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DNS and Analysis on the Interscale Interactions of the Turbulent Flow
past a Circular Cylinder for Large Eddy Simulation
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Abstract

Stochastic nature of subgrid-scale stress causes the predictability problem in large eddy
simulation (LES) by which the LES solution field decorrelates with field from filtered direct
numerical simulation (DNS). In order to evaluate the predictability limit in a priori sense, the
information on the interplay between resolved scale and subgrid-scale (SGS) is required. In
this study, the analysis on the inter-scale interaction is performed by applying tophat and
cutoff filters to DNS database of flow over a circular cylinder at Reynolds number of 3900.
The effect of filter shape is investigated on the interpretation of correlation between scales. A
critique is given on the use of tophat filter for SGS analysis using DNS database. It is
shown that correlations between Karman vortex and SGS kinetic energy drastically decrease
when the cutoff filter is used, which implies that the small scale universality holds even in
the presence of the large scale coherent structure.
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Table 1. Turbulence characteristics from DNS.

£ A Re/\ n [(maxn

x/D=5.0 | 0.034 | 0.069 54.8 | 0.005 0.21

x/D=7.0 | 0.017 | 0.094 | 73.2 | 0.006 | 0.25

x/D=10.0| 0.009 | 0.110 | 71.7 | 0.007 | 0.30

€ : Homogeneous dissipation rate
A : Taylor mircoscale
7 : Kolmogorov length scale

K, . : Maximum resolvable wavenumber
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Fig. 3 Grid scale kinetic energy balance at x/D=5;
I, GC; 111, GPV; 1V, GVR; V, GVD; VI, G/SR;
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