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Abstract — Here has been examined a 3-dimensional computational fluid dynamics (CFD) modeling in order to inves-
tigate the performance analysis of proton exchange membrane (PEM) fuel cells with serpentine flow fields. The present
CFD model considers the isothermal transport phenomena in a fuel cell involving mass, momentum transport, electrode
kinetics, and potential fields. Co-current flow patterns for a PEMFC are considered for various geometries in the single
straight cell. Current density distribution from the calculated distribution of oxygen and hydrogen mass fractions has
been determined, where the activation overpotential has been also calculated within anode and cathode. CFD results
showed that profiles differ from those simulations subjected to each the calculated activation overpotential. It is inter-
esting that the present serpentine flow field shows the specific distribution of current density with respect to the aspect
ratio of depth to width and the ratio of reaction area for various serpentine geometries. Simulation results were consid-
ered reasonable with the other CFD results reported in literature and global comparisons of the PEMFC model.
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Fig. 1. Configuration of a PEMFC.
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Fig. 2. PEMFC geometry.
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Table 1. Parameters for the present CFD modeling

Parameters Unit Value
Cell length m 13.5%1073
GDL width m 0.25x10
Porous electrode thickness m 0.05x1073
Membrane thickness m 0.125x107
GDL porosity - 0.4
GDL permeability m? 1x10™
GDL electric conductivity S/m 53
Inlet H, mass fraction (anode) - 0.9
Inlet H,O mass fraction (cathode) - 0.1
Inlet oxygen mass fraction (cathode) - 0.19
Anode inlet flow velocity m/s 2
Cathode inlet flow velocity m/s 2
H,-H,0 Binary diffusion coefficient m¥/s 0.0111
N,-H,0 Binary diffusion coefficient m¥/s 0.0031
0O,-N, binary diftusion coefficient m¥/s 0.0029
0,-H,0 binary diffusion coefficient m%/s 0.0028
Cell temperature K 343.15
Reference pressure Pa 101325
Cell voltage v 04~1
Oxygen reference concentration mol/m? 40.88
Hydrogen reference concentration mol/m? 40.88
volume fraction for gas diffusion in electrode - 0.3
Permeability (porous electrode) m? 1x10™
Membrane conductivity S/m 42

Table 2. Case studies for different AR and RAR

RAR AR Ch_width(mm) Ch depth (mm) Rib_width (mm)

CASE 1 0.6 0.3
CASE2 0.9 0.45
1 0.5 0.5

CASE3 1.2 0.6
CASE 4 1.5 0.75
CASE 5 0.6 0.3574
CASE 6 0.9 0.53604

1.5 0.5956 0.3971
CASE 7 1.2 0.7147
CASE 8 1.5 0.8934
CASE9 0.6 0.395
CASE 10 0.9 0.5927

2 0.659 0.329
CASE 11 1.2 0.7902
CASE 12 1.5 0.9878
CASE 13 0.6 0.422
CASE 14 0.9 0.632

2.5 0.703 0.2812
CASE 15 1.2 0.844
CASE 16 1.5 1.05
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Fig. 3. I-V curve for the present PEMFC modeling.
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