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In this research, the use of the exact difference method forcing scheme in the pseudo-potential 
multiphase model is suggested for the simulation of a droplet impact on a thin liquid film at a density 
ratio of 1000, and the effect of inertia, surface tension, and gravity forces are considered by means of 
their corresponding non-dimensional numbers (i.e. the Reynolds, Weber, and Bond numbers). For this 
reason, the Palabos open source software is modified by implementing the exact difference method in it. 
The results of our simulations in different Reynolds and Weber numbers show that the Weber number 
has a slight influence on the crown layer radius, meanwhile, the Reynolds number has a direct effect on 
the crown radius. The crown height is increased with an increase in the Reynolds and Weber numbers. 
Furthermore, the comparison between the pseudopotential model simulations and the free-energy model 
show that the crown shape is related to the surface tension; in addition to the non- dimensional numbers 
and with a noticeable increase in surface tension the crown tip becomes bigger. The influence of the 
gravity force is investigated through the Bond number. According to the results, the crown height is 
noticeably affected by the Bond number. When the Bond number decreases, the crown radius and 
height increase. Therefore, the proposed model with the potential of being used for multiphase problems 
with large density ratios while producing a low spurious current could be utilized for a wide variety of 
other multiphase problems as well. 
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Fig. 2 Laplace test for two density ratios 110 and 1000. 

2 110 1000 

. 
Fig. 3 Time evolution of the radius at the bottom of the crown 
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Fig.  4 Simulation of crown formation in different non-
dimensional times  Re = 500   We = 1000 
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Fig. 5 Time evolution of the radius at initial times for different 
Reynolds and Weber numbers 
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Fig. 6 Time evolution of the radius for different Reynolds and 
Weber numbers 
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Fig. 7 Time evolution of the height for different Reynolds and 
Weber numbers 
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Fig.  8 Comparison of crown shape at = 1: Pseudopotential 
(right) and Free-Energy (left) [18] Models 

8  = 1 : ( ) 
[18] ) 



    

    

1395163  15  

.  
Fig. 9 Time evolution of the radius for different Bond numbers 
at initial times. 
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Fig. 10 Time evolution of the radius for different Bond 
numbers 
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Fig. 11 Time evolution of height for different Bond numbers 

11  

 .
)  

 (  

6 -   
 -

 .
  

 

 .  
 

 .

 
 

  .

 
 

 
  .

 
 

 .
 



    

    

  

16  1395163  

 .
 - 

 

 

7 -   
  
  
  
  
  

 
  
  
  
  
 
  

 
  

  

8 -   
[1] A. M. Worthington, A Study of Splashes, pp. 102-134, Green, 

London, 1908. 
[2] M. Pasandideh-Fard, S. Chandra, J. Mostaghimi, A three-

dimensional model of droplet impact and solidification, 
International journal of Heat and Mass Transfer, Vol. 45, No. 11, 
pp. 22-29, 2002. 

[3] G. E. Cossali, M. Marengo, A. Coghe, S. Zhdanov, The role of 
time in single drop splash on Thin Film, Experiments in Fluids, 
Vol. 36, No. 6, pp. 80-88,  2004.  

[4] S. Jafari, M.R. Ansari, N. Samkhaniani, Contact angle comparison 
of droplet impact on solid surface using VOF, Modares 
Mechanical Engineering, Vol. 15, No. 3, pp. 84-94, 2015.(in 
Persian ) 

[5] A. Prosperetti, H. N. Oguz, The impact of drops on liquid surfaces 
and the under-water noise of rain, Annual Review Fluid Mechanics, 
Vol.25, No. 1, pp.577–602, 1993. 

[6] A.L. Yarin, D.A. Weiss, Impact of drops on solid surface: 
selfsimilar capillary waves and splashing as a new type of 
kinematic discontinuity, Journal of Fluid Mechanics, Vol.283, No. 
1, pp.141–173, 1995. 

[7] M. Rieber, A. Frohn, A numerical study on the mechanism of 
splashing, International Journal of Heat Fluid Flow, Vol.20, No. 5, 

pp.455–461, 1999. 
[8]  I.V.  Roisman,  C.  Tropea,  Impact  of  a  drop  onto  a  wetted  wall:  

description of crown formation and propagation, Journal of Fluid 
Mechanics, Vol.472, No. 1, pp.373–397, 2002.  

[9] C. Josserand, S. Zaleski, Droplet splashing on a thin liquid film, 
Physics of Fluids, Vol.15, No. 1, pp.1650–1657, 2003.  

[10] R.D. Deegan, P. Brunet, J. Eggers, Complexities of splashing, 
School of Mathematics, pp. 45-96, University of Bristol, Bristol, 
United Kingdom, 2007.  

[11] R. Guy, G. McNamara, G. Zanetti, Use of the Boltzmann equation 
to simulate lattice-gas automata, Physical Review, Vol. 61, No. 20, 
pp. 2332–2335, 1988.  

[12] X. Shan, H. Chen, Lattice Boltzmann model for simulating flows 
with multiple phases and components, Physical Review E, Vol. 47, 
No. 3, pp. 1815-1819, 1993.  

[13] P. Yuan, L. Schaefer, Equations of state in a lattice Boltzmann 
model, Physics Fluids, Vol. 4, No.18, pp. 042101, 2006. 

[14] A. L. Kupershtokh, D. A. Medvedev, D. I. Karpov, On equations 
of state in a lattice Boltzmann method, Computers and 
Mathematics with Application, Vol.58, No. 5, pp. 965–974, 2009. 

[15] Chen, L., Kang, Q., Mu, Y., He, Y.,  Tao, W., A critical review of 
the pseudo-potential multiphase lattice Boltzmann model: methods 
and applications, International Journal of Heat and Mass Transfer, 
Vol. 76, No. 1, pp. 210–236, 2014.  

[16]T. Lee, C. L. Lin, A stable discretization of the lattice Boltzmann 
equation for simulation of incompressible two-phase flows at high 
density ratio, Journal of Computing Physics, Vol. 201, No. 1, 
pp.16-47, 2005. 

[17]S. Asadi, M. Passandideh-Fard, A computational study on droplet 
impingement onto a thin liquid film, The Arabian Journal for 
Science and Engineering, Vol.34, No.2B, pp. 78-91, 2009. 

[18] J.H. Guo, X.Y. Wang, Simulation of the two phase flow of 
impingement onto a liquid film by the lattice Boltzmann method, 
Vol. 24, No. 2, pp.292-297, 2012. 

[19]C. Ming, L. Jing, Lattice Boltzmann simulation of a drop impact on 
a moving wall with a liquid film, Computers and Mathematics with 
Applications, Vol. 67, No. 2, pp.307–317, 2014. 

[20]Q. Li, K.H. Luo,  Thermodynamic consistency of the pseudo-
potential lattice Boltzmann model for simulating liquid and vapor 
flows, Applied Thermal Engineering, Vol. 72, No. 1, pp. 56-61, 
2014. 

[21]S.M. Khatoonabadi, M. Ashrafizaadeh, Comparison and 
development of multiphase pseudo-potential model for various 
equations of state, Modares Mechanical Engineering, Vol. 15, No. 
12, pp. 376-386, 2015. (in Persian ) 

[22]J. Wu, C. Liu, N. Zhao, Dynamics of falling droplets impact on a 
liquid film: Hybrid lattice Boltzmann simulation, Colloids and 
Surfaces A: Physicochem, Engineering Aspects, Vol.472, No. 1, pp. 
92–100, 2015. 

[23] P. L. Bhatnagar, E. P. Gross, M. Krook, A model for collision 
Processes in Gases. I. Small Amplitude Processes in Charged and 
neutral one-Component systems, Physical Review, Vol. 94, No. 3, 
pp. 511-525, 1954. 

[24] J. Zou, Y. Ren, Ch. Ji, X.D. Ruan, X. Fu, Phenomena of a drop 
impact on a restricted liquid surface, Experimental Thermal and 
Fluid Science, Vol.51, No. 2, pp.332–341, 2013. 

[25]E. Sattari, M. Aghajani Delavar, E. Fattahi, K. Sedighi, 
Investigation of two bubble coalescence with large density 
differences with lattice Boltzmann method, Modares Mechanical 
Engineering, Vol. 14, No. 10, pp. 93-100, 2014. (in Persian ) 


