Dynamic Model of a Passive Air-Breathing Direct Methanol Fuel Cell
Seungbum Ha, Ikwhang Chang, Suk Won Cha

Key words : Direct Methanol Fuel Cell(Z% = €ts AR AA]) Passive(5+%), Air-Breathing(55% 3
71), Dynamic Model(%&2] = =)

Abstract : The transient behavior of a passive air breathing direct methanol fuel cell (DMFC)
operated on vapor—feeding mode is studied in this paper. It generally takes 30 minutes after
starting for the cell response to come to its steady—state and the response is sometimes unstable. A
mathematical dynamic one-dimensional model for simulating transient response of the DMFC is
presented. In this model a DMFC is decomposed into its subsystems using lumped model and
divided into five layers, namely the anodic diffusion layer, the anodic catalyst layer, the proton
exchange membrane (PEM), the cathodic catalyst layer and the cathodic diffusion layer. All layers
are considered to have finite thickness, and within every one of them a set of differential-algebraic
governing equations are given to represent multi—components mass balance, such as methanol,
water, oxygen and carbon dioxide, charge balance, the electrochemical reaction and mass transport
phenomena. A one-dimensional, isothermal and mass transport model is developed that captures
the coupling between water generation and transport, oxygen consumption and natural convection.
The single cell is supplied by pure methanol vapor from a methanol reservoir at the anode, and the
oxygen is supplied via natural air—breathing at the cathode. The water is not supplied from external
source because the cell uses the water created at the cathode using water back diffusion through
nafion membrane. As a result of simulation strong effects of water transport were found out. The
model analysis provides several conclusions. The performance drop after peak point is caused by
insufficiency of water at the anode. The excess water at the cathode makes performance recovery
impossible. The undesired crossover of the reactant methanol through the PEM causes
overpotential at the cathode and limits the feeding methanol concentration.
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Table.3 Methanol crossover and water transport
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