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In the present paper, solution methods for simulating compressible flows and shock wave
simulation by using Lattice Boltzmann Method(LBM) and simulation of shock wave in the bubble
with moving boundary is evaluated. The standard LBM is found to be incapable of predicting
compressible flows and confronting instabilities in high Mach number flows. But due to the effort
that has been made in recent years, new models for stable solutions of the compressible equations
are established. Modified Lax–Wendroff finite difference scheme that has stable solutions has
been used for discretizing Lattice Boltzmann equation. In this study, models based on the
compressible Euler and compressible multispeed Navier-Stokes to simulate compressible lattice
Boltzmann method have been used. The dynamics of compressible bubble busing Rayleigh-Plesset
equation have been obtained. Simulation of shock wave in the bubble with other computational
fluid dynamics methods has been carried out. However, due to the weakness of the Lattice
Boltzmann method for compressible flow, no attempt to study the physic of this phenomena has
been made with this method. The purpose of this simulation is to achieve distribution of
thermodynamic properties through the radius while collapsing and eventually forming the
Sonoluminescence phenomena that is caused by the collision of shock waves in the center of the
bubble to another one, with lattice Boltzmann method.

Keywords:
Compressible Flow
shock wave
Lattice Boltzmann
Modified Lax-Wendroff
Rayleigh-Plesset

  

1-   
    .

   
 .

   
   

  . 

  .  
  

  .
   .

  ] 1 .[



    

                 

  

384  1394155  

 ] 1[1917
 .  

  .
 

   .
]  2 [. 

 ]3 [  
 

 . 
]  4]   [5 [

 
   .

   ]  6 [
]   .7 [

]  .8 [
 

]  .10 [ 
 . 

  
  

   
  

2-   
 -–

1  
]  11 [

 
 . 

   
   

 .  
 

 
 .] 12 [ 

   
. ] 13 [

 2  .

]  .14 [
313  .

] 15 [ 
 .

1- Bhatangar-Gross-Krook 
2- weighted essentially non-oscillatory (WENO)

] 16 [3 
]  17 [] 18 [

 ]  .19 [ 
 

 
     

]  .20 [
 .

]21 [ 
] 22 [

]  .23 [
  16  

30  ]  .24 [
  . 

16   .
  

 ]   .25 [
    

] 26[
  .

   .
    .

    -
 .

– 
 

] 27 [ 4 
  

  5 
 

   .
 ]  27 [

 

2-1 -   
  

   .
 .

  1 5D Q 

 . 2 9D Q

 3 15D Q  .
  1   

  

3- Double Distribution Function
4- Total variation diminishing (TVD)
5- Flux limiting methd



    

                 

1394155  385  

 
  ) 1 (

]13: [  
)1(= ( + ) = 1, … ,5
  
)2(=

0 = 1
cos( ) = 2,3

cos( ) = 3,4,5
  
  
)3(

=

+ ( + 2) +
2 ( ) = 2,3

+ ( + 2) +
2 ( ) = 4,5

   :  

  
  
  
  
  
  
  

)4(

( = 1) =
2

 

( = 2,3) =
1

4( )

× 2
2 + ( 1) 2

2

0
2 + 1 1

2  

( = 4,5) =
1

2( ) 

× + ( 1) + 1 +

)5(= = 1
0 = 2,3,4,5

)6(=
2

1
1 2 0    .

 2 = 2 1 

1 0 2   . = 2, = 3,  
= 2   . 1 

7   .b  6 
 

 = 1.4   .

 i    .
 1 = 10, 0 = 15, 2 = 20 

]27[.  
)7(= ( + + ) = 1, … ,9

) 1)   (7 (   .
 .  

)8(

( ) =

(0,0) = 1

cos 2 , sin 2
= 2, … ,5

cos 2 +
1
4 , sin 2 +

1
4

= 6, … ,9

)9(= = 1
0 = 2, … ,9

    
  
  
  
  

( = 1) =
2

 

( = 2, … ,5) =
1

4( 1
2

2
2)

  
  

  
)10(

× 2
2 + ( 2) 2

2

0
2 + 1 + 2  

( = 6, … ,9) =
1

4( ) 

× 1
2 + ( 2) 1

2

0
2 + 1 + 2

)11(
=

+ ( + 2) +
2 ( ) = 2, … ,5

+ ( + 2) +
2 ( ) = 6, … ,9

)12(
=

1
2 = 2, … ,5

1
2 = 6, … ,9

  
2-2-   

   
 

  .
  .

2004      
]   .24 [ 

eq, ,i i ic f 
  .2  

.  
    

2    

1   ] 13[

2  16  ]13[ 



    

                 

  

386  1394155  

  
  
)13(

( , ) =

(±1,0) = 1, … ,4
(±6,0) = 5, . . ,8

2(±1, ±1) = 9, … ,12
3
2

(±1, ±1) = 13, … ,16

)14(= = 1, … ,4
0 = 5, … ,16

  
  
)15(

= [ + + ( + ) +  
+( + + ) +
( + + )  
+ ]

15 1 ] 13[.  

2-3 -   
 

  . 
 )  

  .(
     .

  
   .  

  .

   
  

1 ) 15 (]13[  
1 45 89 1213 16

00
1

96
81

160
4

15

1
2

25
121 408

86400
229 + 8

3200
89 + 222

2700

20
+ 2

1728
+ 2

320
2

270

3
36

115
799

397440
117

640
13

135

4
+ 4

115
19 + 306

397440
19 + 38

640
2 9

270

5
1

115
9

397440
9

640
1

135

000
9

40
2

45

1
2( 2)

25
2 + 29
32400

14 + 3
400

2(7 + 11)
2025

20
1

2592
1

80
7

810

0
72

115
29

298080
9

160
2

405

1
2( + 4)

115
+ 4

74520
4

160
+ 4

810

2
2

115
1

74520
1

160
1

810

0
1

46656
3

320
8

3645

 16  
 

 ( )
 (16   ]23.[

)16(

+ =
1

( ) 

+
(1 )

6

+ | |(1 | |) 2
)17(=

)18(=

)19(= |
+

+ 2 + |

)15)   (16)   (17 (18(   
   .  

1 0   .
 ] 13:[  

  
  
  
  
)20(

, = , 2 , ,  

, , +
( )

12  

× , 2 , + 2 , ,  

+
1 | |

2 ( , 2 , + , )

  
3-      

  
  .

  . 
 

 
 

  .
 

   .
 

3-1 -    
 )

  :

)21(
( , , , ) = (1,0,0,1) < 0.5
( , , , ) = (1,0,0,1) 0.5

 , = 2 × 10 3 , = 1.25 × 10 4 
= 10 = 2, = 3, = 2, = 1, = 1.4 .                     

= 0.15   
345 6   



    

                 

1394155  387  

3    

4     

  
5    

3-1 -1-  
   .

7   . 
8   . 

9     
  .

  

  
6   

7   
]28[

8   ( )
] 28 [) 2/0 

  
9  ( ) 

) 0 1/0 3/0 5/0   



    

                 

  

388  1394155  

4-   
  .

  

  . 
-

  .
 

  
   

] 4[.

4 -1-   
  

   .
  

   .
 

 .
  

 .1990 

   . 
 

 
  

 
 

  .( )  
 
  . 

 ] 4[.  

4 -2 -   

 )  (.
 . ) 22 (

   

+
3
2 = ( )

)22(4
2

+

)23(( ) = sin( )

C   .
   

  
)24(

( ) = 

( +
2

)(
( )

)

   

)25(= 3

0R h 
  

  .- 
  .

   .
 .10 

11  
 . = 2.0 × 10  

26.5 (kHz)  ] 3[ .
   

  
10 35/1 3/1   

  

11 35/1 3/1   



    

                 

1394155  389  

4 -3 -    
    .

] 3 [  . 
= 1, = 10 , = 10    

 
    .

 
 . 

 
  

  .
  

  

  .
= 4.5 × 10 26.5 (kHz) 

 . ,  = +

0.156 = + 0.19864 = 20.490474 -
 .

 121314151617 

 
   

18  12 
17  

  . 
   

 .
 

 .
– 

 
   .

  
 

  16 
17   .]6[ 

100000 

  
 

 
]6[

   
  

  
12 

) at(  

13 

) at(

14 
) at(



    

                 

  

390  1394155  

  

15 

) bt(

  

16 

) bt(

17 

) bt(

18  

156 170 190 205 at

  
    

5-  
 

 
  .

-  . 
4 -3 

   .
  .

] 3 [
 .

 ) 
 ( 

  .
 

   .
 

  .
9 16 



    

                 

1394155  391  

  . 
    

 
   . 

100000  ] 6 [
  

  
6 - 

[1] H. Frenzel, H. Schultes, “Luminescenz im ultraschallbeschickten Wasser”,
Z. Phys. Chem. vol. 27, pp. 421-424, 1934 

[2] H. Frenzel, H. Schultes, “Luminescenz im ultraschallbeschickten Wasser”,
Z. Phys. Chem. vol. 27, pp. 421-424, 1934.

[3] C. C. Wu, P. H. Roberts, “Shock-Wave Propagation in Sonoluminescing
Gas Bubble, Phys. Rev. Lett. vol. 70, pp. 3424–3427, 1993.

[4] L. Kondic, J. I. Gersten, C. Yuan, “Theoretical Studies of
Sonoluminescence Radiation: Radiative Transfer and Parametric
Dependence”, Phys. Rev. 52, pp. 4976–4990, 1995.

[5] L. Kondic, J. I. Gersten, C. Yuan, “Theoretical Studies of
Sonoluminescence Radiation: Radiative Transfer and Parametric
Dependence”, Phys. Rev 52, pp. 4976–4990, 1995.

[6] S. J. Ruuth, S. Putterman, B. Merriman, “Molecular Dynamics Simulation
of the Response of Gas to Spherical Piston: Implications for
Sonoluminescence”, Phys. Rev. E, vol. pp,66, 036310, 2002.

[7] L.L.Vegneli.Roberto. C.A, “Modelling of single bubble Soluminescence”
physics,Vol,88,pp,18,jul,2014.

[8] C.M.Christian, “ModellingLaser Generated Cavitation ,thesis,pennstate,
pp,43-76,August, 2012.

[9] M.dan, “Single Bubble Soluminescence ,thesis,pennstate, thesis Concordia
university, pp,21-64, April,2000.

[10] M.Bernard,S.Hilgenfeld, “single bubble Soluminescence”,Review of
Modern physics,Volume 74,pp,2132-2145, April,2014. 

[11] C.Z.Ji,C.Shu,and N.Zhao,A Lattice Boltzmann method-based flux solver
and its application to solve shock tube problem,Modern physics latters B,
Volume 23,number 3,pp,313-316,2009.

[12] C.Z.Ji,C.Shu,and N.Zhao,A Lattice Boltzmann method-based flux solver
and its application to solve shock tube problem,Modern physics latters B,
Volume 23,number 3,pp,313-316,2009.

[13] F. Chen, A. Xu, G. Zhang, Y. Li, “Multiple-Relaxation-Time Lattice
Boltzmann Model for Compressible Fluids”, Physics Letters A, Vol. 375,
pp. 1-8, 2129-2139, 2011.

[14] F. Alexander, S. Chen, and J.Sterling, “Lattice boltzmann
thermohydrodynamics, Phys. Rev. E, vol.47, pp.2249–2252, Apr1993. 

[15] Chen, H. Ohashi, and M. Akiyama, “Thermal lattice bhatnagar-gross-
krook model without nonlinear deviations inmacrodynamicequations,
Phys. Rev. E, vol.50, pp.2776–2783, Oct 1994. 

[16] X. He, C. S. and D. G.D. “A novel thermal model for the lattice boltzmann
method in incompressible limit, Journal of ComputationalPhysics vol.146,
no.1, pp.282–300, 1998.

[17] Z. Guo, C. Zheng, B. Shi, and T. Zhao, “Thermal lattice boltzmann equation
for low mach number flows: Decoupling model,”Phys. Rev. E vol.75,
pp.036704, Mar 2007.

[18] G. Yan, Y. Chen, and S. Hu, “Simple lattice boltzmann model for
simulating flows with shock wave, Phys. Rev. E vol.59,pp.454–459, Jan
1999.

[19] Y.Ling,Q.Liu,Q.Li,“Three- dimensional finite-defference Lattice
Boltzmann Model and its application to inviscid compressible flows with
shock waves”, Phys. Rev. E, vol.75, pp.334-376, Mar 2007.

[20] M. Watari, M. Sutahara, “Two-Dimentional thermal model of the finite-
difference lattice Boltzmann method with high spatial isotropy”, Phys.
Rev, pp.1334-1376, 67, 2003.

[21] M. Watari, M. Sutahara, “Supersonic flow simulations by three-
dimensional multispeed thermal model of the finite difference lattice
Boltzmann method”, Physica A, vol. 364, pp. 129-144, 2006.

[22] M. Watari, “Finite-Difference Lattice Boltzmann Method with Arbitary
Specific Heat Ratio Applicable to Supersonic Flow Simulation”, Physica A,
382, pp. 502-522, 2007. 

[23] F. Chen, et al, “Highly Efficient Lattice Boltzmann Model for
Compressible Fluids: Two-Dimensional Case”, Communications in
Theoretical Physics, Vol. 52, pp. 2502-2522, 2009.

[24] T. Kataoka, M. sutahara, “Lattice Boltzmann model for the compressible
Navier-Stokes equations with exible speci c-heat ratio”, Phys. Rev. 69,
035701, 2004.

[25] X. Yuan, X. Chen, Z. Cheng, “Lattice Boltzmann Simulation of Cavitating
Bubble Growth with Large Density Ratio”, Computers and Mathematics
with Applications, Accepted for Publication, pp. 23-40, 1998. 

[26] H.Yaling,L.Qing, and L.Qing, “Three-dimensional finite-difference lattice
Boltzmann model and its application to inviscid compressible flows with
shock waves”,phys.lett. pp. 1-8, 1996. 

[27] A.Nejat, V. Abdollahi, “A Dritical Study of the Copressible Lattice
Boltzmann Method for Riemann Problem, Springer. Sci Comput pp.
512-520, 2013

[28] generic framework for blockstructured Adaptive Mesh Refinement;
http://amroc.sourceforge.net/examples/euler/3d/html/box3d_c.htm,
November 2014. 


