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     The polymer electrolyte fuel cell (PEFC) is considered to be an attractive power source for automotive application.  It is well known that the ion conductivity of polymer electrolyte membrane (PEM) is high only when the membrane is hydrated [1].  Thus, it is very important to clarify the water content distribution in the membrane under fuel cell operating condition.  In our previous study [2], we established a method to measure the water distribution in the membrane under operation by using magnetic resonance imaging (MRI).  It was revealed that water concentration gradient established in the membrane with high cell current.  In this study, we conducted a numerical analysis of water transport in the membrane based on experimental observations by MRI.
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     Before carrying out numerical analysis, we conducted a MRI experiment to evaluate a mass transfer coefficient of water into the membrane assembled in the fuel cell, because accurate determination of the mass transfer coefficient is essential to describe water transport in the membrane under operation.  In the experiment, we examined a hydration process of the membrane in the fuel cell.  The membrane was initially kept dried out and then we began to supply humidified nitrogen gas to the membrane in the cell.  Figure 2 shows time variation of water content in the membrane after humidification.  Dew point of the supplied gas was regulated from 40 to 60 OC, respectively.  By analyzing the plots, we determined the mass transfer coefficient with 10-4 cm/sec.  It is also noteworthy that the water content under equilibrium increased with dew point of the gas.  Figure 2 plots the measured equilibrium water contents with a typical isotherm absorption of a membrane reported [3].  We can see the measured water content in the cell at high vapor activity (=1) is smaller than one measured by Hinatsu et al.  In Hinatsu’s experiments, water absorption to the membrane was examined.  In our study, we measured water absorption to the membrane assembled in the cell.  This suggests that the membrane in the cell have an upper limit on water content due to confinement by the cell.  This confinement effect was also taken into account in our numerical simulation.

     In Fig.3, we shows water content profiles with variation of cell current obtained by MRI in comparison with those obtained by our numerical simulation.  Simulation results with confinement effect (lined in the figure) are in good agreement with MRI results in each condition. However once we remove the confinement effect (broken line in the figure), the simulation results are much higher than MRI results.  Thus, we conclude that the limitation of the water content in the membrane assembled in the cell is one of the very important factors for analyzing water transport in PEFCs.
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Fig.2: Isotherms for water uptake from water vapor.



Case C; 0.222 A/cm2, 0.390V



Fig.3: Water content profiles in the membrane. In the MRI results, left side is the anode. 



Case B; 0.089 A/cm2, 0.621V
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Fig.1: Time variation of water content in the membrane after humidification.
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