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A study on highly efficient numerical simulation for turbulent flow using lattice Boltzmann model
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Quasi-equilibrium Lattice Boltzmann model (QELBM) has been developed in order to get stable solution at high
Reynolds number flow simulation in recent years. Since QELBM uses only two relaxation times to stable the
calculation, the algorithm is simpler than Multi-Relaxation Time model (MRT), which is the model often used to stable
the solution, and 13 velocity model for 3-dimensional calculation, which cannot introduce in Entropic Lattice
Boltzmann model, can be used. However, the Application of QELBM for turbulence flow has not been done yet, thus
QELBM can capture the turbulence structure by using coarse mesh. In this study, we applied QELBM to isotropic
homogeneous turbulence at Reynolds number Re = 62831 in various grid resolutions, and investigated the stability,
accuracy and computational effort by comparing with LBGK model and ELBM.
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Table 1 Minimum number of grids required for obtaining stable
solution

Re LBGK ELBM QELBM
1.0x10* 64x64 32x32 32x32
50x10* 128x128 3232 64%64
1.0x10° 128x128 32x32 128x128
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Fig.1 \Morticity distribution obtained by LBGK, ELBM and QELBM in
various grid resolution (Continued).
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Fig.1 \orticity distribution obtained by LBGK, ELBM and QELBM in
various grid resolutions.
Table 2 Comparison of CPU time

Method CPU Time Ratio
ELBM 32x32 40 0.03
ELBM 64x64 29.7 0.24
QELBM 64x64 198 0.16
LBGK 128x128 1210 10
ELBM 128x128 302.3 250
QELBM 128x128 2024 167
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