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Abstract Number: 129

Introduction: Even though many experimental studies of polymer electrolyte membranes (PEM) fuel cells have recently appeared, the complexities of the local internal physics make it difficult to explain the observed current-voltage behavior. These explanations may be obtained by using by Computational Fluid Dynamics (CFD) techniques. CFD has been used to generate three-dimensional models of PEM fuel cells that show the current distribution in the plane of the membrane with the purpose improving the fuel cell performance. This performance can be affected significantly by the heat generated due to reaction at the catalysts on the membrane. Further, water evaporation and condensation are coupled to the heat transfer and the temperature changes inside the fuel cell. The evaporation and condensation changes the conductivity of the membrane and thus the local current density and all of these phenomena need to be included in the models. The advantages of using CFD to improve PEM fuel cell models, to simulate the complex geometry of experimental cells, and to include complicated equations to capture the liquid water changes and transient responses will be discussed.

Methods and Materials: A control volume technique based on a commercial flow solver, FLUENT, was used to solve the coupled governing equations. Accumulation terms were included for the transient calculations. CFD software requires specification of the species source terms and new subroutines were written to account for the electrochemical reactions for this simulation. Also FLUENT requires a user-subroutine to account for the flux of protons and water across the membrane.
Results: Figures 1 and 2 show local current density on the membrane surface at condition of very low inlet humidity and high inlet humidity, respectively. These local current density values cannot be obtained with 1-D or 2-D simulations. The results indicate that there are significant spatial variations in the local current densities values. The observed variation in current density distribution is due to water content variations on the membrane surface rather than H2 or O2 limitations. Additional results will be shown that predict the transient current density response to changes in the cell voltage or load2. These figures present the over shoot of current density for different rates of change in the cell voltage (0.7 - 0.5 V) on 10-cm2 PEM fuel cell.

Conclusions: Three-dimensional simulations using CFD software present the most realistic models and comparison with experimental data. This computational technique gives proper understanding of the flow behavior and the transport phenomena of reacting gases. CFD techniques provide predictions of water, temperature, and current density distributions inside the fuel cell. These observations are very difficult to achieve by experimental means due to the complexity and small length scale involved. 
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Fig1. Local Current density contours on the membrane for

Fig 2. Local Current density contours on the membrane for

very low inlet humidity. Legend: red= 0.33, green=0.28, 


 high inlet humidity. Legend: red= 0.81, green=0.66
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blue=0.24 A/cm2. 

 









blue=0.57 A/cm2.















