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In present study, the impact of single bubble on an inclined wall and its movement is
investigated by applying volume of fluid method (VOF) in OpenFOAM open source cfd package
using solver called interFoam. Both phases are incompressible and surface tension between the
two phases is estimated by CSF method. The effect of some parameters such as contact angle, wall
slope and Bond and Morton dimensionless numbers on bubble shapes and velocity are studied.
The numerical results show bubble velocity along wall increases with the increase of wall slope
angle. Three bubble regimes are recognized and introduced in this study named: sliding,
bouncing, and zigzagging based on wall slope. The bubble regime changes from sliding to
bouncing when wall slope changes from 30 to 40 degrees. In constant Morton number, increment 
of Bond number increases both velocity and amplitude of fluctuations. In addition, an increment
of Morton number in constant Bond number decreases velocity and amplitude of fluctuations.
Moreover, by increment of Morton number, the bubble motion will change from an accelerating
motion to constant velocity condition.

Keywords:
Bubble Impact
Contact Angle
VOF method
interFoam

  

1-    
             

     .        
                 
 .     -        .
              . 

          
             

     1   ]1[.  
          :  

 (  :          

1- hall-heroult

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             1 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

  

330  13941510  

   )1(   .  

)1(  Re =

           
 .  
 (  :       .  

)2(  Mo =  

             
.  

 (  :   1     .  

)3(  Bo =

   ]2[          
       .        

           1.7 × 10 <

Mo < 10 × 10   .        
       ]3[      

 ]2[        .  
   ]4[           

 .             
]5[  .  

          
 2]67[  3 ]89[ 

4]10[    ]1112[   .  
   ]13[        

            
       .  

   ]14[    ]15[     ]16[  
       5 .  

   ]17[  ]18[  ]1920[ 
 ]2122[     ]23[      6 

              
  . ]24[       
                 

           
.  

   ]25[          
   .             

             
          .   

     35          
             .  

 ]26[            .

1- Buoyancy force
2- Level Set
3- VOF
4- Front Tracking 
5- rigid wall
6- Boundary integral method

             .  
              

 .     ]27[        
       .      2  30   
      20  180       .  
             . 

    ]28[           
       .       

  1  200       100 55 25  16    
     12         

           
 .

   ]29[          
     .     0026/0  013/0 

      35  90        
              

   7       .  
 ]30[             

8   .       3/0  9/0 
        2  10      .
              

     .        
   4              

       .      
                

       .
  ]31[           

     .      5  
60       5  90       .

  5      5    
       .     

    50        .  
 ]32[             
         30  40  
 9             
   .  

            
      )  (  . 
        90    .   

             
         .    
          .  

2-    
             

7- Critical inclination angle
8- Wetting regime 
9- bouncing 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             2 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

13941510  331  

             
     ]20[.  

)4(  . = 0

)5(  + . = 0

)6(  
( )

+ . . +
= + +

          p   =
          . 

    0  1  .= 0    = 1   
              
    .         

  .           
  )CF-VOF ( .         

              
     .  

             
               

  7  8          . 
  1            

.              
          .  

)7(  = + (1 )

)8(  = + (1 )

                  
  ]34[.  

     -      
              

)CSF(1]35 [     :  

)9(   =

       .  

)10(  = . (| |)

             
    ]36[.        

      ]41:[  

)11(  = cos + sin  
     2     )   

 (          .

3-   
3-1-    

            

1- Continuum Surface Force (CSF)

1       ]33[  

2       )(     
    2 )] (41[  

    ]3[   .       
    .    

   )    3(    
         

         
         

     . d10d×3   .  
      1  .3  4 

              
    

)12(  = , =

       .       
           .   
           

      .    )1 ( 
.  

     3 
  .         

           
          

      
 .   d/20 d/70 

 .3  d/50 
    .

      . 

2- Contact line
3- oblate ellipsoidaldisk-like

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             3 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

  

332  13941510  

   
  .   

     
  .  

    .  
     

  .   
     

    
          4   

  .           
]3[     ]37[    ]38 [  ]39 [  5 

   .       CF-VOF  
            
       .        
        2    .  
   )13 (  :  

)13(  =  

              
            

          ]37-39[  
    ]3[ .  

1        
 DBoMo

(N/m)(m2/s)(mm)--  

0062/0  5-10 ×2/1  5/4  101×2/3  4-10 ×2/8  ODE

0062/06-10 ×96/3398/0  102-10 ×2  
  

  
 :    

  
 :  

 3              

  
 :    

  
 (   

 4          )OED(  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             4 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

13941510  333  

  

  

5         )CF-VOF (  
      

 2             
    Re
 ]3[-  30/55  -  

      40/53430/3  

 ]37[     70/51  510/6  
 ]38[     96/52  230/4  
 ]39[     20/53  800/3  

3-2-          
            . 
            

 .         
  .  

3-2-1-       
  

            
cm23×12   .   

  .     
        

     . mm4/3  . 
   6         

        

3-2 -2 -      
             

               
            .  

  
6            

   

    10 15 20  25       
   .      7      

 20        )177× 706    
  (         
    .  

           
 8           
     .       

    1/0 .

3-2 -3-           
     

 ]40[3 
 .]40[          
PLIC         

5558/1 11-10×53/2   

 7             

  
8        1/0    

 3            
        

   kg
m  1000  225/1  

   kg
m. s 001/0  000018/0  

   N
m 0728/0  

   m
s  81/9  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             5 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

  

334  13941510  

3-2 -4-   10     
  

              
  .  9-      9-  

   ]40[    10     30 
    .10         
  10      30     

 .  11        
]40[   .       
           

 ]40[    .  
    10     11     
     10           

        1        
                 

 2             
                

               
 3                

                  
              
        .

4-   
4-1-         

             

  
-  ]40[  

  
-     PLIC-VOF   30  ]40[  

 9      10     ]40[  

  
 10      10       

 30   CF-VOF  

  
 11      10        30 
     PLIC-VOF   ]40[    CF-

VOF  

  .            
           

      .        
         .     

               
 .           

      .       
     .       

             
            .   
              

            
      .     

             .  
           

  .        :     
            12 

         .       
             
            .

             .
        .    
        .     
            .  

             
     .         

     .       
        ) (  . 

              -
             

         .
             90 

     30     . 
           .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

13941510  335  

  

 12       ]40[

(  )30 (  
            .   

              
               
             

            -
 .             

             
           13   
        .      

                
   ]40[.  

(  )40 60 (  
           .    

             
          .   

      )    (  
    .        14 
               

   .  
(  )70 90(  

              
     .          

        .     
           

            . 
     15      .  
             

               
              
            

  .          
              

    .        
     ]42[.  

  
 (   

  
 (   10     

  
 (   20     

  
 (   30   

 13      )  30 (  

        16        
 .           
   .        

 .  

 (   40     

 (   50   

 (   60     

 14      )  30 (  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             7 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

  

336  13941510  

 (   70   

 (   80     

 (   90    ) (

 15     )  30 (

  

  
 (   

  
 ( 

 
 (   

 16           

4-2 -        
              

     -        . 
             

      .  
           

.           
   ]40[ .         
  .           

           .  
     12         

               
               .

            
       .    

             .  
            

 ]40[ .           
              

              
              

               
             .  

          )     
    (           

   ]40[ .          
     .        
 30 50       20 25  30    
    17  20    .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             8 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

13941510  337  

  
 (  20   

  
 (  25 

  
 (  30 

17            30 
    

 18         30     
    

  
 (  20 

 (  25 

 (  30 

 19            50 
    

  
 20          50     

    

    21         
              
          . 
        :     

             
             
             
            
              

             
 .            

  :  
(            20  25  
30         .  
(              

             
  .  

(              
     .  

  22           
   .  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                             9 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

  

338  13941510  

 21       ]40[  

  
 22     

4-3-           
  
            

    .   11-10 6-10 4-10 2-10 
100 .           . 
             

   60     30      . 
        23  24  .  

  
 (  11-10 ×53/2  

  
 ( 6-10 ×1

  
 (  4-10 ×1

  
 (  2-10 ×1

  
 (  100×1

23          60     
30   

 24       60     
30   

             
              
  .            

       .    60     
 25   .        

   30           
   .           

            .   
             
.

4-4 -           
  

         10     
          5558/1  
 .       .     
    30     30     .
        26  27  .  

 25             

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

13941510  339  

  

  
(  5558/1  

  
 (  10

26          30     30 

  
 27    30    30 

          .   
       .      
                

  28          ]32[ 
  .
  29   ) (       

              
                

   12[  .  
  

  

 28        

  
29          

5-  
              
    )CF-VOF(        

              
 :  

1 -       30  40     
     .  
2 -           .  
3 -          .  
4 -               

  .              
       .  
5 -             .  
6-      )CF-VOF (     

            
       .  

6 - 
[1] Alexandre Caboussat., Jacques Rappaz.,(2010) Numerical Simulation of

Bubbles under an Inclined Plane: Application to Aluminum Electrolysis.
[2]Clift R, Grace JR, Weber M. (1978) Bubbles, drops, and particles. New

York: Academic Press.
[3]Bhaga D, Weber ME.(1981) Bubbles in viscous liquids: shapes, wakes and

velocities Fluid Mech;105:61–85.
[4] Yu. B. Zudin,(1995) "Calculation of the rise velocity of large gas bubbles," J.

Eng. Phys. Thermophys., vol. 68, no. 1, pp. 10-15.
[5]G. Bozzano and M. Dente,( 2001) "Shape and terminal velocity of single

bubble motion: novel approach," Computers and Chemical Engineering
vol. 25, pp. 571–576.

[6]Ni, M.J. Abdou, M. and Komori, S.( 2003)”A variable density projection
method for interfacial flows” Num Heat Trans Part B, Vol. 44:pp.553-
574.

[7]Smoliansky, A. Haario, H. and Luukka, P.,”vortex shedding behind rising
bubble and two-bubble coalescence: numerical approach”, Appl Math
Model Vol. 29pp615-632,2005.

[8]Van Sint Annaland M, Deen NG, Kuipers JAM.( 2005) Numerical simulation
of gas bubbles behavior using three-dimensional volume of fluid
method. Chem Eng Sci 60:2999–3011.

[9]Van Sint Annaland M, Dijkhuizen W, Deen NG, Kuipers JAM.(2006)
Numerical simulation of behavior of gas bubbles using 3D front-
tracking method AIChEJ 6; 52:99–110.

[10]Bonometti T, Magnaudet J. Transition from spherical cap to toroidal
bubbles. Phys Fluids 2006;33:052102.

[11] Tsao, H.K., Koch, D.L.,(1997). Observations of high reynolds number
bubbles interacting with rigid wall. Phys. Fluids 9, 44.

[12] Sanada, T., Watanabe, M., Fukano, T.,(2005). Effects of viscosity on
coalescence of bubble upon impact with free surface. Chem. Eng. Sci.
60, 5372–5384.

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html


    

                    

  

340  13941510  

[13] Smolianski A, Haario H, Luuka P.(2008) Numerical study of dynamics of
single bubbles and bubble swarms. Appl Math Mod;32:641–59.

[14]Guerri, L., Lucca, G., and Prosperetti, A. (1981) numerical method fo
the dynamics of non-spherical cavitation bubbles InProc

[15]Blake, J.R., Taib, B.B., and Doherty, G. (1986) Transient cavities near
boundaries. Part 1. Rigid boundary.J Fluid Mech.170, 479–497.

[16]Best, J.P., and Kucera, A. (1992) numerical investigation of non-
spherical rebounding bubbles.J Fluid Mech.245, 137–154.

[17]Chahine, G.L., and Perdue, T.O. (1988) Simulation of the three-
dimensional behaviour of an unsteady large bubble near
structure.Proc. Third International Colloquium on Bubbles and Drops,
Monterey, California.

[18]Wilkerson, S.A. (1989) Boundary integral technique for explosion bubble
collapse analysis.Proc. ASME Energy-Source TechnologyConference and
Exhibition, Houston, Texas.

[19]Chahine, G.L. (1990) Numerical modelling of the dynamic behaviour of
bubbles in nonuniform flow fields.ASME on Numerical Methods for
Mutiphase Flows Toronto.

[20]Chahine, G.L (1993) Bubble interactions with vortices. InVortexFlows(S.
Green, ed.) Kluwer, Dordrecht.

[21]Harris, P.J. (1992) numerical model for determining the motion of
bubble close to fixed rigid structure in fluid.Int. J. Numer. Methods
Eng.33, 1813–1822.

[22]Harris, P.J. (1993) numerical method for predicting the motion of
bubble close to moving rigid surface.Commun. Numer. Methods Eng.9,
pp. 81–86.

[23]Blake, J.R., Boulton-Stone, J.M., and Tong, R.P. (1995) Boundary integral
methods for rising, bursting and collapsing bubbles. in Applications in
Fluid Mechanics(H. Power, ed.) Computational Mechanics Publications,
Southampton.

[24] Wang, Q.X. (1998) The Evolution of Gas Bubble Near an Inclined
Wall.Theoret.Comput.Fluid Dynamics 12:29-51

[25]Spedding, P.L. and Nguyen V. T.(1978) Bubble rise and liquid content in
horizontal and inclined tubes, Chem. Eng. Sci Vol. 33, pp. 987-994.

[26]Weber, M. E. and Alarie, A. (1986) Velocities of extended bubbles in
inclined tubes, Chem. Eng Sci. Vol. 41, pp. 2235-2240.

[27]Che, D. F., Chen, J. J. J. and Taylor, M. P.(1991) Gas Bubble Formation and
Rise Velocity Beneath Downward Facing Inclined Surface Submerged
in Liquid, Institution of Chemical Engineers pp. 25-29

[28]Chen J.J.J., Jianchao Z., Kangxing Q., Welch B.J. And Taylor, M.P. 1992)
Rise Velocity of Air Bubbles Under Slightly Inclined Plane Submerged
in Water, The Fifth Asian of Fluid Mechanics Taejon Korea, pp. 1173-
1176.

[29]Masliyah, J., Jauhari, R., Gray, (1994) Drag coef icients for air bubbles
rising along an inclined surface. Chem. Eng. Sci 49, 1905–1911

[30]Perron, A., Kiss, L.I., Poncsa´k, S. (2006). An experimental investigation of
the motion of single bubbles under slightly inclined surface.Int. J.
Multiphase Flow 32, 606–622.

[31]Maxworthy, T. (1991). Bubble rise under an inclined plate. J Fluid Mech
229, 659–674.

[32] K.M. DeBisschop, M.J. Miksis, D.M. Eckmann, (2002). Bubble rising in an
inclined channel Phys. Fluids 14 -93–106.

[33] C. W. Hirt and B. D. Nichols, (1981) Volume of luid (VOF) method for the
dynamics of free boundaries, J. Comput. Phys 39, 201.

[34] E. Berberovic N. P. Hinsberg, S. Jakirlic I. V. Roisman, and C.
Tropea,(2009) Drop impact onto liquid layer of inite thickness:
Dynamics of the cavity evolution, Physical Review E 79, 036306. 

[35] J. U. Brackbill; D. B. Kothe; C. Zemach.,(1992), Continuum Method for
ModelingSurface Tension. Journal of Computational Physics, 100, 335-
354.

[36] D. Winkler, K. Kissling, S. Schutz, A. Wer and M. Piesche,(2010)
"Numerical simulation of droplet-fiber-interactions in water/diesel
coalescence filters",American Filtration Separations Society Annual
Conference, March 22-25, San Antonio.

[37] L. Amaya-Bower, T. Lee. (2010) Single bubble rising dynamics for
moderate Reynolds number using Lattice Boltzmann Method, Computers

Fluids 39:1191–1207.33.
[38 Hua, J., Lou, J., (2007) Numerical simulation of bubble rising in viscous

liquid Journal of Computational Physics 222, 769-795 .
[39] M.R. PivelloA.S. Neto,M.M. Villar,A.M. Roma, R. Serfaty, (2012 Fully

Adaptive Front Tracking Method for the Simulation of Two Phase Flows.
[40] S. Senthil Kumar, Y. M. C. Delaur´e, D. B. Murray, B. Donnelly. Numerical

investigation of the effect of the VOF-CSF static contact angle boundary
condition on interacting with at inclined surfaces, Journal of Heat and
Fluid Flow 20

[41] Wang, Q.X. (1998) The Evolution of Gas Bubble Near an Inclined
Wall.Theoret.Comput.Fluid Dynamics 12:29-51

[42 Lunde, K., Perkins, R. J, (1997) Observations on wakes behind spheroidal
bubbles and particles,, Proc. of 1997 ASME Fluids Eng. Div. Summer
Meeting, FEDSM97-3530, CD-ROM,

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

10
.4

.8
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

09
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1394.15.10.4.8
https://mme.modares.ac.ir/article-15-1209-fa.html
http://www.tcpdf.org

