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Abstract:

In this talk, we discuss energy harvesting from
" . { steady, oscillatory, and unsteady water flows
M ' " | using lonic Polymer Metal Composites
(IPMCs). After a brief description of this new
class of active materials and their ability to
transduce strain energy into electrical form, we
propose a modeling scheme based on the Poisson-Nernst-Planck framework to describe their
complex chemoelectrical response to an imposed mechanical deformation. We utilize the method
of matched asymptotic expansions to compute a closed-form solution for the electric potential
and counterion concentration in the IPMC. The model predicts that IPMC sensing is independent
of the time rate of deformation and linearly correlated to the mechanical curvature, with a
coefficient of proportionality that is a function of the ionomer thickness and the thermal voltage.
We present a few case studies spanning this broad range of flow environments, spanning base
excitation, impulsive loading from an impinging vortex ring with an IPMC, and impact on the
free surface of a quiescent fluid. Analytical insight on the mechanics of the coupled fluid-
structure problem is used to interpret experimental results and provide design guidelines for

sensors and energy harvesters based on active compliant materials in fluids.
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