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Nonlinear analysis of two-phase flow dynamicsin a
polymer electrolyte fuel cell cathode
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In polymer electrolyte fuel cells (PEFCs), proper
water management is required for optimal fuel cell
performance. Product water is needed to hydrate the
membrane and decrease its ionic resistance, bumhtot
water can flood the cathode and increase the toainsp
resistance of the gaseous reactants. Efficientrwate
management maintains the proper balance of watlrawi
minimal parasitic load for reactant delivery andava
removal.

The highly nonlinear and chaotic system
dynamics associated with water accumulation and
removal, shown in Figure 1, add significant comjileto
water management optimization. In this work, welgap
nonlinear analysis to the voltage output of a 56 REFC
with an 18um Gore membrane operating under varying
levels of water accumulation and removal to identif
fundamental nonlinear quantities.
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Figure 1: PEFC voltage signal under low-current low-air
flow rate conditions. The onset of instability ird by
cathode flooding can be witnessed at about 400nsis¢o
after which the voltage signal is completely lastuand

700 seconds. The inset shows the time-delay emdedde
strange attractor of the 400-700 second window with
fractal dimension of ~3.4.

After using a nonlinear noise reduction scheme
in the time-delay embedded state space [1], wenati
chaotic invariants indicative of the health of thel cell.
One estimated invariant is the fractal correlation
dimension, a measure of the degrees of freedom, or
complexity, of the dynamics [2]. Additionally, wedntify
scale-invariance in the frequency power spectraisha
correlated with the degrees of dynamical freeddrays
in Figure 2.

A second invariant is the correlation entropy, an
estimator for Kolmogorov entropy [3]. It is an
information-theoretic entropy indicative of the aumo of
prior information needed to specify the currentaiyical
state, with less stable dynamics exhibiting higirgropy.
We propose to use the maximal Lyapunov exponent of
the return map as an indicator of the dynamicédikty
of the fuel cell, Figure 3. The results can be usdtie
design of an optimal water management scheme.
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Figure 2: Frequency power law exponghvs. air
stoichiometric ratiax for different current densities. The
trend inp for each current density is consistent with
estimated correlation dimensions.
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Figure 3: Lyapunov exponent (LE) estimates for the
voltage return map vs. air stoichiometric ratifor
different current densities. The least stable djpmra
occurs at lowr and low current.
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