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Direct Numerical Simulation of the Flow Past
an Oscillating Circular Cylinder

S. J. Kang, M. Tanahashi, T. Miyvauchi and Y. H. Lee

The flow past a circular cylinder forced to vibrate transversely is numerically simulated by

solving the two-dimensional Navier-Stokes equations modified by the vibration velocity of a
circular cylinder at a Reynolds number of 164. The higher-order finite difference scheme is
employed for the spatial discretization along with the second order Adams-Bashforth and the first
order backward-Euler time integration. The calculated cylinder vibration frequency is between 0.60

and 130 times of the natural vortex-shedding frequency. The calculated oscillation amplitude

extends to 25% of the cylinder diameter and in the case of the lock-in region it is 60%. It is

made clear that the cylinder oscillation has influence on the wake pattern, the time histories of the

drag and lift forces, power spectral density and phase diagrams, etc. It is found that these results

include both the periodic (lock-in) and the quasi-periodic {non-lock-in) state. The vortex shedding

frequency equals the driving frequency in the lock-in region but is independent in the non-lock-in
region. The mean drag and the maximum lift coefficient increase with the increase of the forcing

amplitude in the lock-in state. The lock-in boundaries are also established from the present direct

numerical simulation.
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Fig. 1 Schematic of an oscillating
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Fig. 3 Power spectrum of the lock-in region.
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