Frequency and amplitude modulation in the wake of an inline driven
cylinder
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ABSTRACT

Simulations of a cylinder undergoing externally-controlled sinusoidal oscillations in the freestream
direction have been performed, similar to previous experimental [1] and numerical [2] studies. Interest
in this problem stems from the fact that the symmetry of the forcing is different from the symmetry of
the natural Kdrmén vortex street of the unperturbed wake. The focus was kept on the case where the
frequency of oscillation was equal to the vortex shedding frequency from a fixed cylinder, while the
amplitude of oscillation was varied.

For low to moderate amplitudes, the wake dynamics appear to be controlled by a new global mode mod-
ified by the driven oscillation. The frequency of this global mode, which is essentially a new frequency
of vortex shedding, is a function of the driving amplitude.

The frequency of vortex shedding shows slight deviations in the regions where the new shedding fre-
quency and the driving frequency make an integer ratio. Here, the flow synchronises to a subharmonic
of the driving frequency. At least 6 of these Py modes (periodic over N oscillation cycles) have been
identified. These Py modes occur in a series, interleaved with regions of quasiperiodicity, with N de-
creasing with increasing amplitude of oscillation, until synchronisation to a P, mode.

Spectra of the lift force show numerous frequencies as well as the new shedding frequency, however
the driving frequency does not appear. Instead, the frequency components present consist of the sum
and difference of the new shedding frequency with integer multiples of the driving frequency. These
components are explained by considering the lift as a sinusoid at the new shedding frequency, which is
frequency modulated by the driving frequency, and then further amplitude modulated. The frequency
modulation is explained by considering the body as a wave generator. This wave generator model,
coupled with the synchronisation phenomenon, appears to explain the behaviour of the wake up until
amplitudes where the P> mode loses stability to chaotic oscillations.
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