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Numerical Simulation of Flow around a Square Cylinder

by
Shinichi KURODA

ABSTRACT

To predict behavior of such structures as long span bridges in turbulent winds, it is important to evaluate quantitatively the spanwise
correlation of fluctuating pressures on their surfaces. However there have not been many instances in which numerical prediction of the
spanwise correlation was attempted. In the present paper, prediction of the spanwise correlation of fluctuating pressures on side surfaces of
a square cylinder in a smooth flow was done as a try with a grid that has the same spanwise length as a windtunnel model and is relatively
fine. The filtered incompressible Naivier-Stokes equations are used as governing equations. Smagorinsky model is employed as the
subgrid-scale model. The numerical algorithm is based on the method of pseudocompressibility. The convective terms are differenced
with a fifth-order upwind scheme. The viscous fluxes are differenced with second-order accurate central differences. To solve the
algebraic equations resulting from the implicit time differencing, an unfactored line-relaxation scheme is used. The implicit scheme is
second-order in time. The numerical code was verified using a test case of the turbulent channel flows. It is then applied to prediction of
the spanwise correlation of fluctuating pressures on a square cylinder. The calculated spanwise correlation agreed well with the
experimental results of Vickery (J. Fluid Mech., Vol.25, 1966). In the computation, amplitudes of lift coefficient variations dropped almost
to zero intermittently. When the amplitude became very small, the fluctuating pressure on the side surfaces and the separating shear layers
had opposite phases in two adjacent regions along the spanwise direction of the cylinder.
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