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1. Introduction

Due to very high Reynold numbers in real flow conditions, simulation of turbulent flow
is necessary in the field of wind engineering. Large eddy simulation(LES), which does not
require so many grid points in simulation as direct numerical simulation, is widely used to
predict turbulent flows in mechanical and aeronautical engineering[3]. However, application of
LES to flows around bluff bodies is limited[4,5]. This paper tries to show some possibilities of an
application of LES to wind engineering problems especially for flow around a circular cylinder.
Finite element analysis is used as a numerical scheme in this study.

2. Eddy viscosity model
Large eddy simulation(LES) with Smagorinsky subgrid scale model[1] is used in this study. The
filtered Navier-Stokes equations take the form
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where u; is a mean component of velocity in i direction; P is mean pressure;p is the density of
fluid; v is the kinetic viscosity of fluid; and vy is an eddy viscosity which is calculated from
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where C (= 0.1) is a subgrid constant; & is the length scale which is set equal to the square root
of each finite element area; §,~,~ is the strain rate tensor.
So as to account for a high peak of eddy viscosity which results from high velocity

gradient at near wall region, usually various kinds of damping function are employed. In this
paper, we investigated an effect of the Van Driest damping function[2] :
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where { is the distance to the nearest wall; D is
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the diameter of the circular cylinder; ¢ T = Curlv T
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the boundary conditions are shown in Fig. 1. This
domain is discretized into 2940 nodes and 2840
elements (Fig. 2). The numerical simulation is done by
increasing the upstream velocity up to Re =
103,104,and 10 respectively. A flow pattern at Re =
104 is shown in Fig. 3. The introduced damping
function cancels high peaks of eddy viscosity near the
cylinder surface as shown in Fig. 4. It is found from
distribution of eddy viscosity(Fig. 5) that high eddy
viscosity is located in the wake region behind the
cylinder. Figure 6 shows that, the drag coefficients

from the simulation without the damping function(5) are higher than the experimental ones.
However, after the wall-damping function has been employed, the drag coefficients reduce to

have better values.

5. Conclusions

Turbulent flows around a circular cylinder have been numerically studied using large
eddy simulation. The finite element method for LES has shown a possibility in prediction of a
turbulent flows. The wall-damping function can be used to improve computational results by
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Fig. 2 Mesh configuration

suppressing prohibitively high peaks of the eddy viscosity near the wall.
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Fig. 3 Streamlines at Re=10%

Fig. 4 Eddy viscosity profile along
the cylinder surface at Re=104
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Fig. 5 Eddy viscosity at Re=10*
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Fig. 6 Drag coefficient and reciprocal of
Strouhal number[8)
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