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Abstract — In most PEM fuel cell research, effects of cell geometry, physical properties of component such as mem-
brane, carbon cloth, catalyst, etc. and water transport phenomena are key issues. The scope of these research was lim-
ited to single cell and stack except BOP(Balance of plant) of fuel cell. The research fouced on the fuel cell system
usually neglect to consider detailed transport phenomena in the cell. The research of the fuel cell system was interested
in a system performance and system dynamics. In this paper, the effect of the anode recirculation is calculated using the
2D steady-state model. For this work, 2D steady-state modeling and experiments are performed. For convenience of
modifying of model equation, not commercial pakage but the in-house algorithm was used in simulation. For an vehicle
industry, the analysis of the anode recirculation system helps the optimization of operating condition of the fuel cell.
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Fig. 1. Structure of the 2D model.
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Table 1. Source terms for the governing equations

S, S,
Channel 0 0
GDL -He? _Be?
K" K*Y
CL ——scu+E®@ ——scu+E®@
4 6x 4 6y
Membrane 7‘H‘SmU+E®£ 7I-<H—psmu+E®‘Z‘—)
Sk Se
Channel 0 0
GDL 0 0
__da
For H2 2Fc1m‘al
__L For Anode j,
L ForH,0 “3Fc,,., For Cathode j,
For O, — Je
F Ctmal
Membrane 0 0
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Table 2. The Parameters used in the PEMFC modeling
Parameter Symbol Value Unit
Channel length Leus 42 cm
Channel height Heur 0.1 cm
Channel width Wenr 0.3 cm
GDL thickness topr 0.025 cm
Catalyst layer thickness terr 0.005 cm
Membrane thickness tem 0.025 cm
Air pressure P. 1 atm
Fuel pressure P, 1 atm
Relative humidity of inlet fuel 0, 100 %
Relative humidity of inlet air 0, 100 %
Anode temperature T, 353.15 K
Cathode temperature T. 353.15 K
Viscosity n 1.0e-4 g/cmsec
Oxygen diffusivity in gas Do), eas 1.0e-5 cm?/sec
Hydrogen diffusivity in gas Dy, as 2.63e-2 em¥/sec
Vapor H,O diffusivity in gas Dy, 0vap, gas 6.0e-2 em?/sec
Dissolved oxygen diffusivity in active layer and membrane Do, eiec 1.0e-5 em?/sec
Dissolved hydrogen diffusivity in active layer and membrane Dy eiee 2.59%-6 em?/sec
Dissolved vapor water diftusivity in active layer and membrane Dy1,0vap, elec 2.0e-5 em?/sec
Porosity in GDL €6DL 0.4 -
Porosity in catalyst layer €crr 0.28 -
Anodic transfer coefficient in anode o 0.5 -
Cathodic transfer coefficient in anode o 0.5 -
Anodic transfer coefficient in cathode o 0 -
Cathodic transfer coefficient in cathode o 1 -
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Fig. 2. Structure of the PEMFC system model.
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Fig. 3. Structure of the main-algorithm.
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Table 3. The conditions of an experiment

Temperature 353.15K
Anode flow rate 0.456 Ipm
Cathode flow rate 1.450 Ipm
Anode stoic. X1.5
Cathode stoic. X2
Pressure 1 atm
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Fig. 7. Distribution of x-axis velocity at the entrance region of anode
GDL.
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Fig. 8. Distribution of pressure through channel-GDL of cathode.
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