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Application of Subgrid Turbulence Model to the Finite Difference Lattice
Boltzmann Method

Ho-Keun Kang* + Soo-Whan Ahn#** - Jeong-Whan Kim*

Abstract : Two-dimensional turbulent flows past a square cylinder and cavity noise are
simulated by the finite difference lattice Boltzmann method with subgrid turbulence
model. The method, based on the standard Smagorinsky subgrid model and a
single-time relaxation lattice Boltzmann method, incorporates the advantages of
FDLBM for handling arbitrary boundaries. The results are compared with those by the
experiments carried out by Noda & Nakayama'’ and Lyn et al."® Numerical results
agree with the experimental ones. Besides, 2D computation of the cavity noise
generated by flow over a cavity at a Mach number of 0.1 and a Reynolds number based
on cavity depth of 5000 is calculated. The computation result is well presented a
understanding of the physical phenomenon of tonal noise occurred primarily by well-jet
shear layer and vortex shedding and an aeroacoustic feedback loop.

Key words : FDLBM(XH2#HE|=2E27), Turbulent flow('d#), Flow-induced noise(fr&4
%), Subgrid model(e}d=} 29)

s MY direction
£9 : equilibrium distribution function
Nomenclature G ' spatial filter function
D ' pressure
A constant in Ref.(5] 5.  Resolved-scale rate-of-strain tensor
C : Smagorinsky constant ¢ © time
¢ ! moving particle u  : velocity
Cpy ' pressure coefficient x : position
¢ ° sound speed
it velocity distribution function at i
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Greek symbols

§ : Kronecker delta

A ! the second viscosity
4 1 viscosity

. eddy viscosity

&

. fluid density

0

7,3 - Reynolds stress

¢  single relaxation time
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Table 1 Calculation conditions

Reynolds number Re=20000
Characteristic density ppy=1.0
Characteristic length L=1.0
Characteristic velocity U=0.2
Grid number 322X 186
Minimun lattice size A =0.022
Time At = 0.005
Smargorinsky number Cs =0.1
Calculation domain 51L % 31L
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Fig. 3 Time variation of Cp and Cy
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