% 29 BIBIERIENZE L VRO L
HERS

LES RAZEREBERD=HDIBFRILYT EDEA

Introduction of lattice Boltzmann method
for the application of artificially generated inflow turbulence in LES
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In this study, a plane boundary-layer flow was analyzed using a lattice Boltzmann method (LBM)-based large-eddy
simulation (LES), which implicitly satisfies the governing equations of fluid flow (continuity and momentum equations),
combined with an artificially generated inflow turbulence, and the flow characteristics at the inflow boundary and those
in the downstream region were quantitatively investigated. The results showed that (1) the artificially generated inflow
turbulence could perfectly reproduce the targeted velocity and turbulence statistics at the inflow boundary, and (2) the
attenuation of the turbulent kinetic energy near the inflow boundary became significantly small compared with that

observed in the analysis of a finite difference method (FDM)-based LES.
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Fig.1 Computational domains

Tablel Computational models for the Target analysis

Case Target Targetsine
Computational H (X1) x 0.5H (x2) H (X1) x 0.5H (x2)
domain x H (x3) X H (x3)
. 100 (1) % 50 (x2) 100 (1) % 50 (x2)
Grid points x 100 (x3) x 150 (x3)

H: Height of the computational domain
Copyright © 2015 by JSFM



% 29 BIBIERIENZE L VRO L

EBEES
Table2 Computational models for the CDR analysis
Case CDRR1 | CDR-R1fe CDR-R2 | CDR-R2re
Computational domain 2H (x1) X 0.5H (x2) X H (3) 2H (x1) X 0.5H (x2) X H (x3)
Grid points 200 (x1) X 50 (x2) X 100 (x3) | 200 (x1) X 50 (x2) X 150 (xs) | 200 (x2) x50 (x2) X100 (x3) | 200 (x1) X 50 (x2) x 150 (x)
Reynolds stress —(00j —pUit})

H: Height of the computational domain

Table3 Numerical conditions for the target analysis

Reynolds number 10,000
(=UH/v) U : Mean velocity at the upper boundary
Equivalent to 2nd-order central difference

Spatial scheme
P scheme

Equivalent to 2nd-order explicit method

Time integration

SGS model Standard Smagorinsky model (Cs =0.10)
Driving force Shear-driven
Inflow boundary Periodic condition
Outflow boundary Periodic condition
Lateral boundary Periodic condition
Upper boundary Slip-wall condition
Ground surface No-slip condition (Bounce-back condition)
boundary
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Fig.2 Comparisons of the vertical profiles of the streamwise velocity
and turbulent kinetic energy between Target and CDR-R1
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Fig.4 Comparisons of the vertical profiles of the streamwise velocity
and turbulent kinetic energy between Target and CDR-R1fine

Table4 Numerical conditions for the CDR analysis

Reynolds number 10,000
(=UH/v) U : Mean velocity at the upper boundary
Equivalent to 2nd-order central difference

Spatial scheme
P scheme

Time integration Equivalent to 2nd-order explicit method

SGS model Standard Smagorinsky model (Cs =0.10)
Driving force Shear-driven

Inflow boundary Artificially generated inflow turbulence
Outflow boundary Zero-gradient condition

Lateral boundary Periodic condition

Upper boundary Slip-wall condition

Ground surface No-slip condition (Bounce-back condition)
boundary
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Fig.3  Comparisons of the vertical profiles of the streamwise velocity
and turbulent kinetic energy between Target and CDR-R2
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Fig.5 Comparisons of the vertical profiles of the streamwise velocity
and turbulent kinetic energy between Target and CDR-R2fine
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Fig.8 \ertical profiles of the downstream flow properties in the
case of CDR-R1ine
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Table5 Attenuation rate and error rate in the CDR analysis

Case Attenuation rate Error rate
(0.4 <x/H<0.6) (0.0<x/H<10)
CDR-R1 11.8% 19.8%
CDR-R2 11.2% 17.3%
CDR-R1fne 4.2% 12.5%
CDR-R2fine 3.3% 11.3%
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Fig.7 \ertical profiles of the downstream flow properties in the
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Fig.9 \ertical profiles of the downstream flow properties in the
case of CDR-R2fine
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