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 In this paper, breakup of liquid jet is simulated using smoothed particle hydrodynamics (SPH) which is 
a meshless Lagrangian numerical method. For this aim, flow governing equations are discretized based 
on SPH method. In this paper, SPHysics open source code has been utilized for numerical solutions. 
Therefore, the mentioned code has been developed by adding the surface tension effects. The proposed 
method is then validated using dam break with obstacle problem. Finally, simulation of two-
dimensional liquid jet flow is carried out and its breakup behavior considering one-phase flow is 
investigated. Length of liquid breakup in Rayleigh regime is calculated for various flow conditions such 
as different Reynolds and Weber numbers and the results are validated by an experimental correlation. 
The whole numerical solutions are accomplished for both Wendland and cubic spline kernel functions 
and Wendland kernel function gave more accurate results. The results are compared to MPS method for 
inviscid liquid as well. The accomplished modeling showed that smoothed particle hydrodynamics 
(SPH) is an efficient method for simulation of liquid jet breakup phenomena. 
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Fig. 2 Geometry of dam-break with obstacle problem 
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Fig. 3 Comparison of dam-break with obstacle flow for 0.1 to 0.6 s. a) Present work for Wendland kernel b) Cubic spline kernel c) ISPH [49] 
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Fig. 4 Jet geometry and solution domain for one-phase jet flow 
simulation in Rayleigh regime 
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Fig. 5 Up: Liquid jet flow evolution in time for uo=0.25 m/s. Breakup of liquid jet occurs in the instant t=0.78 s with L/d=28.10. Down: Fine 
resolutions of liquid jet breakup 
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Fig. 6 Variation of liquid jet breakup length with Reynolds number for 
spline and Wendland kernels in comparison to experimental correlation 

6 
 

 .
 

 . 
1200 

 .

 
 

  
Fig.  7 Variation of liquid jet breakup length with Weber number for 
spline and Wendland kernels in comparison to experimental correlation 
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Fig.  8 Comparison of SPH jet breakup lengths with MPS [16] and 
experimental results [5] 
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Table 1 Flow Characteristics and liquid jet breakup length 
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1 07.0 350 34.0 22.0 61.6 73.7 62.7 13% 1% 
2 17.0 850 01.2 54.0 83.15 64.16 51.18 14% 10% 
3 20.0 1000 78.2 64.0 22.20 02.23 78.21 7% 6% 
4 25.0 1200 34.4 80.0 17.24 10.28 22.27 11% 3% 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
34

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.34.1
https://mme.modares.ac.ir/article-15-8898-en.html


    

             )SPH(       

1395163  65  

5 -  
 )ms-2( 
  
 )m/s( 
  

Cr  
 )m( 
 )N( 
 )N( 

Fr  
 )ms-2( 
 ) m( 
  )m( 
  )m( 
 )kg( 
  

Oh  
 ) Pa( 
  
  
 ) m( 

Re  
 ) ms-1( 

We  

 

  
  
  
  
 ) kgm-1s-1( 
  
 ) kgm-3( 
  
  
  
  

 

  
  
  

cv  
  

o  
s  

vis  

6 -  
[1]  J.  Eggers,  E.  Villermaux,  Physics  of  liquid  jets,  Reports on Progress in 

Physics, Vol. 71, No. 3, pp. 1-79, 2008. 
[2] O. Rabinovych, R. Pedrak, I. W. Rangelow, H. Ruehling, M. Maniak, 

NANOJET as a chemical scalpel for accessing the internal 3D-structure of 
biological cells, Microelectronic Engineering, Vol. 73-74, No. 1, pp. 843-
846, 2004. 

[3] T. Han, J. J. Yoh, A laser based reusable microjet injector for transdermal 
drug delivery, Journal of Applied Physics, Vol. 107, No. 3, pp. 103-110, 
2010. 

[4] F. P. Ricou, D. P. Spalding, Measurements of entrainment by axisymmetrical 
turbulent jet, Journal of Fluid Mechanics., Vol. 11, No. 1, pp. 21–32, 1961. 

[5] Y. Tanasawa, S. Toyoda, On the atomization of liquid jet issuing from a 
cylindrical nozzle, Technology Reports of the Tohoku University, Vol. 19, No. 
2, pp. 135–156, 1955. 

[6] H. S. Park, N. Yamano, Y. Maruyama, K. Moriyama, Y. Yang, J. Sugimoto, 
Study on energetic fuel–coolant interaction in the coolant injection mode of 
contact, Proceeding of 6th International Conference on Nuclear 
Engineering ,San Diego, May 10–15, ICONE-6091, 1998. 

[7] R. P. Grant, S. Middleman, Newtonian jet stability, American Institute of 
Chemical Engineering Journal., Vol. 12, No. 4, pp. 669–677, 1966. 

[8] M. Saito, K. Sato, S. Imahori, Experimental study on penetration behavior of 
water jet into freon-11 and liquid nitrogen, Proceeding of 1988 National 
Heat Transfer Conference., Houston, July 24–27, pp. 173–183, 1988.. 

[9] N. Kolev, Multiphase Flow Dynamics 1 & 2, Second Edition, pp. 305-320, 
Springer, Berlin, 2002. 

[10] S. Nukiyama, Y. Tanasawa, An experiment on the atomization of liquid (3rd 
Report, On the distribution of the size of droplets), Transactions of the Japan 
Society Mechanical Engineers, Vol. 5,  No. 1,  pp. 131–135, 1939. 

[11] K. Moriyama, Y. Maruyama, H. Nakamura, A simple evaluation method of 
the molten fuel amount in a premixing region of fuel-coolant interactions, 
Journal of Nuclear Science and Technology, Vol. 39, No. 1, pp. 53–58, 2002. 

[12] K. Vierow, Development of the VESUVIUS module-molten jet breakup 
modeling and model verification, Proceeding of OECD/CSNI Specialists 
Meeting on Fuel–Coolant Interactions, Tokai, May 19–21, pp. 541–566, 
1997. 

[13] M. Herrmann, Detailed simulations of the breakup process of turbulent liquid 
jets in subsonic crossflows, Proceeding of 11th Triennial International 
Annual  Conference on Liquid Atomization and Spray Systems, Vail, 
Colorado, USA, 2009. 

[14] O. Desjardins, Detailed numerical investigation of turbulent atomization of 
liquid jets, Proceeding of 11th Triennial International Annual  Conference on 
Liquid Atomization and Spray System, Vail, Colorado, USA, 2009. 

[15] J. R. Richards, A. M. Lenho , A. N. Beris, Dynamic breakup of liquid-liquid 
jets, Physics of  Fluids, Vol. 6, No. 8, pp. 2640-2655, 1994. 

[16] K. Shibata, S. Koshizuka, Y. Oka, Numerical analysis of jet breakup 
behavior using a particle method, Journal of Nuclear Science and 
Technology, Vol. 41, No. 7, pp. 715-722, 2004. 

[17] S. Ganzenmüller, A. Nagel, S. Holtwick, W. Rosenstiel, H. Ruder, Object-
oriented sph-simulations with surface tension, High Performance Computing 
in Science and Engineering, Vol. 06, No. 1, pp. 69-82, Springer, Berlin 
Heidelberg, 2007. 

[18] T.  Takashima,  T.  Ito,  M.  Shigeta,  S.  Izawa,  Y.  Fukunishi,  Simulation  of  
liquid jet breakup process by three-dimensional incomressible SPH method, 
Proceeding of 7th International Conference on Computer Fluid Dynamics 
(ICCFD7), Big Island, Hawaii, July 9-13, 2012. 

[19] F. V. Sirotkin, J. J. Yoh, A new particle method for simulating breakup of 
liquid jets, Journal of Computational Physics, Vol. 231, No. 4, pp. 1650-
1674, 2012. 

[20] C. Hoefler, S. Braun, R. Koch, H. J. Bauer, Multiphase flow simulations 
using the meshfree smoothed particle hydrodynamics method, ICLASS 2012, 
Proceeding of 12th Triennial International Conference on Liquid Atomization 
and Spray Systems, Heidelberg, Germany, September 2-6, 2012. 

[21] C. Hoefler, R. Koch, H. J. Bauer, Development of a smoothed particle 
hydrodynamics code for the numerical predicition of primary atomization of 
fuel injecting nozzles, Proceedings of the 5th International SPHERIC 
Workshop, Manchester, UK, June 23-25, 2010. 

[22] C. Hoefler, S. Braun, R. Koch, H. J. Bauer, Modeling spray formation in gas 
turbines—A new meshless approach, Journal of Engineering for Gas 
Turbines and Power, Vol. 135, No. 1, pp. 1-8, 2013.  

[23] M. Gómez-Gesteira, A. J. C. Crespo, B. D. Rogers, R. A. Dalrymple, J. M. 
Dominguez, A. Barreiro, SPHysics - development of a free-surface fluid 
solver- Part 2: Efficiency and test cases, Computers & Geosciences, Vol. 48, 
No. 1, pp. 300-307, 2012. 

[24] R. A. Gingold, J. J. Monaghan, Smoothed particle hydrodynamics: Theory & 
application to non-spherical stars, Montly Notices of the Royal Astronomical 
Society, Vol. 181, No. 1, pp. 375-389, 1977.   

[25] R. A. Gingold, J. J. Monaghan, Kernel estimates as a basis for general 
particle methods in hydrodynamics, Journal of Computational Physics ,Vol. 
46, No. 1, pp. 429-453, 1982. 

[26] L. Libersky, A. G. Petschek, Smooth particle hydrodynamics with strength of 
materials advances in free Lagrange methods, Lecture Notes in Physics, Vol. 
395, No. 1,  pp. 248-257, 1991.  

[27] Sh. J. Cummins, M. Rudman, An SPH projection method, Journal of  
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
34

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

                            11 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.34.1
https://mme.modares.ac.ir/article-15-8898-en.html


    

             )SPH(      

  

66  1395163  

Computational Physics, Vol. 152, No. 2, pp. 584-607, 1999.  
[28] A. Colagrossi, M. Landrini, Numerical simulation of interfacial flows by 

smoothed particle hydrodynamics, Journal of Computational Physics, Vol. 
191, No. 2, pp. 448-475, 2003. 

[29] X.  Y.  Hu,  N.  A.  Adams,  A  multi-phase  SPH  method  for  macroscopic  and  
mesoscopic flows, Journal of Computational Physics, Vol. 213, No. 2, pp. 
884 -861, 2006. 

[30] X. Y. Hu, N. A. Adams, An incompressible multiphase SPH method, Journal 
of Computational Physics, Vol. 227, No. 1, pp. 264-278, 2007. 

[31] P. Omidvar, P. K. Stansby, B. D. Rogers, Wave body interaction in 2D using 
smoothed particle hydrodynamics (SPH) with variable Particle Mass, 
International Journal for Numerical Methods in Fluids, Vol. 68, No. 6, pp. 
686-705, 2012. 

[32] P. Omidvar, P. K. Stansby, B. D. Rogers, SPH for 3D floating bodies using 
variable mass particle distribution, International Journal for Numerical 
Methods in Fluids, Vol. 72, No. 4, pp. 427-452, 2013. 

[33] J. J. Monaghan, A. Rafiee, A simple SPH algorithm for multi-fluid flow with 
high density ratios, International Journal for Numerical Methods in Fluids, 
Vol. 71, No. 5, pp. 537-561, 2013. 

[34] P. Omidvar, H. Norouzi, A. Zarghami, Smoothed particle hydrodynamics for 
water wave propagation in a channel, International Journal of Modern 
Physics C, Vol. 26, No. 8, pp.1-20, 2015. 

[35] A. J. C. Crespo, Application of the smoothed particle hydrodynamics model 
SPHysics to free-surface hydrodynamics, PhD Thesis, Departamento De 
Fisica Aplicada, Universidade De Vigo, 2008. 

[36] R. Issa, Numerical assessment of the smoothed particle hydrodynamics 
gridless method for incompressible flows and its extension to turbulent flows, 
PhD Thesis, University of Manchester, UK, 2005. 

[37] J. J. Monaghan, Smoothed particle hydrodynamics, Annual review of 
astronomy and astrophysics, Vol. 30, No. 1, pp. 543-574, 1992. 

[38] A. Panizzo, Physical and numerical modelling of subaerial landside 
generated waves, PhD Thesis, Universita Degli Studi di L’Aquila, Italy, 
2004. 

[39] J. U. Brackbill, D. B. Kothe, C. Zemach, A continuum method for modelling 

surface tension, Journal of Computational Physics, Vol. 100, No. 2, pp. 335 
– 354, 1992. 

[40] J. P. Morris, Simulating surface tension with smoothed particle 
hydrodynamics, International Journal for Numerical Methods in Fluids, Vol. 
33, No. 3, pp. 333-353, 2000.  

[41] G. K. Batchelor, Introduction to fluid dynamics, Cambridge University Press, 
pp. 203-206, 1974.  

[42] J. J. Monaghan, J. C. Lattanzio, A refined particle method for astrophysical 
problems, Astronomy and Astrophysics, Vol. 149, No. 1, pp. 135-143, 1985. 

[43] H. Wendland, Piecewise  polynomial,  positive  definite  and  compactly 
supported  radial  functions  of  minimal  degree, Advances in Computational 
Mathematics, Vol. 4, No. 1, pp. 389-396, 1995. 

[44] J. J. Monaghan, A. Kos, Solitary waves on a cretan beach. Journal of 
waterway, port, coastal, and ocean engineering, Vol. 125, No. 3, pp. 145-
155, 1999. 

[45] D. B. Rogers, R. A. Dalrymple, P. K. Stansby, SPH modeling of floating 
bodies in the surf zone, Proceedings of 31th International Conference on 
Coastal Engineering, pp. 204-215, 2009. 

[46] E. Clifford, Jr. Rhoades, A fast algorithm for calculating particle interactions 
in smooth particle hydrodynamic simulations, Computer Physics 
Communications, Vol. 70, No. 3, pp. 478–482, 1992. 

[47] F. A. Rasio, Particle methods in astrophysical fluid dynamics, Y. Hiwatari et 
al (Ed.), Proceedings of the 5th International Conference on Computational 
Physics (ICCP5), Kanazawa, October 11-13, pp. 609–621, 2000. 

[48] J. J. Monaghan, On the problem of penetration in particle methods, Journal 
of Computational Physics, Vol. 82, No. 1, pp. 1-15, 1989. 

[49] G. Varnamkhasti, Simulation of density currents with SPH method, MSc 
Thesis, Department of Mechanical  Engeening, Sharif University of 
Technology, Iran, 2010. (in Persian ) 

[50] O. Ubbink, Numerical prediction of two fluid systems with sharp interfaces, 
PhD Thesis, Department of Mechanical Engineering, Imperial College of 
Science, Technology & Medicine, UK, 1997. 

[51] N. Ashgriz, Handbook of Atomization and Sprays, Theory and Applications, 
Springer, New York, 2011. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
34

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.34.1
https://mme.modares.ac.ir/article-15-8898-en.html
http://www.tcpdf.org

