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Numerical simulation of liquid jet breakup using smoothed particle
hydrodynamics (SPH)
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ARTICLE INFORMATION ABSTRACT

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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9- SPHysics

10- Weakly Compressibility
11- Projection Method
12- Arbitrary Lagrange-Euler

3 o)l 16 095 1395 sls ya (Hurde Suilke wiiie

LE VLl b o5y sles 5 s a8 Jls s s ol
Blo S CuSh oy Jldoo (o5 Jelye (S ol (o0 Sueal
elss 51 s il ol oo a8 JT ooyl Laylpd po S e ke |
Jbo 5ol pdy (el oy ol (elos o 087 Jlaid o 1) (So58
abass HeSHl 0 o1 Glghd 0 )5 Jds 4 b co clSs Sl gl
9 gy Aladl olnl b jgise a0l SRl g b sl ygige Gl
sl 039 4255 350 SySslser Blas 10 1 9,05 (reizeen

sl [A] Sl 5 5555 alowg & (225 by, & S CnSd Jsbo
s'ehl e gle bz @l [B] lonegs 5 oLl sl e glo k>
ous alllae yuies olyen 4 2 355 (sl [6] oSen 5 S 5 aras]
EHy SO A (60 Oyge 4 Co Cwsh LS, adlhe gl ol
ST ol azsls 1) olT zghaw 50 55 JSb pois SUles a5 muase;ls
Sl 039y (el g (0,25 Djge 4 dine) cnl o 485 planl lalllas
2t g (o9, Loy il 3l A 5 g rizeen [12-7]
95 2 oley sl 30 Slesle ol b g S pdy GGl L At
b S S S oy olSen 5 300l [13¢14] cl (oS
b g iladae Bl Lol (g (09 57l ox> Gy, 5l ealitl L ) ol
[15] ws 5" aslin )20 s

L et mle o casls [16] o))Kes 5 blas sl sla Jlo 4o
5 030,8 asllas * L o pl o, 5l esliil b s o )5 30 S 5l a5
HoeizlE aiols 5 auS oads hoSas lyhad ojlail mu3ei sl 1) 055 aulis
I Gl 3ledae 61l @ ool G2, 31 2007 Jlo o ol Se
S [18] o San 5 Lawslst 2012 Jlo ,o [17] wo S eolial
gl ol Gy el L) ks JU G 25 mle o
Siledas zs 5 eSgses 00 addlas el Sl 3% 0l 65T
e gl @ ool Gy S eliinl b L g b mlbe SO Cr cSs
e ad @ el by Jlsl gly gl pg sae 5 wisls plosl cald
Lo 6560 ol Jlo e 50 eizen [19] WS sy 21,7005
5 s bwgi dgaome Djgo 4 5 LSS sla JBs 85 Sl o
Jlo 50 ollSen 5 Jlsa [20] as 3lo 4t gl (o ol B9, b O)Sen
S gl cr 636 S5 ol 69y 2 Sl 4d 02 2013 52010 ol
pllEl o ol Gy b 1) a8 (e addss S s Sl o35 S
w2y 0l S g Gl (i 28 SSE gy 4 g sl
[22.21]

4 g mb o clSS oz el Gl iy Gladsd 4 g
590 &l @ o Ghgy 3l ealitel b agazme lew (] Sl Jsbo o
2l i o Uiy ) eoliial b ssgay ol ol g ool 428,515 aslllas
b s gl Wlie (nl g3l 5 G Sl 5 gy waeils
3 ool LB L) w23y 50 o o5l (e mle co cuSs b
3,90 1200 5| 5S>45 slazalen; dae lyp 7l (o ool o ikl S olae
09SE &S oy (nl 5o Clibe @b 25U Gizren Sl 48515 anlllan
Sl el oad (cwyp g (Db BioS cpl 3 8K 15 aalllas 00

Laminar

Volume of Fluid

Continuous Surface Force

Moving Particle Semi-implicit Method
Smoothed Particle Hydrodynamics (SPH)
Incompressible SPH

dripping

Reyleigh Regime

PRI ERE

56



Ubled 9 Ybduc gy Suxo

(SPH) Jlged <ulyd Saolindgr34d sy )l o Slaiuwl b 2olo DS §33e G b

Q r“h

Fig. 1 Definition of particle a in the neighborhood of particle b in
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6- Subroutine
7- Artificial Viscosity
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1- Diffusion Terms

2- Integral Representation
3- Particle Approximation
4- Kernel Function

5- Smoothing Length
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5- Color Function
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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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sl (%) slas (%) L/d L/d L/d u
UV ook O] RERGA ot Fr we Re ) g

%1 %13 7.62 7.73 6.61 0.22 0.34 350 0.07 1

%10 %14 1851 16.64 15.83 0.54 2.01 850 0.17 2

%6 %7 21.78 23.02 20.22 0.64 2.78 1000 0.20 3

%3 %11 27.22 28.10 24.17 0.80 434 1200 0.25 4
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