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Abstract: A numerical analysis of electrochemical reaction and dynamics of the fluid flow in the channels of a

DMFC separator was carried out by using a commercial Computational Fluid Dynamics(CFD) code Fluent(ver.6.0).
From the simulation work, many valuable informations were obtained in terms of distributions of velocity, pressure,
temperature, concentration and current density over the flow field. And it was possible to optimize the flow field
structure by using the simulation results. The simulation work using the CFD code was found very helpful in anal-
ysing the phenomena occurring in the fuel cell and optimizing the structures of electrodes and flow field.
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Fig. 1. Schematic diagram and electrochemical reaction of the
DMFC.
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Table 1. Physicochemical properties used in this mod&t,

Anodic transfer coefficient(y) 0.239

Cathodic transfer coefficerntf) 0.875

Reference exchange current density in the amgﬁiﬁ( ) 94.25A/cm
Reference exchange current density in the cathﬁ,ge( ) 0.0422A/cm
Thermodynamic potential of MeOH oxidatio{*®" ) 1.24V
Thermodynamic potential of oxygen reductiof( ) 0.03v

Proton conductivity) 0.123S/cm

-"-i-
[ ST TE TE ST e
~

= Cuibede gE Tl L

-
-

Caibade cpial vl laye

e

T o

Craghiie pleir I it Mo M
i PR
(B L]

Fig. 2. 3-dimensional domain in the present model.
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Table 2. Dimension of the DMFC components.

) electrode
. inlet/outlet —
direction  (mm) channels 9as diffusion catalyst electrolyte
layer layer
X length 0.8 0.66 0.15 0.51
y height 0.8 0.22 0.05 0.17
z width 30 30 30 30
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Table 3. Material properties.

carbon paper

(gas diffusion layer) graphite plate

Thickness(mm) 0.219

Density(kg/cri) 450 1950
Thermal conductivity(W/mK) 1.674 1.162e+2
Porosity 0.78 -
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Fig. 3. 3-dimensional domains for three flow types; (a)serpentine
flow field, (b)parallel flow field(l), (c)parallel flow field(ll).

Table 4. Operating conditions used in this model.

Parameters Values
Cell Temp.fC) 80
Anode pressure(atm) 1
Cathode pressure(atm) 1
Anode inlet velocity(m/s) 0.1
Cathode inlet velocity(m/s) 0.1
Methanol concentration(M) 1
Oxygen concentration(%) 100
Contact resistance@n 0
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Fig. 12. Distribution of water on the various types of cathode flow
field.
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List of Symbols

C mass fraction, kg/kg

D diffusivity, cré/s

F Faraday constant, 96,487C/mol

HnS membrane separator thickness, mm

I current density, A/crh

lo effective current density, A/cin

Ip parasitic current density at cathode resulting

from methanol crossover, A/ém
j species mass flux, kg/cs
m source term in species conservation equation, fg/cm
R gas constant, J/(molK)

Reontact  ONMIC constant resistanc®/cn?



skl v)8)sks] =], Al 6 A,

time, s
temperature, K
velocity, m/s
cell cell voltage, V
coordinate, mm
coordinate, mm
coordinate, mm

N< X <c o~

Greek Symbols

O, anodic transfer coefficient at anode
ac cathodic transfer coefficient at cathode
€ porosity

h overpotential, V

k ionic conductivity of membrane, ci@?
r density, kg/cri

Superscripts

K species

MeOH methanol

O, oxygen

Subscripts

A anode

C cathode

g gas phase

| liquid phase

mS membrane separator

N

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
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