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			Abstract	

			Modeling the transport phenomena in a fuel cell system is important to the development of fuel cells. Numerical models can be used to improve some important areas in PEMFCs design, such as water management, fuel cell thermal management, fuel cell stack design, and fuel delivery. The purpose of this work is to present a two-dimensional transient model of the gas flow in the fuel cell (PEMFC). The model includes various conservation equations such movement and energy equations. The governing equations were resolved by the finite volume method. 
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			Introduction

			PEFC is a device that converts chemical energy in fuels directly into electricity with high efficiency, no combustion or moving parts [1]. PEMFC has many advantages, including clean, efficient and high-power density, etc., and it is regarded as an ideal power source for vehicles in the future [2,3]. Water management is one of the critical issues in the performance modeling of a PEMFC. At high cell current densities, excessive water transport throughout the membrane and water production in the cathode catalyst layer result in mass transport limitations and flooded GDL gas pores with water. At low cell current densities membrane dehydration may occurs at the anode side resulting in membrane ohmic losses. 

These losses cause reduction of the PEMFC performance. Modeling the transport phenomena in a fuel cell system is important to the development of fuel cells. Numerical models can be used to improve some important areas in PEMFCs design, such as water management, fuel cell thermal management, fuel cell stack design, and fuel delivery.

			Problem Description

			The computational domain is depicted in Figure 1. The model consists of gas channel, gas diffusion layer, cathode catalyst layer. The interfaces between the GDL and membrane are impregnated with a platinum catalyst and are called catalyst layer (CL).

			[image: ]

			Mathematical Modeling 

			Assumptions 

			In our model, the following assumptions are used

			
					Stationery model

					The temperature of the cell is constant

					The gas flow is laminar and incompressible

					Viscosity of the mixing gas is constant

					Isotropic and homogeneous electrodes

					The momentum equations will be reduced Darcy equations

					The water in the cathode is a vapor

					Two-dimensional mathematical model

			

			Governing equations 
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			Mixing speed U is expired as a function of the concentration of mixture C using ideal gas law (P = CRT), and the concentration is expired as a function of the density ρ of the mixture, the concentrations of oxygen and water vapor CO and CV, and the molar masses of species (O2,H2O,N2)
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			 [image: ] Effective diffusion coefficients are obtained using Bruggeman correlation and their dependencies of temperature and pressure [4]
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			 K,μ,ε,DK0 respectively are permeability, viscosity, medium porosity and species diffusion coefficients under standard conditions.

			Boundary conditions 

			The unknown is ρ,CO2,CH2O, so the external borders of the field calculation (Figure 2) zero flow condition is used except for the air inlet and the catalyst layer.
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					y=0 at the air inlet, we take the average values in the air channel[image: ], [image: ], [image: ]
To calculate the average values
Between the input and the output of the channel, we need the expression of mole fractions of species to the outputs which are written [5]
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					y=0 on the surface of the collector plate of the current, this segment is a non-permeable boundary (wall) applying conditions of zero flow and speeds:
[image: ], [image: ]


					x=0 and x=W are the axis passing through the half of the channels of the opening’s gases, whichare axes of symmetry where the condition of symmetry is applied.


					y=H It is on the border with the catalyst layer where it is assumed that the electrochemical reaction is going to a fast, so concentrations are negligible downstream of the layer and the diffusive flux Jk species are depending on the density I which varies according to the distance x according to the curve in Figure 3 given by BAO and others [5] which can be interpolated by a polynomial. [image: ]
Numerical Procedure
The governing equations are discretized by using the finite volume method [6]. For the variables of space, we apply an interpolation of difference centered, and with an implicit scheme for the time variable. To accelerate convergence, we choose a cartesian grid nxxny=16x12 to 1646 iterations converges with a relative error of 4x10-4. The results obtained for the profiles of the mole fractions of oxygen and water vapor and the velocity profile are illustrated respectively in Figure 4-6. The influence on the water management caused by the variation of the air humidification parameters, the pressure of the stack, the air stoichiometry, the diffusion layer thickness and the width of the plate collector current, are shown respectively in Figure 7-11. By analyzing these profiles and curves can be seen that the upper part of the axis of the half of the collector plate is the most embedded location of the cell so it is taken as an indicator of the evacuation of water by varying the parameters from the stack. The results for the concentration profiles and velocity are in good agreement with those published in references [5,7].
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Conclusion
 An algorithm for water management in the cathode side of the PEMFC was developed. The net water transported coefficient through the membrane decreases from the cathode side to anode side because of the decreasing of electro-osmotic drag coefficient. The net water transported coefficient depends on the cell current density, water activity and water partial pressure. Electroosmotic drag has the main contribution to the net water flux transported through the membrane. The amount of water condensation becomes much more at the GDL/CL interface than other regions of GDL.
Nomenclature


			

			
					A=Electrode area, m2

					A=Effective catalyst area per unit volume, m2/m3

					Ck=Molar concentration of species k, mol/m3

					Cp=Specific heat, J/kg K

					D=Species diffusivity, m2/s

					EW=Equivalent weight of dry membrane, kg/mol

					F=Faraday’s constant, 96,487 C/equivalent

					I=Current density, A/cm2

					i=Superficial current density, A/cm2

					j=Transfer current density, A/cm3

					k=Thermal conductivity, W/m K

					M=Molecular weight, kg/mol

					P=Pressure, Pa

					R=Universal gas constant, 8.134J/mol K

					S=Source term

					T=Time, s

					T=Temperature, K

					velocity vector, m/sGreeks


			

			
					ρ-density, kg/m3

					v-kinematic viscosity, m2/s

					φ-phase potential, V

					ξ-stoichiometric flow ratio

					λ-membrane water content

					ε-porosity

					η-surface overpotential, V

					τ-shear stress, N/m2

					σ-electronic conductivity, S/mSuperscripts and Subscripts


			

			
					a=Anode

					c=Cathode; capillary

					CL=Catalyst layer

					E=Electrolyte

					eff=Effective value

					GDL=Gas diffusion layer

					In=Inlet

					k=Species; liquid or gas phase

					m=Membrane phase

					o=Gas channel inlet value; reference valueref=Reference value
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Figure 3: Current density curve.
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Figure 2: Field Caloulation.
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Figure 1: Structure of the diffusion layer.
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