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Stability of oscillatory and electrohydrodynamic flows over flexible surfaces
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The stability of oscillatory flows over compliant surfaces is investigated using analytical

and numerical methods. Two models are used for describing the compliance, the spring

backed wall model and the viscoelastic gel model and both are found to exhibit an instability

in the limit of zero Reynolds number. The amplitude of the oscillatory velocity for transition

to instability increases with the frequency of oscillations. The transition amplitude has a

minimum at zero wavenumber for the spring backed plate model, whereas the minimum

occurs at finite wavenumber for the viscoelastic gel model. Experimental studies on the

stability of an oscillatory flow past a viscoelastic gel confirm the theoretical predictions [1].

The second part of my talk deals with an electrohydrodynamic instability at the interface

between a gel and a fluid. A sensitive dependence of the electrohydrodynamic instability on

the thickness of the gel was observed. The analysis indicates that a single interfacial mode

undergoes an electrohydrodynamic as well as the shear instability mode and the effect is

additive in the linear limit.

The electrohydrodynamics of an infinitesimally thin elastic capsule, obeying the Mooney-

Rivlin constitutive equation, is presented next. The effect of electric capillary number Ca,

a ratio of electric and elastic stress on the unstressed geometry and the type of membrane

material on the deformation of a capsule is presented using analytical theory and bound-

ary element calculations. The small Ca analysis is verified with experiments conducted on

polysiloxane microcapsules with oil and water as the fluid outside and inside the capsule.

The comparison of experimental results with analytical theory and BEM simulations sug-

gests that the capsule deformation is highly non-linear and possibly plastic even at moderate

values of Ca.
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