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Abstract : Many researches for effects of different flow configurations on performance of Proton Exchange Mem-
brane Fuel Cell have extensively been done but the effects of flow direction at the same flow channel shape should
be considered for optimal operation of fuel cell as well. In this paper a numerical computational methode for sim-
ulating entire reactive flow fields including anode and cathode flow has been developed and the effects of different
flow direction at parallel flow was studied. Pressure drop along the flow channel and density distribution of reactant
and products and water transport, ion conductivity across the membrane and I-V performance are compared in terms
of flow directions(co-flow or counter-flow) using above numerical simulation method. The results show that the per-
formance under counter-flow condition is superior to that under co-flow condition due to higher reactant and water
transport resulting to higher ion conductivity of membrane.

Keywords : Proton exchange membrane fuel cell, Co-flow, Counter-flow, Water transport, lon conductivity.
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Fig. 1. Schematic of the parallel flow channel structure.
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2.2.1 Electro-osmotic drag flux

JH20 =2xn,x : Electro-osmotic drag flux  (8)

I(x,y,2)
2F
ng= Electro-osmotic draghAlGZA] ZFz+e] F4x0]29] 25|

olFshs =R FE FojHm v o] FHET o7

A 2 3R S vl PRG-I et

ny = 0.0029A2 + 0.051. — 3.4 x 1019 ©)
2.2.2 Back diffusion flux

_ pm, dr dl . . .
IH,0 back diffusion — —M_Z *D,,*—= : Back diffusion flux

m, dry (] 0)

AN, Pmay St My = SN 2EAL e ofe] 2
ot T YYD FEIMHTE L8R dald o
AN FEHTEF 0 A FFE Ttk

=

2.3 XM o
FRA DS Fig. 29} 7o) Parallel Fr53d2] 5k
< WA FAsIen Zizke] fEuEklA A S B



FA7SA, A 117, A 15, 2008 53

A€ 06"-\‘
A 0 \‘M\
O“i\ét 0\\‘\3‘ =
W ae) R > 3%
“‘\g‘\c&\ ?‘“0 \“\e‘\Cﬁ \?‘“0
[\)
©)
'E‘:;“\oéa \Ea\\oa
\ “\c‘\ o \“\&

(a) (h)

Fig. 2. Schematic of the parallel flow channel structure (a)Co-flow
and (b) Counter-flow.
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Fig. 3. Computational grids.

Table 1. Physical parameters
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Fig. 4. Comparison of experimental and simulated polarization
curves.

Description Value Description Value
Channel length (mm) 40 Cathode side pressure (atm) 1
Channel width (mm) 0.762 Anode stoichiometric number 1.5
Channel height (mm) 0.762 Cathode stoichiometric number 2
GDL thickness (mm) 0.254 0,/N, ratio 0.21/0.79
Catalyst layer thickness (mm) 0.00287 H, inlet mass fraction, anode (%) 11.54
Inlet temperature (°C) 80 H,0 inlet mass fraction, anode (%) 88.46
Anode side pressure (atm) 1 O, inlet mass fraction, cathode (%) 233
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Fig. 5. Two-dimensional velocity field in the parallel flow channel at
X=L/2.
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Fig. 6. Three dimensional distribution of pressure drop for Co-flow (a) and Counter-flow (b).
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Fig. 7. Molar concentration at flow channel for Co-flow (a) Counter-flow (b).
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Fig. 8. Molar O, concentration on membrane for Co-flow (a) and Counter-flow (b).
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Fig. 10 Molar H,O concentration on membrane for anode side Co-flow (a), anode side Counter-flow (b), cathode side Co-flow (c) and cathode
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Fig. 11 Water transport on the Membrane at V,,~0.7 V.
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Nomenclature

A,, Specific surface area of the control volume [m™]
F Faraday constant, 96,487 [C/mol]
ax Activity of water in stream K, dimensionless
n Number of electrons in electrochemical reaction
P Pressure [Pa]
u,v,w Velocities in and direction respectively[m/s]
C Condensation rate[S!]
D,, Diffusion coefficient of water [m?s]
I Local current density [A/m?]
M,, 4, Equivalent weight of a dry membrane [kg/mol]
n, Electro-osmotic drag coefficient
T Temperature [K]
S Source term
M Molecular weight of species[kg/mol]

A 114, Al 1=, 2008 57

Greek Symbol

a Net water flux per proton flux

k ionic conductivity [S/m]

4 Dynamic viscosity [kg - s/m?]

Pmary Density of a dry membrane [kg/m’]

S Permeability

& Porosity

A water content in the membrane

p Density of the mixture [kg/m?]
0,, Membrane conductivity [S/m]

Superscripts and Subscripts

a Anode
eff Effective value in porous region
m Membrane
H, Hydrogen
H,O Water
¢ Cathode
aw Anode side water
cw Cathode side water
k k species
N, Nitrogen

ik
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