIE AR SN IR ) o PR o o BEONURORL ity S B, 45 H P 30 S W )
PR IR IR AN -
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m= Ml (3-21)
nF
L, &R AR RER DL ORI AR R oy i K 7n A -
M. Mol o« M|
m, ——tela oMol o Mol (3-22)
2 2F 2 AE © T oF

Hofrm, . omy S BINAS R R R m,, WK RGEE CAfr : kgs™);

2

M g FEZRBRE CRARE = kgmol™s 1y 1 AP R RITIBRIG HLIR. CBE + AD.

3.4 BENG

AR FEAERE T il 0T A R AR H it DR DA B2 2% 1) S B ag A7 i 0 i A (R AN (i
N R R AT B R D T MR A RS e BT A SRR L A T )
wL FEARUE 7RISR AT R, AR ACRUAR T 22 R Fa A 27 B g K
9y FEAURAT AR o e BT B T RSP E RE . SRS RE . Aoy R
ANGE R TR R FA S S AT B s i s R S A A2 R LA K N )3
FERIZK AL A T 1
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%43 58 PEMFC WREITEEER

AT TR AR I AR L A 7 Bt ) AP RS R RO M L P
SERONITH S5 BB IO RPR O TR U AP AT U2 P R it i 4 R 1) vl o1 A8 i
JOORE LK) = RS AR, 23 X LEAN AT TR AL 2 IR E A L IR 0 A 5
JRRL R A o

4.1 HEER

AN AT LUSRAR R AR T el 5§ A4 AR P AR AR o A 55 22 ) 20 R A% 1) B
PR SRR W TARY BUZ  AEACTJR DL S i (AR AR A R 1] 4-1
(a) o, AT WA 2 R, R AR A i SO s 4-1 (b

(a) FHBIEMARA

FRtR &R
FEtR E BRR S {4 A=
fRR i E
ﬂ%mﬁ , H&{ FEF=cimRE (PBIRE)
PRREE
PRtRHE PR SIEY /IE

PRR £ 35t

(b) FHIAERIH B}
4-1 R TR BB R F AR R
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4 E EE PEMFC HIUE VT 5 45 5

N T EE R M Sl R i 5 A AR L A TR RE AR S, AR T
5 T PR RO REIR 23 T BRI R, 3B R AN AR R AT R
WIE 58RI 0.8mm, AU 0.8mm, WUEVRE 1Imm, SRRAR IS P47 DR
AT ORRE B0 A KA 95.7mm, BEEh 26.4mm. B TP/ V) i i
TASHRPEIL R I B LT S8R 4-1 FroR. BRI B Gambit RISy, A
RN RIS T A SE R TE A%, AR BCR 0 IAERR 4-1 P8I .

R 41 BRI SEOR RS

I 5 %
ZH JERE (mm)
RN TR PATIRIE
LR 2 360543 607556
TIE 1 281317 151282
AR BUZ 0.35 128372 126456
AL Z 0.04 128372 126456
SR AN CPBI D 0.035 192558 189684

B 4-2 Dy SL BRI TEAIAT L4 1) L A 2

(PR LRI IREL (b) FATRIZ R
B 4-2 FRRATEREAT RS 1 r A Y

4.2 b REH

AF AT BN E 7 A RATHE IR KWW W RN DLS, & ZmA
BABHAR A VA4 i 0 4, B DU Ui . A SCEUE T 50,

32

(C)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



WL MV R A2 18 5 Rk )

LTI AN 1 BHARRT S A )R P Bt i s ik 1 4, Lk D s i it N A6
(GEE
AR A LU s e A T 504

My, A, |
=2 (4-1)
O, =—F
M, BRI R A, RoR AU R AL
EAL N RE R W TPhe /% a7 i SN WIE
Mo, Ao, |
=i (4-2)
T T uF

Hrp Mo RS TIEEIR TR Ay, Ron UL B R AL

R R AR qiia R/ N I DAl B b [ - A d o A = U s L B 4
MR K A A 0, 1 B AR & T B3R B f v B I BOE . 0 T B
HL AR DA I O, 320 S B T DAy A 0 PS8 T [ B 4 T A [ e B T
T34 1 A TG B A TR 45 F o TEARSCHUE RS, R i E S
* 4-3:

* 4-3 BIESE

24 AUl i

BAERT) 101325 Pa

HE S 0 Pa

(NS 433 K

AR 433 K

R 433 K
FHAR IS & R 2 (H2) 1.5
BRIt & R A (30 2
BH BN 1 Ho J5 0 5 1
FIFR A 1 O ittt 73 £ 0.23

4.3 BIFESH
5 ZLHA T B0 1 F Ak S B R 2 4-2 i
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A FE i PEMFC [EUE T 545 5

F 4-2 HALFESH

2 8 FLA
L EATTEAPNG) 25 Ccm®
BHAR AT 45 LU 3% i 100000 A-m?
FHAR 225 BE IR MR 5 1 kmol-m?
BHAR A P2 454 0.5
FHARAZ 4 744 2
AR AC 45 FRL L 2 0.18 A-m?
Bt 275 BE R IR T 1 kmol-m?
FH B P i 4 1
FH B A e 2 5 2
TF 5 H I 0.95 Y
A= LB % 0.3
ARG TERR ) 1x10% 1m?
L2 E 2 AR 2x10°
I HUZ LB 0.6
I EUZAG PR 1x10% 1.m?
L A4 5 B /K B 1100 kg-mol™*
L P9 115 5 R AL 1
L P9 o A5 AR AL 1

4.4 RBIEFMAGZE

X T J5 A H MBI R P v P 5B v S5 0 i FH B SR TV v SRR )% (CFDD.
CFD SR Re 0T H it 30 1 Mo Ak 25 AR S I R AT BB s R PE A T 9 DR B
SRR It ) BB AL A2 - 3247 Fluent. CFX. COMSOL. STAR-CD. Phoenics 2%.
HAp AR SR F 1) Fluent DRA A5 22 Fh R A5 10 RN 58 K1 a2 DA K i A B 1T N FH S5 A9 T
2, Ere ST e AR KA S AT BRARRRE, mT ARSI e SR s, R ET
DAIE FH 2 Rl TEAR o

Fluent FFHRBRAERRE — BN F: (1) SEERRIAE SCPE: (2) & XA AT, 45
WORSEs (3) AR E XEASH; (4) WERBRESM: (5) WEILALME: (6)
WEIH % (D YIEWE TSI (8) Jakb#t.

AR BAE T E LS T Fluentl4.5 KT, A REEHIAFEN RS, JRZtE
(T R T B UL, e I B HOE R R T SR DX R 43 o — R A P A AR 14
HARR, I ELA 3 g B2 AR AR AR 2318 Sk A5 B B HOG FE . 485 KA SIMPLEC
FAEATIEACKE . 0 T ORUETHRASBE, TR IR 221 W E o 1e-6, BIVYHTE M
R ZE /N T 1e-6 Jo, SREEFENSL. A T INPRE RS, TR R A B
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F-cycle, #5774 BCGSTAB,

4.5 BETEEREDH

4.5.1 Ribhgk

AR Hi M T 4 158 £ e XHPORL F M RE SR I I PEAL T B, B SRR SRR
TR A (XS NG R o B 4-3 JE RIS BETHS 4 R AT I PR 32 B 30
MR AL h 2 R DA% B e o APy DA SEAG 3, FEm A, PRI At iE T
AN Rl T AR IR LR 8 B I ZE AR, SR 2 v 0.75V, P I L it
JEBHAFAERNRZETN AR U 72 73 2 BEA7AE T WA I DX AT 72 451 2K X Ao
M Fh ) DR W2 RUBRPAR 70 T 2 1K) R AR5 R IR Z 45U R AR B AT /s, B
aFy A IPERE, X R B N O A ST AIARCIR 73 T S5 A8 1R 320 A A% o T S 1A T
e

1.0 0.4
—m—HRR R
o VAT .
0.8 e \\\
) ///-. \\ — 0 3
. P \.
: - /// '____..-’/._ TT— e \.
~ 06 ‘ ‘-i/ ../_,..' N .
3 \_}%!“/"«._._“.____ \ g
}: _.y// \-\.\_.\ -.-\___-..x ‘e o5 %
z /o T~ T g
= 04} / ~— ~a— =
L ‘/“/' \\.\ _\_I‘ _3
’ E I LA
02 / “e .
o -
/
. I I : : L . 1 ) 1 . L . 0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 14
L}iffﬁi‘fﬂ‘?.ﬂz(mcmz)

B 4-3 BPRITERIZFAPATHRI I HT-PEMFC $2AY i 2870 o 35 i 18
NIy 2 FE ] EFRATT AT U 21 PR 5 (1) 30 a2 B v U 25 P R 3 I 3, >4k
B RAEN, DHFRE PSP T AT Sl 128 3 Rk st 5 K T %t IR
Pyt HL R 0.4V fhiis, X RV (R FEL % FEMER 0.681A -cm™, DI ZR % K2k 0.272W-cm™?;
AR IR 23 T2 9 3 B K Tl 36t IR AE S H FBL R 0 0.3V I i, 0S4 FEL Y 8 FEE A Ay
1.125A cm?, DjZE Rk 0.337W-em?, AHX AT I B K D 2% FEH = T 23.9%.

452 RPNSERBED A
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4 E EE PEMFC HIUE VT 5 45 5

JRL Lt AR 2 B 0 s DR PN 3 A g A LK PE g o A0 (0 B v (1 H )52
e LSy e e B, A HLI AT R 78 20 AN 2) IR S BT AR . £ HT-PEMFC 1,
Bt S A PR BR LR 917 L AR IR, B AR (R IR JBE A 289 5 A 45 B A L

2.93e-02 3.31e-02

2.79e-02 3.14e-02

2.64e-02 2.98e-02

2.49e-02 2.81e-02

2.35e-02 2.65e-02

2.20e-02 2.48e-02

2.05e-02 2.32e-02

1.91e-02 2.15e-02

1.76e-02 1.98e-02

1.61e-02 1.82e-02

1.47e-02 1.65e-02

1.32e-02 1.4%9e-02

1.17e-02 1.32e-02

1.03e-02 1.16e-02

8.80e-03 9.92e-03

7.33e-03 8.27e-03

5.87e-03 6.62e-03

4.40e-03 y 4.96e-03

2.93e-03 3.31e-03

1.476-03 LX 1.656-03 LX
5.40e-10 4.13e-08

Contours of Molar Concentration of h2 (kmol/m3) Contours of Molar Concentration of h2 (kmol/m3)
(a) 0.7V “FATHE (b) 0.7V FERAEHH

2.97e-02 3.40e-02

2.95e-02 3.24e-02

2.92e-02 3.09e-02

2.89e-02 2.94e-02

2.86e-02 2.78e-02

2.83e-02 2.63e-02

2.80e-02 2.48e-02

2.77e-02 2.33e-02

2.74e-02 2.17e-02

2.71e-02 2.02e-02

2.68e-02 1.87e-02

2.65e-02 1.71e-02

2.62e-02 1.56e-02

2.59e-02 1.41e-02

2.56e-02 1.268-02

2.53e-02 1.10e-02

2.50e-02 9.51e-03

2.47e-02 ) 7.98¢-03 y
2.44e-02 6.46e-03

241602 LX 493603 LX
2.38e-02 3.40e-03

Contours of Molar Concentration of h2 (kmeol/im3) Contours of Molar Concentration of h2 (kmolfim3)

(e) 0.3V FiTHY (d) 0.3V ®PROERS
& 4-4 FHIRMEN BRI SERIRE
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&8.70e-03 5.82e-03

8.26e-03 5.54e-03

7.83e-03 5.27e-03

7.39e-03 4.8%-03

6.96e-03 4.72e-03

6.52e-03 ' 4.44e-03

6.09e-03 4.16e-03

5.65e-03 3.89e-03

5.22e-03 3.61e-03

4.78e-03 3.33e-03

4.35e-03 3.06e-03

3.91e-03 2.78e-03

3.48e-03 2.50e-03

3.04e-03 2.23e-03

2.61e-03 1.95e-03

2.17e-03 1.67e-03

1.74e-03 1.40e-03

1.30e-03 s # . 1.12e-03

8.70e-04 > 8.44e-04

4.35¢-04 1_2(' 5.68-04 1_2('
0.00e+00 2.91e-04

Contours of Molar Concentration of 02 (kmol/im3) Contours of Molar Concentration of 02 (kmolfm3)
(a) 0.7V FATH (b) 0.7V FRIFEH

4.22e-03 5.07e-03

4.01e-03 4.82e-03

3.80e-03 4.56e-03

3.59e-03 4.31e-03

3.38e-03 4.06e-03

3.17e-03 3.80e-03

2.896e-03 3.55e-03

2.74e-03 3.30e-03

2.5%e-03 3.04e-03
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