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Abstract

Proton exchange membrane fuel cells (PEMFCs) have become a research hotspot in
the field of clean energy due to their high efficiency, low noise, and rapid response
characteristics. The membrane electrode assembly (MEA) serves as its core component,
but the limitations in performance evaluation methods severely restrict the optimization
and design of fuel cells. Existing experimental methods heavily rely on specific flow field
structures and parameters such as temperature and humidity, leading to insufficient
comparability between different studies. Moreover, the strong coupling between flow
field characteristics and performance metrics in numerical simulations complicates the
evaluation of performance across different flow field structures. To address these issues,
this paper proposes a multidimensional integrated MEA performance evaluation model.
It establishes a linear proportional relationship between flow field uniformity indices and
power density, using the slope of the fitted line as the MEA performance evaluation metric.
By leveraging the correlation mechanism between flow field characteristics and
electrochemical response, and combining theoretical modeling, multiphysics simulations,
and machine learning techniques, the study systematically analyzes the influence of flow
field structures on reactant transport and current density distribution within the MEA.
Furthermore, through feature engineering, it constructs a performance evaluation index
system across different flow field structures, achieving quantitative prediction of MEA
performance under multiple structures and operating conditions using data-driven
methods. This provides a theoretical tool for standardized assessment of MEA
performance. The main contents are as follows:

Firstly, four typical flow channel designs serpentine, straight-parallel, interdigitated,
and meshtype were selected as research objects. The study systematically varied the
structural dimensions of the flow channels (channel width, depth, and rib width),
operating conditions (temperature, pressure, gas flow rate, and humidity), and MEA
material properties (density, electrical conductivity, gas diffusivity, thermal conductivity,
and specific heat). Using computational fluid dynamics (CFD) methods, the internal
distributions of concentration, velocity, temperature, pressure, and current density within
the membrane electrode were analyzed under different influencing factors. The
simulation results were then compared with experimental data and literature findings. The
results showed that the maximum deviation between the simulated and experimental
polarization curves (voltage-current density) was less than 3%. Additionally, the spatial
consistency between the oxygen concentration distribution from simulations and laser-
induced fluorescence (LIF) measurements exceeded 90%, confirming the accuracy of the
mass transfer model. Furthermore, a comparison between the Fluent post-processed

temperature field and infrared thermography measurements showed a maximum
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temperature difference of no more than 3.5°C, validating the reliability of the thermal

coupling model.

Secondly, considering that the distribution characteristics of physical fields within
the MEA directly determine the electrochemical reaction efficiency and subsequently
affect the output power density of the fuel cell, numerical simulations were conducted to
obtain the distribution data of physical fields (concentration, velocity, pressure, and
temperature) on various contact surfaces of the MEA under different flow channel
structures, operating conditions, and material properties. The "uniformity" of each
physical field was used as a performance descriptor, where values approaching 1 indicate
better distribution uniformity, providing a reliable data foundation for subsequent model
derivation. To establish a quantitative relationship between output power density and the
performance descriptor, a backpropagation neural network was chosen as the modeling
tool. The results showed that the linear regression coefficients (R2) between fuel cell

output power density and the MEA performance descriptor were 0.9780, 0.9745, 0.9709,
0.9848, and 0.9603, demonstrating that the uniformity of physical fields strongly explains
power density. Further analysis revealed that for the same MEA material, the slope K
between power density and uniformity under different flow field structures and operating
conditions remained constant, proving that this descriptor can reliably characterize MEA
performance across various flow field characteristics. However, for different MEA
materials, the ratio between power density and uniformity (K-value) varied significantly
under different flow field structures and operating conditions, indicating that the slope K
can clearly distinguish the performance characteristics of different MEA materials.
Moreover, a numerical correlation analysis between the K-value and MEA material
properties showed a positive correlation, further validating the rationality of the MEA
performance evaluation descriptor—confirming that the slope K directly reflects the

intrinsic material properties of the MEA.

Finally, to avoid the high computational cost associated with CFD simulations and
to enhance practical engineering applicability, structural and operational characteristic
values were extracted based on the unique features of different PEMFC flow fields. A
random forest method was employed to analyze the influence of these characteristic
values on output power density. Using the extracted characteristic values as input
variables and the MEA performance descriptor as the target function, a neural network
was utilized to establish a mapping relationship between the characteristic values and the
MEA performance descriptor. For five different materials, the regression coefficients (R
2) were 0.8257, 0.8746, 0.8868, 0.8596, and 0.9067, respectively. The results

demonstrated that a linear relationship exists between flow field structure, operating
condition characteristics, and the MEA performance descriptor. By analyzing the
structural and operational characteristic values, it became possible to predict the MEA
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performance descriptor under various MEA materials, flow field structures, and operating

conditions. Consequently, a relationship was established between the fuel cell’ output

power density and the flow field structure and operating condition characteristics.

This study integrates multiphysics simulations with data-driven algorithms to reveal
the effects of flow field structure, operating conditions, and MEA material properties on
MEA performance. A multidimensional integrated MEA performance evaluation model
was established, providing a standardized assessment and theoretical tool for MEA
performance prediction.

Keywords: Proton Exchange Membrane Fuel Cell, Membrane Electrode Assembly
Performance, Flow Field Characteristics, Evaluation model, Neural Network
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1.3.2 BiF 33 fR AR B it AR ER AR 1 RE B ST IR

S AR A LA 22 S S B B P, o) % T ZURIR R 2 0k H vl e e e A B
s o), il T EFEE MBI MR, MEA 1T LA A =FR, 43052
GDE 2. CCM ZUFIF fpip 82021220 hn ] 1-5 o 5 SR> il e id 4 ),
HAMAY BUZ (GDL). #LFIZE (CL) KT #HE (PEM) LRI 1 25—
A MEA. HiZCRH Nafion®, (HEEEK (50-175 um), FEUR 14 FRE
B HEALTTZE 5 H S E PYC AL (4-10 mg Pem?), {HF]H AL,
FRAR R . I MEA MK BRRE DR E, 25 5 DR/KHE BB /K 52 1 GBS, TR A
PEAIR, MUK ERIT. Ak, H—AAMEA ) TARREZR (60-80°C),
M HEAR R . R R MEAFI A S . K HRE 75955 W A, (HE B TRk
ME AR B EEAL 2T 55 — A0 MEA 7E55—UIEAE BidEAT Tk, FRIK 7 HEE Ga
H#<0.5 mg Pvem?), FEEMETIFIHZ, bR IR . T A8 46 i T
(<50 um), PRIRAPFH, $eFtT1& S Mkae. oodt TAKEESR, S5IAMILE
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EAL A R i
(MPL), Mgy 802Gk, JAb/KER A . thak, (AT ER G S
BRgKEE R, TR AR AL g, TAEEEY B2 80-100°C, kMR
1271, #%IT GDE 4 MEA RS, CCM B! MEA ) CL itk Eiim, A
BR B S T R AN T BE,  [FI 2R R H TE 2 EAVE VA S, B T R
PERE S H IO AT SEME A A 2 P AEARVE DS, 28 =A% MEA 2B (AL 7
ghhy, RAMREIERHMET (i Pt A4 Pt 5eZ450. RS BENTD, K
MEPRAR 7 A . AR T8 3 (<<20um) b IBH, $2E TR TR SRR,
ZhangP"%E N\ R S AL AL ERGKE (H-TNT) FEBIAE Jy i BEA 7 148K
M SCHER R, R IEER T AR R 7T o TianP2iEad —Msese ik, DAEE B
I BAEE BRI E M B (VACNTs) fENER, #3078 7813 &1L 3K
KT MEA 2044,

Rli4L 7 ah & Nafioni#f i

M

GDE

«CL
(b) s s
i wmerm —.
; :
=4 =
£ e
PEM CCM
flli4k )itk R PEM <. GDL
©
B [D ‘_‘CL B e
I . . Bell |
e et #FLMEA

& 1-5 MEA [ =F1%il a)GDE % b)CCM # o)A F L2

JEEH (MEAD AF AL S S B R AR B OB X 38, HME BB R I T B4 A el
R RSB A JoE R mERH . BN RS — Mool st 7 %, EIEmRARS
EAFEZ A5 NKEBZEEM, UMK liERe )1, %2 FZ ik Ll & E K
IZRVUIR O (PTFE) MR, SRJE P AL B W f ybis A7 ok R v I B2 5 1 B2 1)
A, RHEEAR (MEA) PERERIFZNN 73R, FERRARS AT E Z 18] 5] AKE
PRZ 6% T T+ MEA [ {4 g 133343536371 Zhigang I 58 B, 1E/KEH)Z
ol g2 MEA S5 5, AT ROH B BT R 4CRR 28 BT ) 1 e 2= B

Mirzazadeh* Vil i A RS20 70 BT AL, /KAE B2 RERS A 23T MEA 1E = FRAL
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AL R i
R IR RE . LinBoOSEEH S T OKEBE K REEER, 4REH, K
B ZRE A R AR N BRI K Ay oA, Yk KEE, RN IS B AT 1R AT
0 JIEL () R K I G A B B A ) 7K i, AT O MEA R B AR PR

B (MEA) [PERE B E 2 A Ml T A0 e K L 46 s . 7
il L2ZREEMEO T, Bk e xcHEE, HHf, NafionTM &%) 1
AT AR IH 2 R A BB, A7 AN SR LL Nafionl17 BEOABFFIN R, B kT
RIS TALER, SR BRI K S E IR IR G R T, R H )
LA 2 HA T R I R B2, T R AIGIMR el iki% Ceyclic voltammetry, CV)
R MHPTiEF AR (electrochemical impedance spectroscopy, EIS) 2% £ 415256 .
R IRALE vy LA 25 P X 3k 28 e R RS 0 Ak 38 1 o e A PE BB AR 21 T B3 327 . Hsul014%
NFET 5T A8 He JEAE 5 77 SE I K R AE T e Wk B a6 RO I RE v, $8H T “
K W, 12TV RE NS G R A R S A8 R ) 5 o R AN R A T AR
TR AL 22 OB TEPE X, IF PR S i FE i FEL e, AT 32— 25 2 vy B P A ) 2
PR .

Silval*!&E AR it #a vk 2R s A 35 % MEA 3EAT36 1k, DASEE
FE TR . VG AL S A RE, SR AR 2R v . LR AR AR
(LSV) PARKAZHFHBTIEMI (EIS) 552 FhaRAEF Bl AT YERE VEAY o 1% 1tk T AR AN
AL TR BTEPE BB GO, R 8 1 AR IR K R . Yang* AT Hul* 158 A
et T M= EAOT I, R TR R A SR R R &, 5%
SR IEN 1V R TG R, 2R BT TRk e R AR T R
=PRI A SRS SN A BRI S kSR T MEA VRS, XML
BT BN = A S ST AT, AR PRI e A M 1 TR IS DR MR PR IS Pt FH &

Qing 1% A\ R 122 Hu it [ FE §2m MEA PEREREAT T ST, R PR B B ot
MEA T RERSM R 2, HRIE D Bt S A 1) 4% 26 S5 TR LA AR AR R A 1
JEF, Nafionl12 fEHJEE )y 50 um I, HRTHHREEIX 1100 mW/em?® , ZEUEL
R 180 um JEJE Nafion117 W) 2 £% . BT AR A 19 53 1% 8 FE Bt A i
JEFE (Rl A TR 90, T DA B e A S 5 FVB P BB o Ohenojal® 148 A0 AL = &
JEA PTFE & &M MEA HERERHT T 9T, SRE0SEHE T 60 CIEEEAMT T, K
F TGP-H-120 BYBR A B E A2 ik i, BHAR A A7) 67 2k 4% 1 E 0.45 mg/em?® .
MR, IMNILEREA KR AR, (825 Fth ) R 5 18 0k 3 e v 1R
YIFLEEE B 38 um 2 TF R 136 um B, HIWPERERICTHER, L 84 um [H/E
FERI . EMAFLZENES PTFE S &N 0, 1A 570 mA/cm? HLE LR, H
ik e I RIS R, 1R A 1500 mA/em? IR ZEE N, PTFE & &k
20 W%l A 2 fE % 0.5 V.
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Baol*15E A& B T 58 SEM FUE S e TEM I, ik AR &5 x4
T+ MEA PERE R IEH ot Hrh, GDL 2&k4H25 /KAL) 5 /K 1 F1 A AR AL 4
[MEisKiEIE, £ PEMFC S Y)3is T WPINRAS JUREE . CL 2&BONEE FIMERZ,
L AL S B 77 32 BRUR T 9K FLBR 45 04 2 A A v VAT s A 25 SR A B A Ve 1)
BIER I BARK) MEA 5 ARG & B 0 FL B 45 44 DLORIE KR A& S i v
ROHAT, A R0 SRS S 2546 LR IE i T A 7 oL 2. o, BR
Wi oy T DA R M IR 9K 41 4 22 TR (AL 7] Pt 3R T X 248 2 5, T2 B F | 1SR iE
FURFIEIE . 35 008 RN SR 23 A BEGRAIE T = (05 14% S RE,  thASRE I f#
IS VEAL s B R S DY . Rk, RS R IS AR T T
A AAA i TE 2 S PR e MEA PR EET [ 2 — .

AlinkB215 AFIF X SHERATH XRD, 43871 T B CL A &Rl or (anBs R4
. AT AR AL FIEAED T O, Al MEA 52, R CL W iR R
T EIRT MEA ST 264 DL AR A BRI R o Braaten®?158 A\ i8I 7 CL
H g ON e I ST S SR AR it A FE AR P S 1 S R AR S AT A R L TE A, SR B CL
AL FE R LS Y B SR It BE 4251 T 67%. ShahgaldiPY4§ Nttt 7 HA
Wy AR BN C KIEmfEitERe, RUEEIE PEM M AIRE B & & 2 SR
JEWE AR T 2 LA AR T T . DongDY5E N T T o R A A4
CL/PEM SR A 7t Hoxf sy P Re sz, 5 BRI A AR b, %50 2 85 4 A 1h 45
76 ) T 2 i FE MR ) AL A0 PR T A o Chod P12 A\ SE i Fi 155 35 T A 2 Th RS A
Nafion Zit45] AE] PEM Ml CL Z [AlRY K & W Ftin#flimntl, /£ C 5 GDL &
(TR 1 WOR BE B BR, 3958 1 HAR S AR oK A AL S BE 77 Fengl 88 Nl
PR IE T2 T A MUHESIE . Bk @ 4544 1) MPL $2 5 MEA 17Kl
SAEERREST, AHLEERINZE R MPL, 745800 MPL A F|F7Kid it S5 /KiaEiE
FE A AN S AR T KB E R A BT E A AT, e I 0 T R
T 30%. LiangP®1%5 A\ fif AR LS IE MPL 3R TH W1 H B RCK R0 7 IR 4544
PAMEHE MEA HREEI, UG 7 IR )7 ) 28 BT S4B IE 1 7 s, MPL ¥
JE IR 45 K9 0] DA R4 R /K FE RS 4% o Huang128 N\ I 245 R I8 AR UL T B2 SRt 9T
MP Fl C 2 [B] FTHI FOREREFE P ) rAR A NP R AR S A2, 3R 0 E I mh # B
A HCR KSR MPL/CI S [UHERE FE 39 0TI 98/ o Shangl®4E NfE MPL 4544
SIN L EE TR T 2L 488 BN KRN AR AR S B 520, SR B BEAE MPL A8 RAL
AR LLZE IR I, MEA H LB JibE < FRAK,  Hath e b M e o Bt 2 15 2082 7t .

DLt e R, AR ARG IR K E R . EREENR TR
B S LR, %P MEA 3ETIEL, LR AR IR EE M B FE SHTRTEAS . B/KAF
PE. FLERGS Mt AT, BEmAIAE -V BhZk. Mfbmhsk. b 2ZPHPTRE. JEIRR
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L AN [ e S VAT
ik KEHIIHORYS MEA [IPEREZEAT PIAL, SR I £ Ul 7R KAl R A b
SCIG I T T, RAETE R R BRSPS IR 28 E, VA m A
AR REAATERE . I, ABFSCE AR R Z MR Gz ai i R, 817
THZEE MEA MEHHESED FE X MEA PERERISZIE, PLHR 3 &id AR A
KX MEA % BEBEAT BEAR VR

1.4 IRAR

AR _Fd ) B 9 AN AL PUIR LS S5 R0 0, ARG MEA P REAS I 77 7% AR
REMAE— EFEME | Rk MEA [1HRE, (RANAAAE— A 2 2 Ak

(D) ARG rr i 7732 K # O B T F— R 30 MEA PERE RS20, 1T 52 B 1)
PEMFC TR — N ZHERMEIEANE R RS, M4, 817 THLLL KB
MM B 55 R R 2 (B E A R ZL AR GO0 R, X IX L 22 PR 3 Al & A IR B 52
AR

(2) G 2 R TR B ST A B 0T, MELLATH &1L MEA 42480
R, HIESRIAEEMNEETEA 2 .

T ERAFFLER O, ASCHREH T M2 4G o TIESE . BB S
WZSH 1817 LS MEA MRV EER, REESR R —RRZ R,
HIEIEE T Z W 0 BB IR, SCHlSRY . £ Tl MEA PERER
PR PR o A SCEEAARHT 7 S I B 1-6 TR

[E?ﬁ%%ﬁmﬁ?iﬁﬁ%ﬁ%wﬁ%ﬁﬁ%ﬁmﬁﬂﬁﬁ]

) ) 1
B, TR . TR HE. EFREEY
L TR 5 HEE BV 40 BT 725 3 1 MEALE BEVF 61 35 PR 52
| 1 1
e i I—x[é\\, E‘/—\ 414 .‘I\i: é;j:.:ixg- = % ‘/ Ha
(e | [E%Wﬁﬁﬁ@hhmﬁﬁ][ﬁ% ﬁ%%ﬁ?ﬁﬁﬁﬁm@m]
| |
I L) 1 (FRYHEETREEEDE | ((mEs P
A % S (7 B S AR
(st | mmere, | mieger | | B OREB. EBH. EAB.| | 5EE0MEALL AN
I T B MRS 95184,
W S
% ] B !
" ?‘“&& WM (RS * MEAYE RE T4 Hi 4T S5 AL 1
H St e i PR k) hEREE EMEA PEBE VRN HE AT S 1L
[ Ferpi ity it 9591 7 R B
] |

(ESbE R IRz A 7, 1
S, EAS A R —
s

[ﬁﬁﬁ%%w~ﬁﬁmﬁﬂ\ﬁ J[m%#2%ﬁﬁﬁﬁ%ﬁﬁiﬁﬂ] [ msi smamn

[ SeEmB bR

Bl 1-6 ASCwt 7T g
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HAANEW T

(1) @3 7RIS E TR B2 05 18 LS K T i iz 5 72
FE A IR T A R R R it A A . B 5BI2 1] SolidWorks B X S AU yiiE (g
BRGE . EPATHOE . SR RE . AR RED BT A B R R b 3E4T 3D
AR, AT AR R . IS CFD 8 Fluent 5638 B3 A 56 A AR Y 1%
SHCRHATHA, IFELIRAE R, AR R A R . B 8 I A A Y
G RSE GRIETERE. REE. W5E5E), BT Lol GREE. B, AMERE. @
JESE) A1 MEA FOBMRFVESEAT BUEARAL, o8 T A2 1R IR P 3 (9
FEop Ay SRBE A IRBE AT T30 A0 DAL IR B A . R — E VE BN
P/ NTE IR S, T 2 NRIE SEEE A B RIS S B SOV XGR I  #ERE
AR, 20 S IE R A A B T427H MEA T£fE.

(2) AT FHLEALE MEA TERERIFATT, W70 T MEA WYy (KRG,
W IS WD WAk, IR RIS S AR v MEA TERERY
fabs, AR T A FIRID AR . AR R E, AR LT MEA #)Z
B (1) VYRR RS B3 S EER R HH Dh R . NSRRI RN MEA 2% J24%
fia T ) DY R A BRI (K 2 S P OB NARL, i DR Y A bR ek AL, A HILAR 22 )
FEALHES T MEA BI2) 85 AR B2 2R &, BIFE MEA MPRHEDE T, 2
PUIE S5 F RAT AR 00, H B 4t A 5 A5 211 MEA (1355 1
FE e — e . FR K ERRNS MEA KR RHEVERET 78U RER, SRk
1 MEA PEREPFO R AT (5 2k, BIRER KB E MEA B 5 AR -

(3) 9T IR MEA BITERE, ARAIEAE A R A, ARAE AN [T
SR FIEAT TS R, SR T R AR A AT TOURFAEAE, R BENLARME
TP T AN TRVARFAEAEL X o Y D R S B BRI, I BLR I S5 # A3 AT ORI (R A2
B, MEA N HEbRRE, FIH 2 W 2% @SR 45 i Ag AT ORI E 5
MEA BJ2]EZ (A S S &, il oA A R 45 RIS AT TOURAEAE, IS AS R
HUARATEE T B MEA PEREBEAT VRS AT, DAIER S- 3k e LR 1R 1 R AR AL
BETTHE e R LU B A HE 12 E



A IIPN 2 ArA 'S
F2E RTFZHEAREAEMIBILSITHFTE
R T A IR RL B RIS AT AL R 2 VIR G 1R, B SRy B i .
FEHIE T BT AR LKASHADSEE AR . R IR PR b IE 5]
BTHR BRI 5 AL 2 R AFAE, A SO 7R T AR FIR ) = 4R S
BAEAR, ZERRES TR R/ R/GEESFIE TR BN ) 1157 FE L
KA AKAHAR IE R i 45 il 7 RE L0
2.1 ERTFIERIE
2.1.1 RETFIERIZ
%+V(spu) =S, (2-1)

X, ENZANTMALER; p NRAREE; WARRERE: S NRER
LRSI

2.12 HhETFIERFIE

% +V-(gpuu) =—-sVp+V-(guVu)+ S, (2-2)

X, p AETIs w RBNITRGEE: S, B JTIRI, A ET PR 553 70 s B
J15 B R AL B A ORGSR B AR id . X T RAMATFH A TE, 3 IR I
0; AT 2N Y BUEFELE, 31T LRI A

&:ga,
K

p

u (2-3)

R, K, HZANFIBEE.
213 gEETFIERHTE

G(EpcpT)
ot

+V(gpc,ul)=V-(k"VT)+5, (2-4)

Kot o HREEWHA, k7 RFEMAGE, TRFRE; S, TRt
VT, A YR G M (L SR AR (S ) HISHERS (S0 IKIH
(S,) Al (S). HRERTRRN:

12
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+8,+8,+S, =S, oh

reaction

S

0=9

reaction

+i°Ry, +1, 0 +S, 1 (2-5)

X, BANWERER OGRS, o WAEKEBTER: hpion IR
Rk i AR L Ry, AR, 7, AKOREMARN B R Ay,
NIRARAEIS WA S, IR RIS e it B mp ot e

2.1.4 HyTFIERIE

d(ec,)
ot
Rf, o AHMIREE: DfY WAL A MY BRSSO RS T AL
VR RAMERETRRAE, FHik, W TREMTHZ, S=0. fEHLES, S
TN

+V(euc,)=V-(D;"Ve, )+, (2-6)

_MH
Sy =——=R, (2-7)
' 2F
_MO
Sy =——=R, (2-8)
P AF
M
S =—2R (2-9)
H,0 2F c

A, RONBHRHRFE B, ROV AR, F Ok d s &
(96487C/mol).

22 BiFERIE

22.1 BfTFIERIE
V-(o,Vg,)+S,=0 (2-10)
V-(o,Vg,)+S,=0 (2-11)

A, o NBEMESR; o, ARMESER;, o NBMBEYE; ¢, NEMHES,
SN T HFIRTE; S, BT HERIRI. ARYE B E R, S +S, =0, XF
FHMR A=, 47 S, =S, <0; Xt FRAMMENRZ, 7S, =S5,>0;; HRXE, S =
S, =0,
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2.2.2 Butler-Volmer 52
a,Fn, -a . F,
R=, ,ef(cmf) [e 7 -e &7 ] (2-12)
%Fm —aaFm
R -]cref( ref) [ - KT ] (2'13)
COZ

Kok, RIS RIS, ., 2B
HORIBI R 25 a2, o o, 0 BONBRRAI R R AR R €,

Co,~ Cil~ Coy 73 A BIRR A PIRR ) S SR JE 5 N BB WL s w0, 53
AR BRI AR (178 RE w, o, 20 A BRBRART A AR R i A i 3

223 SEBESEZINRPHT EAIE

7p 7
zl=e”0—sflf{3q [%} (2-14)
p 0

Rt o AL, o AMEAKIAE, DO NALS i B %EIET, JIES)
Po T AR - MERRY, o AEAET. - SR

224 Iﬂll_.\7kﬂ:/ﬁk 'ﬁif H#E

8
EPS) | v piis)=r. (2-15)
ot
pW psa
rwzcrmax[(l—s) RT tMHZO_SIOljl (2-16)

A, 1, WKERER, o NEEEREEL s NIRESKIER 8L p, NKEE
BRI Do NKHIFNZES R, o, NKHIZE,

2.3 AR A ERRIAI S E R ThER
23.1 RHBIEE

FEVEA T 2 B BLRRRE H i A S B 37 () 70 AT RIS, 7 S M 3 I 2 5
PEREAT VRS, DAREEY B, Hit 8 A XDy
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(2-17)

X=— ) X (2-18)

X o, BIREHSIE, x, NZRm LR, (KA o DMK, n
RN IS HL

2.3.2 BARLER hig H Th &

i Th R PR IRRL I R G AT RERE AL IR, AT
F,=Vi (2-19)

X, VRNITFEEE, [ NEFBEE T R B RS IR,
2.3.3 75i1R%E MSE FfiEIJIZE % R2

1 —

=_ — . (2-20

MSE n;(y’ yl) )
Z(yi_f)z

Rzzl—i’j‘—_ (2-21)
> -y

Horpy, NSbr P4, T 4R MSE HUE RS R LT 1 4R
FAZAR R T 1 BE BT

2.3.4 MEA ¥5E

y:klﬁai.kzﬁbi.k3ﬁci.k4ﬁdi (2-22)
i1 i1 -1 -1

A, ki=1.05, ko=0.9, ki=1.1, ke=0.925; aREIREIHILIE, bACEREE
WA, REENHAE, dREREIHEE: BT 1-6 57713 7R channel-
a 5 gdl-a, channel-c 5 gdl-c, gdl-a 5 cl-a, gdl-c 5 cl-c, cl-a 5 mem, cl-c 5
mem AT -



A IPIPN- A1 e AUATS S
2.3.5 sm/h-mKIA—1k

X=X
X=—-""— (2-23)
Xmax _Xmin

Rrf, X BFEEHE, X 2HENEEE.
2.3.6 MEA T/iXEEFR

s=3s, (2:24)
i=1

Hrfiy MEA 4115, s,y MEA R38RV — AR B SRAS 10 7 ik I T
o

2.4 BT HRARIARL R A S AR EY

JORL R AR AR AR B 2 s A AR, HBUE R A O YE S
e CUnEAL 2 B e i RS SRZARME B S . i T, &
W 2 Yk LS R T EASRIBUSR IR AR AL (RS T s i AR
ST THUZ) SXRIR R O RA S, T ICRI LRI RSt

JRF AR F b R, AR B AR S N ) B A ), B AR D
KRN B i AE BN 2 FLAR 4 /= R AL 2 P iz i A
A T Z AL R BOLSLH], A AT = AR S e PR AL U A Al
RN, RS T BT, KT CISERESES) iz
PEROFPEBE AR AT, 5 S B IORL F s AT I R B S S R AR
ERE L AERHUE 5L AT N EZ IR GIEN . BE. KE. HiE., #
Y WARBEE LR RSB &

AT AR S A 26 RIS . AR K S AH IR T R SR #
D HKERERNAR, HOESEERIL B2 RS HO R AL .

241 BE
ST AR AN, WTLAZRS IS, R R AR
p=p®/£§T (2-25)
ST AR, SR T AR
p:(nm+pﬂ§;T (2-26)

16
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X, p, WERTERIELE ST (Pa); R ONSMAEERL (J/ (kg-KD; M NHITH
TR (kg THIRE (K): p NEMEIREX T (Pa).

242 ¥EE

INFIREARA R, ML g —BRIRE R R, D TARR A
w(T)=A,+ AT+ AT +-- (2-27)

R, 4, A, A RNERE, WEEEAGEN, R DU R A
2.43 Eb#k

IR AR, il e, —RGZRE AL UZ TR
¢,(T)=By+BT+B,T" +--- (2-28)

A, By, B, B, NZRE, WRIEEZEN, ] DLUEE R
244 HExRK

IARIR AL LR, SR BRRE NS, D2IRRN
k,=Cy+CT+C,T? +--- (2-29)

KX, G, C, C RHZEE, WEIEEBEN, HG200] L% 5.
2.4.5 AT
FRAH ST A T B R B

2 K3T3 1/2
WEERDES SRR
D, =1.86x10"T"*( L, 1 )" : (2-31)

M, M, po—jBQ

X, d N TERS (D, G TFZEBARIEHES: K, ABURESHE
UK, A5T 1.38x107); o, NAHEEE (m); QAR T ONSE
MR (BRAL: KD: p NAIERIES) (Pa); M S THIIE (k).

2.5 A FHRIERRIE



(IR N2 T =X VAT 'S
2.5.1 IR EHE
S AR TR AE P AR S A RIS, S5, B U,

Joi A e U AR T AR 2 H . U AR A AR oS . B AR Rl B 2 50 S
1 RT, 1

I
u, =¢ %4 -
e é/a 2F " a)Hz,in pin,a Ach (2 32)
imax 1 R‘T;n 1
Uy =G A (2-33)

c m
4F a)Oz_m pin,c Ach

KA, oo ARKTPEIRRE L, & Ot &S, A, v is A,
A, RRIEE AR, p NRAERIED) (Pa), T HSMAKILRRE (B KD,
RISMHEH (I (kge KD,

2.5.2 1ERUEE

N TAEE UL RS, X PEMFC B RE R fig s DL R R

(1) PEMFC 7ERA N T1E;

(2) PEMFC W SRR &) A3 AR U

(3) WIE NSRBI R Z AN o] R4 30

(4) Frf Z AL B a3 50 B4 1) [E) 1

(5) ZW&E IR
2.6 KIRTRER

FEART TR 5 22t R Rerh, BB SEBL 3 BT Ansys X — LR
UL . S0 AR H i 1) A3 T SR R, Fluent 344 A E ) PEMFC
B T 7 RE SR TAE . RAE BRAR UL N BRI BSOS FE SR R EOR, Bk
Hl 7 FRLH I BUE AR LLIRE . W T E S5 K 1G4S, Simple HIA#E
PN FE R F B il XA bR B S B AR AR BN A . R T
W SARE I T TR B, BT A 2L E T F-cycle B2 EMASHEA, [R5
UL P P AR ik LA s BB AR P . TR 1- R A R R IR A PISO
LI, o 7 R R B O S B B XUk 2 5E R

2.7 REING

R EEME AR RS ZHRE T SHERR F A A AR R
[RIPANN T i3 HAL 22 S S R 30 77 5205 A BOK 7y T AE B S AR R AR S R
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TR XSRS R, TR BOE TR A, R B R IR R
T E AR, B OREEAT BT A MR L b R A LS FE3T R 1
TR LA



A K S
%3 E ETHARIG MEA e EERS o

A B G TE T 5 AR OR B R RTE O, RGUTRE TIERRIE. B
PATIRE h TLIE S % TR TE ) = 0 FOEARBIE 7 . IR H e B 1 diiE

I RE BTEEL . U R B A R E A S HOS I AR AL (MEA) N B4R
Pt e S AL AR RE RS LA, IR TC 7 IRIE JLTRFIEXT MEA TEBERISZNA .

AutreiEd 2 LOCEME RN it sh 580, Ve 2P MEA TERETHIT R
RURRR St 1 FEnh il P 4%

3.1 #RAENT
3.1.1 JL{f4REY

R T 5 AT BB AR Bt T SR T L . B KRR BH AR A 5 B AR
M. 2T BRGSO R X IR BL R AE i OB AF R 120 i . A
HEAB, e REr i LA 2 4ER WA 3-1 (ad, B 3-1 (b) Juit 5. i
TR U E5 A ERTERE av FRDERE by B8R o FIVLE & B h, a1 3-2 Fiow
ERF LTS EIE 3-1.

— > ARERR

FRELR l I P
\. / FRARY SR

FRTFLHE <
/ .. \ R EUR
R T g

— > WIRERR

a b

B 3-1 a)J LA 2D B b)it B,
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oS AN T e A 7SS

e

K 3-2 ik iE PEMFC &1 45
R 3-1 JLEE A2

ZH HE
AR (mm) 50%50
LR = B (mm) 2

FHAR T HZ =1 B (mm) 0.2
FIAR AT HZ = B (mm) 0.2
RH AR A4 2 5 B (mm) 0.01
AR fE AL 2 15 B (mm) 0.01
Jo3 A 4 [ 5 FEE (mm) 0.05

T S INIAE B 25 22 REE, 3 B I ORI B FE S ) v B EUAEL, RIS R
AR IE RIS, A DU Y MIE .

(1) MIEFRE: MheeE=1: 1 JW%EN 0.5 mm), BURRIENIRE, 75
N 12mm, 1 mm, 0.8 mm, 0.6 mm, 0.5mm, 0.4 mm, 0.3 mm H& IS
BEx 3-1 thiF—3.

(2) MIETE: MheeE=2: 1 (JW%EN 0.5 mm), BURRIENIRE, 75
A 12mm, 1 mm, 0.8 mm, 0.6 mm, 0.5 mm, 0.4 mm, 0.3 mm H&JUHEHES
BEx 3-1 triF—3.

(3) VBT MTEE=3: 1 (BN 0.5 mm), HURFRERIRE, 737l
A 12mm, 1 mm, 0.8 mm, 0.6 mm, 0.5 mm, 0.4 mm, 0.3 mm H&JUHEHES
BEx 3-1 thiF—3.

(4) WAL hweE=1: 2 (W%EN 0.5 mm), BURRIERIRE, 77
4 1.2mm, 1 mm, 0.8 mm, 0.6 mm, 0.5mm, 0.4 mm, 0.3 mm HR /T2
5% 3-1 IR —EL

(5) WA hweE=1: 3 (W%EN 0.5 mm), BURRIERIRE, 77
4 1.2mm, 1 mm, 0.8 mm, 0.6 mm, 0.5mm, 0.4 mm, 0.3 mm HR T2
5 3-1 fR¥F—E

W\
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L AN [ e S VAT
EOTATIRIE . TR ALIE . AR B0 (0 ) L AR A5 7R 2 0 5 e U 5 4 DR 35
— 8L BRI ARDY B PR

3.12 BAREZHEHRTIESH

FE RIS A, BRFRRE SRR BIECEUIS, BT H A
REEmtE. DRRRIE NG, £ 3-2 NRRIRIZIRITER I IE 1T S8R
TEAF, FMm IR RS B %, Bzt 3 s B AIRES 0.2 V-09 V,
TR R 1 AR R SR, A S i i e BN IRIE AT S 5D R A
AT, ML RIAFER AL 2. BABHAR N AL, SRR B 3E 561 1 e
Mo TR FTIA TSR IR Ak

R 32 BT BB AR

ZH KM 28 i
AT (K) 343 IKY B R (m?/s) 7.35%10°
21T 5 71(Pa) 101325 T HUEFLIR R 0.4
th H5 e (Pa) 0 EAE LR 0.3
T LR (V) 0.7 [/ BB S5 SR AR RS 18 (%) 100

I/ B AR R (K) 343 H B 2 2 2 $i AL YL %% 2 (A /m?) 10
AAEERK 1.5 H A 22 28 46 LI 25 5 (A /m?) 7500
ARTERE 2 FHAR IR B 25 0.5
FH AR IR (K) 343 AR R T 25 1.0
AR SR (K) 343 FH R FLer 3% 4% 2R 2K 1.0

AT R E(mYs) 1.1x10* [ ¥ L if e A% 2R 5 1.0

AT LR E(mYs) 3.2x10° )i 715 5 R %L 1

1/ BE AR AT k2 4 ik Ay 120 9/ BE A A A 2 ik £ 100

A S EIKE (kmol/m?) 1 A HEUE (kmol/m?) 1

JRF AR (PEMFC) [ Fa AR M RE 52 2 Alig AT S8 semi, N T
RICA RIS AT Z B0 5 A B OB b i r R PERE B2, BB A is 47
LSk, ARG NS AT TO 240, B85 %R 3-2 MF, KR
BAESHORYE Fluent N & PEMFC AR BTSRRI, BARSUE WK 3-3.

% 33 BT LI EERIESH
FHAK  BHARE BABOK RS FERRBR BIARR

s #,
’;E‘(Tlf)ﬂ “(fmjfﬁ BFE OFUE R WRE BnE B E(EV’;
BB A A% AR ke (kg

303 1 0.1039 0.8960 0.0160 0.2293 1.78e-06 5.88e-05 0.2
313 1.5 0.1332 0.8668 0.0212 0.2281 2.02e-06 5.91e-05 0.3
323 2 0.1679 0.8320 0.0278 0.2265 2.12e-06 5.95e-05 04
333 2.5 0.2084 0.7915 0.0363 0.2246 2.25e-06 5.99¢-05 0.5
343 3 0.2544 0.7455 0.0469 0.2221 2.42e-06 6.07e-05 0.6
353 3.5 0.3053 0.6946 0.0602 0.2189 2.63e-06 6.15e-05 0.7
363 4 0.3603 0.6396 0.0769 0.2151 2.89¢-06 6.26¢e-05 0.8
373 4.5 0.4181 0.5818 0.0977 0.2102 3.63e-06 6.41e-05 0.9

3.1.3 FREBR# R
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BRE AT R XS PEMFC IR REA 5 E B . AR T 2C i i
WHZ AT EUZ AT S RZ MR, AMUAT B S PEMFC (1)) 240
H, IERERE AR E e . T AMERCR . A OB I B4 A R R R
P, PR IC TP B L ARORA B LR P 6 T Rk P v A ¢ it 1 RE PR 2 o LRI S AL
* 34,

% 3-4 MEA FitE 3%
MEA = Cp Ltk MG AMTHEL SR

~7) it
THES AR [kg/m’]  [J(kg-k] [w/(m-k)]  Z[m?s] [S/m]
GDL(difflayer- 2719 871 5 1.00e-09 5000
default)
MEA]  CAtalysi(catalyst- 2719 871 80 1.00e-11 5000
default)
MEM(electrolyte- ;4 871 0.2 1.00e-10  1.00¢-15
default)
GDL(TRAKE) 1300 1000 2000 1.00e-10  1.00e+5
MEA2  Catalyst(f1454 %) 14000 130 50 1.00e-10  2.00e+6
MEM (SR Pk 1k i ) 1350 1600 0.3 1.00e-12  1.00e-12
GDL(%H i34 800 1500 10 1.00e-08 10000
MEA3  Catalyst(Fk 29K ) 1300 1000 2000 1.00e-10  1.00e+5
MEM(RFER) 1100 1300 0.2 1.00e-10  1.00e-14
GDL(ER¥A) 400 800 60 1.00e-08  1.00e+6
MEA4  Catalyst(f1 524%) 1500 730 3000 1.00e-12 10000
WA 2N
BAEBA(mfFZthﬁ\ 1240 1200 0.15 1.00e-11  1.00e-12
)
GDL(#4%) 1500 700 3 1.00e-09 1000
MEAS5 Catalyst(Pt) 21450 133 41 1.00e-12  9.6e+5
MEM((C2F4)n) 2000 800 0.25 1.00e-11  1.00e-15

3.2 MARIRAL AR TE AR BTG E

WKl o A Dy BAE AR AU, b B R A AT 22—, O LA R 1 DL R
SR BAT R . AETHSRR T B A, AR SN R R D
AR U T S AN RS ML B R T PR AR &R o /T3 DL/ T AR 5T o i AR
R, JaE W LAY A sy BB . BUE T ek M, 8T R B AL
DY T A B O A v SRR R T AT A, IR T U A 4 S HES R
FAT A 25 R e PR R 22 B, AT DY A BT B 8 S 1 BE U8 R AR WA SR Py
fiE.
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AL R i

of B — g TR AR ) B AR L i TR R AT IR A& Kl 43, SR A Hypermesh A5 A ik
TR o, R ARG RS B . B 3-3 eI I, R RiE e
0.5mm, FIERE 0.4mm, P 0.5 mm, RIS EEHIN 62 Ji. 96 Ji.
124 75 156 Ji. 185 )3+ 226 i+ 253 Ji, 1E0.65V ML 43 H [ ARARAR Sy i~ 25
HR . I 3-5 Al HMFEECE R 185 i £ 3] 253 Jilf, MR
AR 0.25%. FREBNTHEBCEN, ARERHAH 185 J1 MAKIHAT 1 EARL

0.74
. ]
0.73 ‘x—.-\____. -
0.72 N
o 0714 ™ Ft#%E: 1850000
£ MU 0.72888
< 0704
i
i3 069 =
P 068+
0.67
0.66 .
0.65

5,0:«105 I 1,(:l>:10ﬁ I 1,5»:1()ﬁ I 2,!.')>:1D‘5 ' 2,5;105
R i

B 3-3 BRSSP SG T

FERIGUERT FT SR 2 WP & BB R i AR AL S P 28 5 Hel
S NISEIG S5 RABEAT VAR XA, 4R 3-4 Pos. MR fERRE N
T 0.7 Alem® , HUEINEE RS LI EERA LI 2, EXHiiiEERT
0.7 AJem® , FEAMERCSEIAR AR X2 B TAE R IR X, s RERKIK
A RBAUK, BEMm TS v, SN AT AL, R R
PAAFUEAG HOZPRAITE DL, T BARELEE R WK

1.0L

\ —a— SR
o e —o— BN

S 5
sl \\
B 0.6 \-
ou
0.5 \.\l
Vo
onm
04- bk
0.0 02 0.4 056 08 10

FHL 3T 25 1 (A/em?)

3-4 BUE AR5 S AR AL il 28 5% Bl
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(IR N2 T =X VAT 'S
3.3 SRIEZEM R~ xRN R i 14 gE AU 220
3.3.1 RIERESTE 4 RERY 200

DA TR TE ], 4R T B IR BN R B il R R (R s, OREFIRLIE B8 B2 5
TN 12 1, RIRSCERE IR E N 0.4 mm, 0.5 mm, 0.6 mm, 0.8 mm,
1.0 mm, 1.2 mm, [RINRASE—MEBERIME R 3-4, 1817 S8 %AW
% 3-2, R¥E Fluent 5 bR HIEE R, & 3-5 Fir.

1.05
—=— (). 4mm
1.00 1 —o— (. bmm
—A— (). 6mm
0.95 - —v— 0. 8mm
4— 1. Omm
<090
H
£ 0.85
0.80
0.75 4
0.70 T T T T T T T T T
0.2 04 0.6 0.8 1.0
L0 1 (Alom?)

B 3-5 btk e ph £k

M 3-5 ATLAE Y, BEEFRUEIREEIZHIECN, AR e BN 1 i iR
ETb U R R REAE I R AR . X R AR BE R B R A E E SRR
TR AR 52 2R BE AIREIR, AR P e A5 DASR T . B B TR LS, AL
JEAN TR A FEAE A S B J5E B S BR, - BAS7 B 18] P 22 5 e L ) AR e B 25
W2, NYIREBEZ BT XGNP R R B AR RE 2 BLE D IR T
fia%. MWK 3-6 FTLUEH, HHERED /N, SECAREEEE AR, S
PRURIEAC R, BEEEREL D) BT, AR TR AT HUR AR L Rl SRl
X3, B TRAERUE A B 85 R, RIS o 1 o A th 222
ALY, BRI IR ZE AL, BEI 520 R A X TR R AN E
PR h A 4k, AR ZAKAR e R IE A RGR Y, JCHRAE RS8R
&, RERBUKZHEE, S UAREE AR SRR, PR E N R NEEAT, T
A R WA BT LA EE B, S BUE RN, BARTE S, N
TSI 5T - 2B A RS ME AN 75 i
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R s T e AT

600

500

400

300 1

200

¥ I F1(Pa)

100

0.0 0.1 0.2 0.3 0.4 I 0.5
N TS (m)

] 3-6 IR AR NN B R

Kl 3-7 B T BIRmE O R T SRR A S L. FTCLE . AR B AR
ST BUZ AL Z T X8, R BE IR BT 3 S I VR AR BE R R B RRAE s 1T
FH B A0 o0 R 7 AV SRR B i A R B AU R IR . AT DUE L, i
IREEAR /NI, SARTEMEE 5382 28 FEAC I BE /R FE A 2= 88T . BBk
[RIRTE TR FE A R T2 8y RO SR IR 2%, T BE A TR IE R FE 98, AR
Ty LT A% 36 2 B AL =

0.010 +

=

=

S

&
1

=

=

S

&
1

0.004

0, :;T’\mfj‘f(kmol/m%

=
o
o
S}
1

0.000

v . T T v -
0.0 0.1 0.2 0.3 04 0.5

FAE A TR T1(m)
K 3-7 BHARIALE AR N 2 H TR B 0 A
3.3.2 SRIE T E ST RE AV MY

LARETERE ], AL DRAUE AT TE IR P2 AR X B (A AN AR R 2Rtk -, s b 5 AN
EIREEASE, BITEN 0.5 mm, J8IE SCRIAE 198 LA 98 1 PERAR TR
HIPERERIRE . & 3-8 D el AR IAtiE B 2 5 9 2 A LU ARD X FEL b e RE RS2 26
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b SR R

i

T TR ) B

T
—a— 1:
—o— 2:
—A— 3:

T T T T

0.2 04 076 0.8 1.0

FLIAE 2 £ (A/em?)

3-8 i RE fh 2k
ME 3-8 ATRAE Y, FEORIERD I 98 FEAN K T 56 L RT3 T, 38 2
EH L, R RERS A LA, HAREAN K . X2 BRI B8 A el A fi
R EE DT A TR, A R DI AR 2 LE Oy 1:2:3, AEGRIEBE TR
BEALEOT, “HFOBEOEEZ Dy 3:2:1, MFUE U, it aE s 2R
EE T8 L I N R BRR, XA S BORIR A TERERS BUA BT T BE, B A PR

BEAT AR, HLI IR RE T SZ R AN 3 .

0.011
(a) 0.0575 (0) .
! 4 TS R R R
@ —=— 11
— 0010 g o1
‘g 0.0570 mE l{\‘\:\ s 3:1
° 5 a\ .
£ £ 0.009 | \\M
= 0.0565 - = e,
£ e -
¥ % 0008 ‘1\‘1}&:5‘%3\*
1% 0.0560 8 A \“xA\
= © 007 \.\-1-
0.0555 007 ‘...
0.0550 T T T T T 0.006 T T T T T
03 02 0.1 0.0 0.1 0.2 0.3 03 0.2 0.1 0.0 0.1 02 03
FHEAN O EH O(m) FIEADEH O (m)

3-9 IE N A UAREE /R E 704 a)Ha b)O,

M 3-9 (a) WTLUEH, HRREEIE 08 R AU, IR Mo 3 i FH ik
HIUZ 5 AL 2 5T AL 2 UBE AR A o 3%t R D3 58 58 O 1 5 30 1 Ui
N5 S A IR e S S R B TR I, A 90 T AR S X sk P ¢ 31 7K
FIREIRIZP B RN SR EERIREIZEFER. WE 39 (b) WLUAEH,
BN B D0 5 B AR A s, B AL S PN, USRI ZAE Y R S A= 2E
Fm AR BT, IR AR RN AT IR FARRN R 2 AR N S B AT SR I
TIE T8 LA S R ISR S, R SRR S S EU U . [
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L AN [ e S VAT
B, 0 FRORE L HOR B, PR IR R BROE TR, R A R TIR S R R
W&, Bibdm bR, X5 G RAROCEE I 4 R — 8.

3.3.3 BhBEREXT R BERYSZAR

FEVUIE 8 FE A5 T IR EEAE T 0.5 mm HITF AL T, R O3 I8 o8 2 5 1 58
b, ROCSARRNRIBERE, 1520 HRIBVEREHI L nIE 3-10. ATRAE i, JE 58 AU
TERERF BN, VERERIEIH BN TGS, THRERBRE LTI T.
XFE ROAE RIE IS 58 LA IGO0 N, BEAE R S8 FEIgn, N RS e
GyEAT, A1 RIAMEALE IR BRI, X5 Wangl i) sei6 25 2 S A )
=, ik, BEEMTERINR, mibrEREsi s R

1.0

0.8 1
0.6
.
<
H
0.4 1
m/
024
0.0 {
T T T T T
0.2 0.4 0.6 0.8 1.0
HHL 7 25 1 (AJem?)

B 3-10 HLith 1 e 28

Bl 3-11 o 1 IRmsh 77 e BBl aE e kR 7 Ak 2 5 8802 28 St H 4
S BE IR 04T . FTLAE Y, 00T B0 JE 0T 0 B2 B8 /NI, Bl 5 T B8 2 3 K
AL EANY BUZ A A A R S R 2 RS TS, UH R ERIE v S5
WLy 123 B, R SRR RIRIEAE N DAL U N E . BT BN B2
R AR I 52 S T I S BN A PR, 2 S R S B,
AL & 7 4 Bz A A Z2 A8 AR AR U RIRE 22 57 o 28 BTIR, BRI
JEE SRR FEXT FELb I RE R QL B, AR UUBE R DB Ry, PRI RE AT, X 45 R
5RO N it 45 2 — B

28



oS AN T e A 7SS

0.010 ~
0.009
0.008

0.007

0.006 ~

IR (Kmol/m?)

%ﬂ;\] 0.005
o

0.004

o0034—-H—F——
0.3 0.2 0.1 0.0 0.1 0.2 03

JAEA FEH F(m)

3-11 BAAAIE AR M B H R BE A
3.4 KB/

IR IE PEMFC g 4iie RoT T 7 HUERA, 15t 7 RAIT 4618

(1) HEETEIIE T 28 e AR IR I ADE IR BEZ0 8 0.5 mm I, AL PERE
B AE .

(2) PR LI I (0 98 55 /N T AT ) 06 o

(3) LIE R FE A 58 FE AR e A A2 BT 98 BEAS B i i 58 FE N, [l o5 I i
e FEM 0.5 mm BEANE] 1.2 mm, HIBHGERAHE .,

(4) i iR FE RS 5 R ANAE, ELUALTE v BE AN D vE I, iR
e EEA 0.5 mm 34K F) 1.2 mm, HItPERE KA T

(5) MM MERE CHAE T BRI Z 59 HUZR S AR SOKRE, S
FARARIREER I, R RRRG EAE

BRI, RO RS, NEREFERERE. BIbtaeER R, e
TEIRSE . S T 5 ) vE ) A BRI
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el ) KT
$ 45 ETRAFENEEREEFNHARS D

BT b F AR IE 5T A R R B IR I A B R e e g, Gl
EAPLA A T i e DU R R RE (I BEPAT . RHRAY. WAL Rtk
Bl e, IFIOE 1B EE AT SEVE . BTt — P WA T R TE A B R R L
96 LU B R AR LA (MEA) PERERISZIALEE . SR, 3R AR M AR IR ST IR
EAZYHEY GREY. EEY . K1, BEY) NS5kt S MEA K
Fil FLAG 2 BE A SR IBRBIL AR o

BEXT Bab R, AFSEH R TS I 2 MBI ARG ik, il
WAL 847 T MEA AR IS EdES, U ERIRE 1B
BIS N 0 MEA YEREVPANERAL . 2R I e SRRl S TH 2 W) B 37 35 5] FE
FHC (XTE[0,1]D), UGS 7RI DI R LS MEA 5] FE S ML ¢ &
R KBRS MEA BSMEHESL TR, KL FH BIIEM R, BIAEAY
IR K AERW BRI B2 MEA B 5 FIRRR P .

4.1 MEA £ BV R ARAYVIZEY

FEJ T A BB (PEMFC) H,  Jitds 88 5 BE R VR JE AR 1k RE A — A
HERbR . W 5] R BRI B B R R . PEREN AR A, Ty T S AT
RS IR AR T RE s SR EHIE T MRS I AL . REY
P2 VA S T 13320 21 FE VYA 25 T o

ARSI s 1 [ NS CRURORI RS 30 PR Bl P9 8 B0 90 A 25 20 R
JE, RN S N s e 1SR S LA LI AR IE L AR BRUR BAR AT
J2 M S 25 SR B BB AL ) P BN LI SPIRBL i P 3748 51 P AL R AE o 1 S A
R PN T, AN [ DX B AT i) — BUMERR R, i T /348 & FE YR T AR i 51
5B

42 AEZMEZET MEA U3t 5 E S
4.2.1 RESEHR TS MEA BIa19 5 E RS20

MEA HHRY §UZ (gdl-a). BT EZ (gdl-o) FHMELE (cl-a). B
W HZ Ccl-c) FMBF 2B (mem) T, FIAANX 2-17 550 5E
MEA & Z3mmm U Mits GRER . EER. ki, 8E% 885 E. L
W FEIRIE A, BT IE SR RS MEA A SIS . 1 4-1 ATRIE 5%
FESMEEZ N 1: 1 UWSEERN 0.5mm), RAZE —FIBEARME LR 34, 12

TSR FA, WK 3-2, W BCRIRIERITRE, PRITHE R MEA it
30
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L AN [ e S VAT

¥ S BRI o

ME 4-1(2)r] I i, MEA 25 J2 HE Al (1094 537 (¥ 25 50 J5E i 25 U T8 I 5 11 240
AR RPN, ABAEAE N E TP RITER DY 0.5 mm, X NIIE R G 5
BER, AR AL RUE R XA, AR I K, RTFREAE
ZIN (B EURIE N HL, TS HUZ AL R Z RS2 (LS4 2 i Ak A,
M TIRERREE, §TEUR NI B 2 NS, AR OB BN E
MBGRISE, AR AR, AN I Rt A0k, al fe 3 8UUAsE
B P A A5, JEHARAETE N BRIE AR, 7T A B IR A e vy i
IRIVILR, B2 S B HUZ SR R Al iR 37 BB R s AL L
M S Lt BE

0.88
a b r
( ) 0.86 [ /DO _ —— ( ) 0.84 | A O —0
—e L
c 084 082 | —8—cl-a/mem —@—cl-c/mem
2 —e—cl-a/mem @ cl-c/mem o ./o\*_ ° ® ®
2.0 L
g 0.2 1 1 I i 1 ‘5 0.80 1 I 1
=S 04 0.6 0.8 1.0 1.2 o 02 0.4 06 0.8 1.0 1.2
2% e —— [ -
§o%f o 4 o gdaica e gdiciclc 50 A
g . gdl-afcl-a gdi-cfcl-c o - —o— gdl-a/cl-a gdl-cfcl-c
w“ 0.84 | = L el =
S =70.82 = —— —e
E 0692 04 0.6 0.8 1.0 1.2 = 02 0.4 06 038 1.0 1.2
o F
8 ]
So%r —v— ch-algd h-c/gd| !
ch-a/gdl-a —¥— ch-c/gdl-c -
0.84 |- 9 g 082 |- —¥ ch-a/gdl-a —v—ch-c/gdl-c
- v v Y v
082 |- ) ) ) ) 0.60 v/'/" 1 L ! L

L
02 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2

Channel height(mm) Channel height(mm)
0.952
(C) ~ (d) 0.80 —eo—cl-a/mem —e— cl-c/mem
0948 @ —9 o @ A
o 0.78 |- o
5 0844 —eo— cl-a/mem —o— cl-c/mem ) _—
‘é L L L L L ‘g 0.76 [ —
T (.9520.2 04 06 08 1.0 1,2 @ 02 04 06 0.8 1.0 12
*~— 7 > ¢ 2
£ + e b 5080 —o—gdl-alcl-a —&— gdl-c/cl-c
Boss| o o9 ¢ —— ¢ — 9 st
— -
S ogus | —e—gdl-alc-a  —e— gdl-clcl-c 2078
gL ‘ . ' . . Eors
5 0.952%2 04 06 08 1.0 1.2 2 o2 0.4 0.5 08 10 12
= L D080 —v—ch-a/gdl-a —v— ch-c/gdl-c
Sogtsf vw—v ¥ v — ¥V — ¥V — L
0844 I —v—ch-algdl-a —w—ch-c/gdl-c 0.78 |
0.2 0.4 06 08 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
Channel height(mm) Channel height{mm)

B 4-1 W TR TERRRL FL Tl MEA £ )2 HE Al h ) 3 37 5 50 BE B VR = FE AR A a)ik Dy b)id D
k1Y Ayl

Kl 4-1b). K 4-1c). K 4-1d)5r 58 MEA & Ak IR S . K70
SIS R Y 5] FE R AR TUE TR B A A, X S IR B I K 8 2 FE BB AR E IR
FE R RIAH R B S . X5 Rostamil'4E NI 725 R — 5, RALER
RAGTUES, AT IR, RRRUEBAR BARE , R0 B AR AR B
AN AT NI AY, WL R B I 7 o BEAT S e, DT R e L R
RS MR

31



VA p N 2 T e A
FERE 1 HBOE R IRIEIR L JG, v TR TCHUE 56 % 5 1 % 2t MEA i
B SITERIFEM o o HIAAEL 1 DU R AT TE AR R TR AE AN R U B8 -5 58 EE AT
MEA PEfE7 A, KM FEKEIET S H BRI R, W& 3-2, JFEEHEN 0.5V,
K 4-2 A FRUE AR LI AE AN R IE 98 -5 0 98 2 LE R I B HUZ S = 52
G ERIVU MBI SR . B 4-3 DNIETERGE ORI A E 8 S5 M v LE A
2:1 NIRRT HUZ SR AL A m BB o A . BT 4-3 FT LA R IR E
FEZ LGN O BB ZRIR EEAEY HUZ S AL IR AC T 1) 0 A ORI %), T AEIRIE 58
SMTEZ N 13 B, Or HIEE/RIKEE AT SRR ZE o TR0 BRI 9 24 T 98 SR 3 4
BRI, AP Y AR DGO, 8 R R REAOE S, T AR ARG (e
TR ), XKEPE R T BLR AS LS. T Bl A (] A A
TREOEHFIESY, AR5 Uz MR RIS E Y 7e 0, WK
SIME HHBEARAG SR T o Fizh BHL 7 Bl U 58 P ARG N 3 K, JAEIE HH L X R A
FEASBEAR, W TR) XSk i) S AR R IR T e A o AR A9 38 50 73 A 52 BT I )
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(a) Molar Concentration of h2 (b) Velocity Magnitude
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(a) Molar Concentration of 02 (b) Molar Concentration of 02
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(a) Molar Concentration of 02 (b) Molar Concentration of 02
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