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Lattice Boltzmann Method
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Lattice Boltzmann Method

Lattice Boltzmann equation
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Numerical instability
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Modified LBM

1) The entropic lattice Boltzmann 

Method 

2) The fractional step lattice 

Boltzmann method 

3) The turbulence models lattice 

Boltzmann method 

4) The multiple-relaxation-time 

LBM (MRT-LBM) 

5) The large-eddy-simulation LBM 

(LES-LBM) 



Multiple relaxation time-LBM

( , ) ( , ) 1 ( ( , ) ( , , ))      
          (7)

( , ) ( , ) [ ( , ) ( , , )]      

eq

eq

f r e t t t f r t f r f r t LBGK Single

f r e t t t f r t f r f r t LBM MRT

    

     

  

 

        


        

Singular Relaxation time term Multiple-relaxation-time term

1

2

3

1      0       0       0      0       0      0       0       0

 0      1     0       0      0       0      0       0       0

 0        0     1     0      0       0      0       0       0

 0      









 

4

5

6

  0       0     1    0       0      0       0       0

 0        0       0       0     1    0      0       0       0

 0        0       0       0      0    1     0       0       0

 0        0       0   







7

8

9

    0      0      0     1    0       0

 0        0       0       0      0      0       0     1     0

 0        0       0       0      0      0       0       0    1  







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3 ( e ) 0.5          (6)UL R x   



Large-eddy-simulation LBM
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Numerical results (low Re)

Re=1000 Re=100Re=1000Re=1000

Position This paper Ref.[] Ref.[] Ref.[]

Left secondary 
Vortex

X=0.081148 X=0.0815 X=0.0859 X=0.0857

Y=0.075355 Y=0.076 Y=0.0781 Y=0.0714

Right secondary 
Vortex

X=0.864711 X=0.865 X=0.8594 X=0.8643

Y=0.113206 Y=0.1125 Y=0.1094 Y=0.1071

Primary 
Vortex

X=0.532912 X=0.5325 X=0.5313 X=0.5286

Y=0.566457 Y=0.566 Y=0.5625 Y=0.5643

Position This paper Ref.[] Ref.[]

Left Primary 
Vortex

X=0.160056 X=0.161 X=0.160

Y=0.449111 Y=0.442 Y=0.450

Right Primary 
Vortex

X=0.839944 X=0.845 X=0.840

Y=0.550889 Y=0.559 Y=0.550

Top Primary 
Vortex

X=0.550889 X=0.559 X=0.550

Y=0.839944 Y=0.845 Y=0.840

Down Primary 
Vortex

X=0.449111 X=0.442 X=0.450

Y=0.160056 Y=0.161 Y=0.160



Numerical results (high Re)

Re=20000 Re=100000Re=50000

Re=500000 Re=1000000



Numerical results (high Re)

Re=20000 Re=100000Re=50000

Re=500000 Re=1000000



Numerical results (high Re)

Re=20000 Re=100000Re=50000

Re=500000 Re=1000000



Numerical results (high Re)

(1) 3Dexperiment (Martinuzzi and Tropea)

(3) 2D prediction in my application

(2) 3D CFD result (Rodi)



Numerical results (high Re)

(1) Iteration time step=13500 (2) Iteration time step=14500

(3) Iteration time step=15500 (4) Iteration time step=16500

(5) Iteration time step=17500 (7) Iteration time step=18500

(8) Iteration time step=19000

𝑆𝑡 =
𝑓𝐿

𝑈
= 0.178

𝑅𝑒 = 4000



Conclusions and Further Plan

Conclusions Further Plan

1. The Multiple-relaxation-time

LBM model is capable of improving

the numerical stability of the flow

inside a cavity

2. The Large-eddy-time LBM model

works well when dealing with the

flow over a hump

1. 3D applications

2. Passive and active flow control




