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Assessment of LES Codes for Predicting Local Wind System over Complex Terrain
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Abstract

In order to develop an overall efficient and accurate model of simulating an unsteady three-dimensional airflow
over complex terrain with characteristic length scales of the order of kilometers, we have been examining the
large-eddy simulation (LES) technique using a finite-difference method (FDM). The LES codes are based on two
grid systems and corresponding variable arrangement: one is an orthogonal staggered grid; the other is a generalized
curvilinear collocated grid. Using these codes, we calculated the non-stratified airflow over complex terrain in a
horizontal region of 9.5km X 5km with relatively fine spatial resolution (Ax=Ay=50m). Both codes remarkably
removed the numerical difficulties such as the convergence of the successive over relaxation (SOR) method in
solving the pressure Poisson equation, resulting in the numerical results with much higher accuracy. Despite the
differences in the grid system and in the variable arrangement, no significant differences in the flow pattern between
the both numerical results were found, and overall characteristic phenomena such as the wind speed-up were
successfully simulated.
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(a) Staggered grid (b) Collocated grid
Fig.2 Variable arrangement
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Code II

Coordinate system

Orthogonal coordinate

Generalized curvilinear
coordinate

Variable arrangement

Staggered arrangement

Collocated arrangement

Discretization method

Finite-difference method (FDM)

Coupling algorithm

Fractional step method

Time advancement method

Euler explicit method

Poisson equation for pressure

Successive over relaxation (SOR) method

Convective terms

3rd-order upwind scheme based on an interpolation method”

(a=0.5)

Other spatial derivative terms

2nd-order central scheme

SGS model

Smagorinsky model

Wall damping function

Not used Used
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Fig.3 Computational domain (solid line)
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Fig.4 Bird’-eye view of the computational domain
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(a) Code I (orthogonal staggered grid)

West wind

(b) Code I (generalized curvilinear collocated grid)

Fig.6 Instantaneous contour lines of the streamwise velocity component (T) at z=70m
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