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Direct numerical simulation of turbulent channel flow by body-centred cubic lattice Boltzmann method
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Yuichi Kunishima, Kyushu University, 744 Motooka, Nishi-ku, Fukuoka 819-0395 Japan

This research attempts to improve stability and reproducibility of lattice Boltzmann method (LBM) for turbulent
flow. Single relaxation time LBM suffers from instability as grid Reynolds number becomes large. From the point
of the discrete particle velocity set, D3Q27 which includes two sets of sub-lattice is more stable and accurate than
one sub-lattice models, D3Q15 and D3Q19. Remarking length ratio of main lattice and 1st sub-lattice, we propose
an one sub-lattice model which uses body-fitted lattice (+a/2,+a/2,+a/2) as the main lattice, and (+a,0,0) cyc.
as the 1st sub-lattice. Stability and reproducibility of the model is compared with the conventional models in

direct numerical simulation of turbulent channel flow.
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Fig. 1: Cubic crystal system: (a) primitive, (b) face—
centered, (c) body-centered; from ja.wikipedia.org
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Tab. 1: Discrete velocity set of D3Q15B

2 3 4 5 6 7 8 9

1
Cm1 0 +a/2 —a/2 +a/2 —a/2 —a/2 +a/2 —a/2 +a/2
Cm2 0 +a/2 4a/2 —a/2 —a/2 —a/2 —a/2 +a/2 +a/2

0 +a/2 4+a/2 +a/2 +a/2 —a/2 —a/2 —a/2 —a/2
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Fig. 2: Mean velocity profiles; “Spectral” is referenced
from Kim et al., 1987
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Fig. 3: Turbulence intensity profiles; “Spectral” is ref-
erenced from Kim et al., 1987
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