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An iterative methodology for the computation of perturbation
fields induced by harmonic forcing of the linearised Navier-Stokes equa-
tions in complex geometries and application to forced cylinder wakes1

GEORGE PAPADAKIS, LIANG LU, Imperial College London — An efficient, it-
erative methodology is developed for the computation of the perturbation fields
induced by harmonic forcing of the linearised Navier-Stokes equations in complex
geometries. The problem is formulated in the frequency domain and the resulting
system of equations is solved iteratively until convergence. This approach offers dis-
tinct advantages: convergence is monitored easily, and the solution from one value
of frequency can be used as a restart field for another, nearby, frequency. It is also
straightforward to implement in any implicit code that solves the steady Navier-
Stokes equations iteratively. The method can be extended to solve the optimal
forcing problem, i.e. to find the forcing fields that will maximise the energy of the
flow perturbations for a particular frequency. In the present study, the method is
applied to investigate the wake behind a cylinder with pulsating approaching flow.
The perturbation velocity and pressure fields induced by external forcing are com-
puted and the mechanisms that drive the energy growth of the developed structures
in the wake are examined. It is shown that perturbations grow by extracting energy
from two sources: the underlying base flow field and the externally provided energy
that maintains the imposed oscillation.
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