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Abstract

Using the large eddy simulation (LES), both two-dimensional (2D) and three-dimensional
(3D) simulations of the velocity and pressure fields surrounding a rigid rectangular prism at
a Reynolds number of 10° are conducted. A finite difference numerical scheme based on
a staggered grid is employed. The convection terms are discretized with either QUICK or
central difference schemes, while the Leith method is employed for temporal marching. The
computed mean velocity along the symmetry line is compared with experimental results as well
as numerical results reported by other investigators. It is in closer agreement with the
experimental results than other reported numerical results. The mean, the root mean square
(RMS) pressure distribution on the prism surface, and the integral forces (lift and drag) are
computed. The correlation coefficients of pressure at different chordwise locations around
a square prism are also calculated. These simulations are found to be in very good agreement
with available experimental results reported in the literature. Both QUICK and central
difference schemes are used to discretize the convection terms, and the upwinding effect of the
QUICK scheme is investigated. A grid refinement study is also conducted to evaluate the effects
of grid size on the simulation results.
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1. Introduction

With developments in computational fluid dynamics and the ever-growing capabil-
ities of computers, numerical methods are becoming a promising analysis tool in the
modeling of wind-structure interactions. Turbulence models are developed to simu-
late high Reynolds number flows that are not achievable with direct numerical
simulation due to computer limitations. Literature suggests that the large eddy

* Corresponding author. E-mail: dyul@darwin.cc.nd.edu.

0167-6105/97/$17.00 © 1997 Elsevier Science B.V. All rights reserved.
PII S0167-6105(97)00073-1



196 D. Yu, A. Kareem/J. Wind Eng. Ind. Aerodyn. 67& 68 (1997) 195-208

simulation (LES) scheme is more attractive due to its higher accuracy in comparison
with techniques based on Reynolds-averaged Navier—Stokes equations. In LES, fluid
motions at scales larger than a prescribed filter size are resolved and solved directly,
while smaller scales are modeled by a subgrid-scale (SGS) model.

Murakami and his group conducted a series of numerical studies involving two-
dimensional square cylinders [1]. Their study has shown that the 3D modeling
provides a better representation of the flow characteristics than the 2D case, and the
LES modeling provides a better and more realistic simulation of the flow field.
Tamura [2] simulated the flow field around a square prism using the dynamic SGS
model. He also conducted the same simulation by employing a third-order upwind
scheme to discretize the convection terms without a SGS model. He concluded that
average and root mean square (RMS) values can be predicted by the computation
with reasonable grids, while other statistics, like the correlation of unsteady pressures,
did not compare well with the experimental data despite a large number of grid points
(4 million). To assess the current state of the art in LES for flow past bluff bodies,
a workshop was held in Germany in 1995 [3], where employed methods and obtained
results provided by a number of contributors were compared. Besides the numerical
simulations, a number of experimental studies are available in the literature. They can
be used as a data base for validating numerical results.

2. Governing equations and numerical methods

The Navier-Stokes equations for an incompressible fluid, combined with a sub-
grid-scale turbulence model, are used herein in LES of the flow around a
rectangular prism. In this study, the Smagorinsky model is used for the subgrid-scale
viscosity
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where i,j = 1,2, 3, 4 = (Dx,Dx,Dx5)"/* and C, = 0.10 for the 3D computation. For
comparison, representative 2D computational results are also presented in this paper,
with i,j = 1, 2, 4 = (Dx,Dx;)""* and C, = 0.15.

These equations are non-dimensionalized using the length of the front side of the
rectangular cross section, L, and the inflow velocity, U,. The time is non-dimen-
sionalized by L/U, and pressure with pU}, where p is the mass density of the fluid.






