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Abstract

The suitability of high-order accurate, centered and upwind-biased compact difference schemes is
evaluated for large eddy simulation of turbulent flow. Two turbulent flows are considered: turbulent channel
flow at Re = 23000 and flow over a circular cylinder at Re = 3900. The effects of numerical dissipation on the
finite differencing and aliasing errors and the subgrid-scale stress are investigated. It is shown through the
simulations that compact upwind schemes are not suitable for LES, whereas the fourth order-compact
centered scheme is a good candidate for LES provided that proper dealiasing of nonlinear terms is performed.
The classical issue on the aliasing error and the treatment of nonlinear terms is revisited with compact
difference schemes.
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Table 1 Numerical simulations of turbulent channel flow
with various discretization schemes.

Scheme | Nonlinear terms | SGS model | Results
COM4 Divergence 0 T
COM4 | Skew-symmetric 0, x .
COM4 Advective (0] .
CUDZ Divergence 0, x J
CUD3 Divergence 0, x J

o Stable; T numerically unstable; 4 flow laminarizes
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Fig. 2 Mean quantities for turbulent channel flow.
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Fig. 3 One-dimensional energy spectra at y* ~ 15 for
turbulent channel flow: (a) streamwise
wavenumber; (b) spanwise wavenumber
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Fig. 4 Ratio of the subgrid-scale dissipation to total
dissipation for turbulent channel flow
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Table 2 Flow parameters for the flow over a circular

cylinder
Data from Cp -Cop Upin
0215
.(47-49) " . "

Exp 099£0.05 088:005 o0 024201

UD7™) 1.00 0.95 0.203 -0.32

CD24® 1.00 0.93 0.207 -0.35

B-spline®® 1.04 0.94 0.210 -0.37

Runl 1.02 0.89 0.209 -0.33

Run2 1.04 0.93 0.209 -0.34

Run3 0.95 0.80 0.210 -0.27

Run 1: COM4 with SGS model; Run2: COM4 without
SGS model; Run3: CUDZ with SGS model
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Fig. 7 Separating shear layer and development of

Karman vortex street in flow over a circular
cylinder at Re = 3900. Shown are 16 contours of
instantaneous  vorticity magnitude  from
wD/U,=0.5 to 10.0
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