ALY IR A25 W A 15 008d 14)
Journal of the Korean Society for Precision Engineering, Vol. 25, No. 1, January 2008

ZHAE HEMX| o MEsiMo e AT
HES7, 2B, 33", ¥NY", g™, gyt
A Study on the Performance Analysis of Mobile Fuel Cell

Kwangsoo Kim”, Jong Pil Choi’, Chang Ryeol Jeong’, Jae Hyeok Jang"", Byeong Hee Jeon"""
and Byeong Hee Kim"

ABSTRACT

In this paper, a three-dimensional computational fluid dynamic model of a proton exchange membrane fuel
cell(PEMFC) with serpentine flow channel is presented. A steady state, single phase and isothermal numerical model has
been established to investigate the influence of the GDL (Gas Diffusion Layer) parameters. The GDL is made of a
porous material such as carbon cloth, carbon paper or metal wire mesh. For the simplicity, the GDL is modeled as a
block of material having numerous pathways through which gaseous reactants and liquid water can pass. The porosity,

permeability and thickness of the GDL, which are employed in the model parameters significantly affect the PEMFC
performance at the high current region.

Key Words : Polymer electrolyte membrane fuel cell (2 #2481 A ¢ 8 AA]), Computational Fluid Dynamics (3
AH- A 9 8}), Gas diffusion layer (7] 2 8413, Porosity (7] & &), Permeability (5 %)

7349y M =  mixture molecular weight
T = temperature, K

p = density, kg/m’ iR = exchange current density, A/m’
& = Porosity i = current, A
T = viscous stress tensor J = diffusive mass flux of species, kg/m’s
M = Viscosity p =  pressure, atm
k = permeability, m® Y = mass fraction

"' = overpotential, V U = velocity, m/s
(15 = electrical potential, V D, = binary diffusivity, m%s
O = electrical conductivity, S h = reaction enthalpy, J/kg
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Fig. 1 Grids of computation domain

Table 1 Dimension of PEMFC components

Parameter Dimension{mm)

Channel width 1

Channe] height 0.5

Rib width 0.6

GDL thickness 0.25

Catalyst thickness 0.01
Membrane thickness 0.12
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Table 2 Operating conditions and electrochemical

properties

Parameters Values
Operation temperature (K) 333
Reaction area(cm?) 2.364
Anode operation pressure (atm) 1
Cathode operation pressure (atm) 1
Universal gas constant (J/mol ‘K) 8314
Anode stoichiometry 1.2
Cathode stoichiometry 1.5
Anode Mass Flow Rate (kg/s) 3.12757E-8
Cathode Mass Flow Rate (kg/s) 1.32922E-6
Anode gas relative humidity (%) 100
Cathode gas relative humidity (%) 100
Anode feed hydrogen mole fraction 0.73
Cathode feed oxygen mole fraction 0.235
Anode transfer coefficient (@ ;) 0.5
Cathode transfer coefficient (o ) 0.5
Anode exchange current density (A/m°) 9.2272E8
Cathode exchange current density (A/m’) 1.05E6
Faraday constant ,F 96487
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polarization curves
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3.3 S (Thickness)oll 2%t A&

7)1 A G259 Tvﬂoﬂ o)t Jg
st BE3le 10" m? 71FE 06 &
200~500 um o] 71A A4S FAE 2
& vlisia S T

Golx 7] 9
& 13 F,
e 2l o

Fig. 6 & 7]A&459 FA we d54x 9
A FE BAFn gk 71 FA7)
FANAFE EFAAG AYo] ks 8oz
g5t WEF A AilEe A89 *g #a
AA AaHA Y AS5E AFANY. olgke iy
2 FAZE gkol AWM FidEe 959 FtE

AEAAY el FAsHA HY, FAN 1R
grobAlAl B Z|AEESE B gdgdel 7
28 ol SEHY FHAMT Ag9 FFo
o]FojA A Hol ol dedA e H5& Azt 5
T 8QoE gy

03 i
0.8 _\\
s 01| \\%
g,
oL ha
38 %
o o5
>
° L
8 o4
03
02}
01 L L Li
0.0 0.1 0.2 03 0.4 05 0.6 07

Current density (Alcm?)

Fig. 6 Effect of GDL thickness on the cell performance



AFs - AF59 - D 3AY

<A Ay dFHLIEEA A2ssA A1 R

(b) Thickness : 400 m

a (c) Thickness : 500 4m

Fig. 7 Concentration distribution of O,

2012 ) AR
£} »}EM

21 o) A
ek, 5
£ 2ed 2
3 A A s
2 x5 A

AFodMe e Ay A8AAY 7
4 2 NAGNSe A WE dEAAY
Hglol] s 8 AAFASNA Z=<Q CFD-
£ o] &34
A AT TEA ANEY AsAAE w
Ho] vlmy AL YHAAE o]gsigoen,
A 2 AFRAL AA d¥zA9 dA8HA
e 2"ty £ AisiAe g9
EE 93l Ticianelli &) AFZAFHE o] &, A
Aztete] HuE FYo. 53], ZAZA
EA4o] AsdA9 AsHdd F& 9%
oty 7] Y& 7NAFiF ERx, NFE, T4
o2 A}%o}@l A S s

A T

ok offl
olr J1m e

>
e
1

oXx 8 o

=
T 9|

j=]
Al
3

M u o S ox 2 Mo ol oX
(*3

)

NAETHES} 45us] BE ARARY
AABALL A AERES F25E £

IXETH
o] £018°] 7IAFIFTE FF U89

3]

o

2
=
kY

A2 A4S FYsac

120

Batol Frhslel AsAA) A5PYE ALt
@ 71327 A5 A 4%e Lo}
u7] 98l 04-08 o JIFE WAE BT A
A%} HRE FASYUT JFE G4 FHEG
SR FAEEE Aol PRHE AUL
Bolx ek 2@y mﬂzz} taol Eams 713
E7h AUAA ¥E AE ANAEE LA

Sol AR AAS) ASULE olld 4 Sk
)\-].L_-.._Eikl

(3) 71AEAS ] T4 W w}
& o3tk 1A FEe FA UF g
BAY Azt FEg U 2R F25 AFEHA
23 dF58AXY HFAE oA, FAH7}
FAYATE EAAGAG] Frtete] A8HA
9] M%ol AH3E & FUAsAT 200~500 mm HH
Wel e 250 m FAY 7| FaFe] M F2
AEEARE RAFAT

@ 7IAFRE, 75T B FA9 @89 7A
g5 EAL ASHAXNE AZste ¢ @
2 12 §Ao] A W3siA He, ol d8HA
9] Aedigd AgF acez RLEA o
ueld, gF A5AA AZAYG W] wE A
Fir5e E4NE £ A4 A% ¥etd g
F713Q AT/ 22 Aoz wuH

% 7|

€ d7e AdAYR AAEH, 1AM A

A'“EH}\J7]E'7H%}‘}'@.,] “U}-O]ii E\j}_(‘)_:_]_ u\.%] 7]

A ZA e ARB(AE £ Folnl o #
Az QLA FAE =@UY EF o] A7

Fodd AFAE 2 ©A BK21 AFYY] A dulE
Lia=duies

3 gl

#

Ao

1. Voss, H. and Huff, ],
generator,” Journal of Power source, Vol. 65, No. 1-2,
pp. 155-158, 1997.

Nguyen, P. T, Berning, T. and Dijilali N,
“Computational model of a PEM fuel cell with
serpentine gas flow channels.” Journal of Power
source, Yol. 130, No. 1, pp. 149-157, 2004.

Xia, Z. T. and Chan, S. H., “Feasibility study of
hydrogen generation from sodium borohydride

“Portable fuel cell power



BFF - AT A A A9

k4

]

k|

LI FEX A 25 A1 %

10.

11.

12.

solution for micro fuel cell applications.” Journal of
power source, Vol. 152, pp. 46-49, 2005.

Wang, L., Husar, A, Zhou, T. and Liu, H., “A
parametric study of PEM fuel cell performance,” Int.
Journal of Hydrogen Energy, Vol. 28, No. 11, pp.
1263-1272, 2003.

Lee, H. R, Kum, Y. T,, Song, C. S. and Oh, K. H.,
“Finite Element Analysis of Heat and Moisture
Transfer in Porous Materials,” Journal of Korean
Society for Precision Engineering, Vol. 16, No.7, pp.
158-167, 1999.

ESI US R&D Inc, “CFD-ACE+™ V2004 User
Manual,” 2004

Larminie, J., “Fuel Cell Systems Explained”, John
Wiley & Sons Ltd., pp.45-66, 2003

Woo, H. S. and Jung. Y. J., “Performance Simulation
of Planar Solid Oxide Fuel Cells Characteristics:
Computational Fluid Dynamics,” Journal of the
Korean Electrochemical Society, Vol. 7, No. 2, pp.69-
79, 2004

Kim, Y. J, Lee, T. H,, Oh, I. H,, Hong, S. A., Kim, H.
N. and Ha, H. Y., “Simulation of Direct Methanol
Fuel Cells Employing Computational Fluid
Dynamics(CFD),”  Journal of the Korean
Electrochemical Society, Vol. 6, No. 1, pp. 28-35,
2003.

Dutta, S., Shimpalee, S. and Van Zee, J. W.,
“Numerical prediction of mass-exchange between
cathode and anode channels in a PEM fuel cell,” Int.

Journal of Heat and Mass Transfer, Vol. 44, No. 11, pp.

2029-2042, 2001.

Springer, T. E., Zawodzinski, Z. A. and Gottesfeld, S.,
“Polyemer electrolyte fuel cell model,” Journal of
Electrochem. Soc., Vol. 138, No. 8, pp. 2334-2342,
1991.

‘Ticianelli, E. A., Derouin, C. R., Redondo A. and

Srinivasan S., “Methods to Advance Technology of
Proton Exchange Membrane Fuel Cell,” Journal of
Electrochem. Soc., Vol. 135, No. 9, pp. 2209-2214,
1988.

121



