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Dynamics of a flapping plate in laminar and turbulent flows
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Self-sustained, flow-induced oscillations of a flexible plate has been identified as a viable mechanism for
energy harvesting [H However, the efficiency of such energy-harvesting devices strongly depends on the
onset of aeroelastic instabilities!. Restricting ourselves to inextensible plates, these instabilities depend on
four key non-dimensional parameters: the Reynolds number, the structure-to-fluid mass ratio, the bending
rigidity, and the aspect ratio of the plate.

In this talk, we address recent advances in the numerical and theoretical modeling of three-dimensional
flow around a flapping plate subjected to viscous laminar and turbulent inflow conditions.

To this aim, our in-house numerical code is used to solve the fluid-structure interaction problem.

The parametric space is explored and the onset of the fluid-structure instability is predicted by extending
the theory of Connel and Yue E] to account for the finite span of the plate through a modified added mass
coefficient.

Specifically, three distinct regimes of response can be identified in the parametric space : (i) fixed-point
stability, (ii) limit-cycle flapping, and (iii) chaotic flapping. We present a comprehensive mapping of the
flapping modes in the M — Kp plane, covering an extensive region of the parametric space (see Figure 1).
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Figure 1: Overview of the typical deformation state regions on the M-Kp plane for Re = 200, where the
symbols e, l, %4, and * represent the straight, mode 2, mode 2 + 3, mode 3, and mode 4 flapping modes,
respectively. Empty markers indicate irregular flapping.

The dashed (=====~ ) and solid ( ) lines denote the original and modified model of Connel and Yue 3.

For each case, we investigate the flapping dynamics (including peak-to-peak amplitude and Strouhal num-
ber) and assess the energy-harvesting performance of the plate by measuring the elastic strain energy and
calculating the energy conversion ratio !. Consequently, the optimal flow configurations for energy harvest-
ing are identified in all flow regimes and rationalized by monitoring the effect of bending rigidity and mass
ratio on the corresponding flapping dynamics.

The most important cases for energy harvesting are then revisited under turbulent inflow conditions. Tur-
bulence is promoted by placing a passive grid at the inlet of the computational domainE]
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