Journal of the Korean Electrochemical Society
Vol. 15, No. 2, 2012, 74-82
http://dx.doi.org/10.5229/JKES.2012.15.2.74

TRz dgz]e] E WS A LS 93
S I Ui 53 AR 53 A
A2r% - R - Q-

4
oA /|67 A 71EH A
QAT B 71 Al B8k & TP 947 A

g

iy}

(20129 29 21 A<= : 2012 3€ 27 A=)

Design of Serpentine Flow-field Stimulating Under-rib
Convection for Improving the Water Discharge Performance
in Polymer Electrolyte Fuel Cells

Kap-Seung Choi, Byeong-Cheol Bae', Kiwon Park’, and Hyung-Man Kim™*"

Industrial Technology Cooperation Center, Korea Institute of Energy Research
TDepartmenl of Mechanical and Automotive Engineering & High Safety Vehicle Core Technology Research Center,
INJE University

(Received February 21, 2012 : Accepted March 27, 2012)

9

IRAANE A5HA9] Fee g B4 =8 dEdd s wWstsil gtk vhe
1=R=]

25 cm®] S-pass, 4-turn AR FERES Y FE BE{FEFEE /RXE I sl &
#] ZHolMe] AFAX A5E FAEHE B8l vaEit REFEFEE Foi uet
=% T R 5% W] HAEe 2 YR & s A4S e 294E vet
YAk =3 YFolre] FFVAE HERFEHER B e felre] AR/ dxs
oA BREZAFRER oFdhs TR/IAIES F E5RE HelMe ARA7ET dojA

o
AAHY AFUE BRI}

Abstract : Proton exchange membrane fuel cell performance is changed by the complicated
physical phenomenon. In this study, water discharge performance of proton exchange membrane
fuel cell were performed numerically to compare serpentine channel flow fields of 5-pass 4-
turn serpentine and 25 cm?® reaction surface between with and without sub-channel at the rib.
Through the supplement of sub channel flow field, it is shown from the results that water
removal characteristic inside channel improves because the flow direction of under-rib convec-
tion is changed into the sub channel. Reacting gases supplied from entrance disperse into sub
channel flow field and electrochemical reaction occurs uniformly over the reaction surface. The
results obtained that total current density distributions become uniform because residence time
of reacting gases traveling to sub-channel flow field is longer than to main channel.

Keywords : Polymer Electrolyte Fuel Cell, Serpentine Flow-Field, Sub-Channel, Under-Rib Con-
vection, Water Discharge Performance

*E-mail: mechkhm@inje.ac.kr

—74 —



Nomenclature
43

Cua

CW(,‘

CwK

D w

F

1

Mm. dry
P
Pk

I

T

Voc

Vc‘ell

AXw, K

o

n

Tla

A

Pnm, dry
o-m
By-pass
CASFF

GDL

MEA

Main channel
Sub-channel
SFFSB

B o Ay 2 (R o
oo B PN B o

27181884,

= g5 E

(HUEF EY T2 molm’

271 59 T% , mol/m?

(AEFEE FVIFY e £H
Aol %7] F% , mol/m’

(59| B4k Al mYs

sl e v o] A4

AHF YR, Am?

rr
of
N
J
o
X
1o,

fa
Mo
o

M
oo ol 1

>
i oo
2 9
e,

N

o2
flo 2 o
o 12

b1 g
1 H
2
3

Jo ™Y g ot ®
o

HU

FEue] 44 AP R
(Conventional Advanced of Ser-
pentine Flow-Field)

717 % 34

S AS A A
AR

T HEFE

F R RE 429 93 HES
Z7he A4 AFIA R 2
(Serpentine Flow-Field with Sub-
channel and By-pass)

1. M 2

A AAReR @497, Sl 1ol A7

A3

olfrZ wWeFol wet thAl FAUAE 119

S @RIk, 2 ANl e s

4 ArdAe

71& oYx] Wslr|&ol vl 2187

ol HAG3 AHPS FHIAE A= sl 9l

gl

o1 Zejy wREabds|E
Electrolyte Fuel Cell)2] A-&3lo] glo] &
flooding) &3 EddE &
£ aza
B R =
e wakek @ b 2Rl BAll visl s

= 2R

a7k 3

A FHA(PEFC; Polymer

W3l (Water
=93 7&
/“N

&

&40 g
zal7 k. weh Ay
SEEFIPRS B IETIES

A 154, A 235, 2012 75

Al AFEIR I Q). vle|Eg} ZEo|Ee] A9
FaAldel dololx 74 52 AIAEANURYS
A 4 JA sk Y e dERAe] AT
%o]:o]u]._3-14)

FaAde HhEe] i) AR A 98-S sk
IEAREHE dgdxe] Tast A FE T shel
o sEEAS FHaAssP|9EiM e A= J—i‘ﬁ"ﬂ’ﬂ 13

2o Fdst Bixol AgAA YHe] g3l &
HjZo] FZHoltl, o] 93| Parallel, Serpentine,
Interdigitate®} 22 et FsAdFE7E A7
ALk HA P F5H dAE EF dEd B
o] & TS 3 oA PRI A=A A
ol 93 F= AR RIFHAY. § ofHFE

A BRSO S5 o8 MR R Z7hs)
2 WE P42 B SN wease ¥

Al ok
Wllhams 593 Park 592 =2 7k~ FHE&L 7t
71353 (GDL; Gas Diffusion Layery2 %A}
Xﬁﬂ*‘ AR As T dHAs FaenE
AL T 2= Bxe g3 0 UYAd
of & 9FE wIRITL WS Nam 59 U
AR RO Sl %":L %— I ARZA
A S 918 A @ ATt
2 AFMe AIY RS }]L AZAA N
oA H“ﬂo}* T TE dFe IS Gotr)
9ate] = gEwoT o]2ojF AlPALT FA
(CASFF; Conventlonal Advanced of Serpentine
Flow-Field)} 5 #=2ol HzF27t 37K ABAH
2 3 J(SFFSB; Serpentine Flow-Field with Sub-
channels and By-passes)?ll tisll &7st, 355 Hl
&, B9 AF, ARdE BEXE FX EH@IZ:]I—E- H]

, 551 O]'Mqi

FJ

2. X|alA =l

B e $A814 2de Choi 5] f54 3
Aglol] ARE-3F HAAGE =231 CD-adapeo
STAR-CD 4.129} 782} Asjd Agdx] AL )4
T2l ES-PEMFC 2403 A3 &4 =2
g2 g A, ot 71A, 7 oY feoE 7MY
slar, A oAl 71A1e] g8l gl <8 A
71 B985 Henryd HAL o]&s] gk v 3
HE Ese Aeg 714 o}‘iib} % Aol ARE-E
A‘];HM Ué ] :rLHO Fl
Table 13} 7t}

éﬂH%— TF URFEe d5dX YR v VA9 E

w8 2Ysbl Eel Ful, 44H &



76 J. Korean Electrochem. Soc., Vol. 15, No. 2, 2012

Bipolar plate

Anode Gas Channel

Anode Gaseous Diffusion Layer(GDL)
MEA Layer

Cathode Gaseous Diffusion Layer(GDL)

Cathode Gas Channel

Bipolar plate

Fig. 1. Schematic illustration of a computational domain
for PEMFC simulation.

Table 1. Operating conditions and inlet flow velocity at
1,,.,=0.6 Alcm?

Inlet conditions

Anode Cathode
Gas H, Air
Stoichiometry 1.5 2.0
Inlet temperature (°C) 75 75
Inlet relative humidity (%) 100 100
Mass fraction of hydrogen 0.078 -
Mass fraction of oxygen - 0.169
Mass fraction of water 0.561 0.274
Operating conditions
%H, in reformate 75
Exit pressure (kPa) 101
H, exchange current density (A/cm?) 2000
0, exchange current density (A/cm?) 200
Open-circuit voltage (V) 0.96
Cell temperature (°C) 75
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Fig. 2. Schematics of computational domains for (a)
CASFF and (b) SFFSB of 5-passes and 4-turns on 25 cm’
active area.

Table 2. Geometry details

Flow-field patterns CASFF  SFFSB
Main channel width (mm) 1.0 1.0
Main channel rib width (mm) 1.0 1.0
Sub-channel width (mm) - 0.75
Main channel height (mm) 0.5 0.5
Sub-channel height (mm) - 0.334
Cross-sectional area (cm?) 0.025 0.025
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Table 3. Governing equations
Local membrane conductivity
- (0005147 e (1268555 - 7)) < 10°
c,(x,y) = (0 00514p ,dryC (x,)—0.00326 | exp| 1268 303 T(ey) x 10 (1)

Water vapor concentration for anode and cathode surfaces of the MEA

C, (6, y) = 2mdrv (0,043 + 17.8a, - 39.8a% +36.0a)); ay<1
m, dry
(@)
= Dndry (14 41 4(ag— 1)) ; for ag > 1
m, dry
Water content in the membrane
A =0.043+17.81a,-39.854.+36.0a,; O<a,<1 = 14+1.4(a,~1); 1<a,<3 3)
Water activity
_ Xy kP, )
ax = prat 4)
w, K
Electro-osmotic drag coefficient
= 0.00294° +0.054-3.4x 107" )
Net water transfer coefficient per proton
_ F Cye(6:, ) = Cy (%, )
= - p
a(x.) = 15~ 7D, ) P ©
Local current density
0, (%, )
I(x,y) = —-—’-'Z—t-—-——-(VOC Veeri— 1(x, ) @)
m
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(b)

Fig. 3. Cross-sectional views illustrating the under-rib convection and liquid water transport mechanisms and velocity
vectors of reactants in (a) CASFF without sub-channel and (b) SFFSB with sub-channel.
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Fig. 4. The comparison of the mass fraction distribution between CASFF and SFFSB at I,,,= 0.6 A/cm?; (a) Hydrogen
mass fraction; (b) Oxygen mass fraction.
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