Korean Chem. Eng. Res., Vol. 45, No. 1, February, 2007, pp. 93-102

2™ ek H=2MX]| K2 HAIE e 3k =Y et
215M - Valeri A. Danilov - 2Z7* - 2

At 3lehgsta}
120-749 AE&A] AURET- A1E% 134
*GS ZEA T3]
305-380 Al F/37- &A1 1044
2006 118 159 A7, 2007 1€ 94 A=)

Development of 3D DMFC Model for Flow Field Design

Hongseong Kim, Valeri A. Danilov, Jongkoo Lim* and Il Moon'

Department of Chemical Engineering, Yonsei University, 134, Sinchon-dong, Seodaemun-gu, Seoul 120-749, Korea
*GS Caltex Corporation, 104-4, Munji-dong, Yusung-gu, Daejeon 305-380, Korea
(Received 15 November 2006; accepted 9 January 2007)

fo

ok
2

H AFellAE A4 viekE AR ] A7) 318} vhgof ofs) WS oikslekis) w2 24E fl8l 71A A
BE s WEE 5 e A BES ALEIith Aksls Foll WAk 71A|e] 2de AA] weks AdudxE

Akt S8% EAlolH, Ag A2 Aol Akt JFE Fr F2E 71AS] 287 ol WS A7 3
O} ket fR2E Akl Adste] 22 tIARLE: 3= 212 of il vlol &} FEo|ES] %2 71 wiitel W
£ Blgo] AQsitt. o] TAIE dEsk] fls] WA frAlelet Rl 71le =Qleisitt. Ak frAloEks: TNk w &
o I two-fluid LS o]83te] fAS] 55 HElS A2t sfo] FAo 2 Ajle] 3FE &Y F A%,
hEAQ 47F4] ATHA] 522 serpentine, zigzag, parallel, semi-serpentine e 7kl RS 2 g3lo] &= 9F
g, mlehs 258, 71A 28 S5 ARSIt AR ARE olgste] ZF Fel] B9 RS ekl o &
o ® 7hAE 8 0R AAT 7 Qe HA FEE A sl

Abstract — The objective of this study is to develop a 3D DMFC model for modeling gas evolution and flow patterns
to design optimal flow field for gas management. The gas management on the anode side is an important issue in DMFC
design and it greatly influences the performance of the fuel cell. The flow field is tightly related to gas management and
distribution. Since experiment for the optimal design of various flow fields is difficult and expensive due to high bipolar
plate cost, computational fluid dynamics (CFD) is implemented to solve the problem. A two-fluid model was developed
for CFD based flow field design. The CFD analysis is used to visualize and to analyze the flow pattern and to reduce the
number of experiments. Case studies of typical flow field designs such as serpentine, zigzag, parallel and semi-serpen-
tine type illustrate applications of the model. This study presents simulation results of velocity, pressure, methanol mole
fraction and gas content distribution. The suggested model is verified to be useful for the optimal flow field design.
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Fig. 1. Reaction Schematic and principle of the direct methanol fuel cell

Table 1. Geometry of the flow fields

Parameter Value [m]

Plate Width 0.05

Plate Height 0.05

Channel Width 1.0x 1073

Channel Depth 1.0x 107

Rib Width 1.0x 103
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Table 2. Governing equations for anode channel
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Table 3. Operating conditions

Parameter Value

Operating temperature 80 °C

Operating pressure 1 atm

Inlet velocity of anode channel 0.083 m/s

Inlet methanol concentration at anode 1M

Tnlet cross sectional area 1x107° m?

PEM thickness 1.85x10* m
Table 4. Physicochemical properties

Parameter Value

Proton conductivity of membrane 0.123 S/cm
Thermodynamic potential of oxygen reduction 124V
Thermodynamic potential of methanol reduction 003V
Cathodic transfer coefficient of cathode 0.875

Anodic transfer coefficient of anode 0.239
Reference exchange current density of anode 94.25 A/m>
Reference exchange current density of cathode 0.04222 A/m>
Faraday constant 96,487 C
Universal constant 8.314 J/mol-K
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Fig. 2. Velocity distribution in anode channels for DMFC with ser-
pentine.
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Fig. 3. Velocity distribution in anode channels for DMFC with zigzag
flow field.
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Fig. 4. Velocity distribution in anode channels for DMFC with paral-
lel flow field.
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Fig. 5. Velocity distribution in anode channels for DMFC with semi-
serpentine flow field.
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Fig. 14. Gas content distribution in anode channels for DMFC with
serpentine flow field.
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Fig. 13. Methanol mole fraction distribution in anode channels for DMFC
with semi-serpentine flow field.
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Fig. 15. Gas content distribution in anode channels for DMFC with
zigzag flow field.
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Fig. 16. Gas content distribution in anode channels for DMFC with
parallel flow field.

Fig. 17. Liquid distribution in experiment with parallel flow field.
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Table 5. Characteristics of the different flow fields

Fig. 18. Gas content distribution in anode channels for DMFC with semi-
serpentine flow field.
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Fig. 19. Comparison of the different flow fields.
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Flow fields Serpentine Zigzag Parallel Semi-serpentine
Average pressure (Pa) 197.2543 44.72826 51.3640 10.5686
Average velocity (m/s) 0.0303 0.0365 0.0083 0.0151
Average gas content (-) 0.4304 0.7027 0.7978 0.7749
Average MeOH mole fraction (mol/mol) 0.0116 0.0115 0.0102 0.0125
Total volume (m®) 1.384x107 1.400x107° 1.384x107° 1.477x107°
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M7=
C : mass fraction [kg kg™']
D : effective diffusion coefficient [m? s7']
F : Faraday constant [C mol™]
G : gas flow rate [kg s7']
g : acceleration [m s7]
k : permeability of porous material [m?]
K : distribution of the components [—]
L : molar flow rate [mol s™']
H : membrane thickness [m]
1 : current [A m~]
h : channel height [m]
M : molecular weight [kg mol™]
N : mass flux [kg m2s™]
P : pressure [Pa]
R : gas constant [J mol™ K]
S : area [m?]
T : temperature [K]
u : velocity vector [m s
U : thermodynamic potential of oxygen reduction [V]
UMeOH . thermodynamic potential of methanol oxidation [V]
V.ode : volume of anode channels [m?]
V.u :cell voltage [V]
X : molar fraction in liquid phase [mol mol™]; coordinate [m]
y : molar fraction in gas phase [mol mol™]; coordinate [m]
z : coordinate [m]
Jz2[o|A 2K}
o : transfer coefficient
€; : gas content [m> m~]
Y : local fractional vaporization; kinetic factor [—]
Y, : advection correction factor [—]
p : density [kg m™]
I : source of mass in gas phase [kg m= s7']

c : ionic conductivity of membrane [m Q]
\} : coefficient [mol m?]

n : viscosity [Pa s]

n : overpotential [V]

A : feeding ratio of air and methanol [—]
ARt

k : component (MeOH, CO,, H,0, O,)
OHEKL

i : component

in : inlet

out : outlet

L : liquid

G : gas

A : anode

C : cathode

eff : effective

mix : mixture

DL : diffusion layer

ref : reference

t : total

S : interface; solid
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