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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, simultaneous impact of two parallel drops on a thin liquid film is investigated using the
Received 11 May 2016 lattice Boltzmann method. The purpose of this study is to investigate the effects of surface tension
Accepted 09 July 2016 (characterized by Weber number), distance between two drops, and gas kinematic viscosity on the

Available Online 06 August 2016 impact. The developed numerical model in this paper which is based on the Shan and Chen pseudo-

potential two-phase model makes it possible to access large density ratios, low viscosities, and tunable

E:m‘;rgihzmann Method values of surface tension independent of the density ratio. The model is validated by comparing the
Impact coexistence densities with those of Maxwell analytical solution, evaluating the Laplace law for a
Droplet droplet, and simulating single droplet impact on a thin liquid film. Simulation results of two drops
single component two-phase simultaneous impact show that after impact, two jets raised between the drops join each other and form

Shan and Chen a central jet. Height of this jet increases with time leading to separation of secondary droplets from its

tip. When the surface tension value is decreased, the central jet height is increased, but the size of the
separated droplets is reduced. The crown shape observed in single drop impact is also seen in
simultaneous impact of two drops. Increasing distance between two drops leads to a smaller central jet
height and an increase in the crown radius. The crown height, however, was found to be independent of
the distance. Finally, increasing gas kinematic viscosity reduces the central jet rising speed and delays
separation of secondary droplets from the jet.
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Fig. 1 Comparison of densities obtained from simulations and those of
Maxwell construction.
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Fig. 9 Effect of the distance between two drops.

= 1000,12 = 15,H" = 0.25,We = 54,Re = 1080
p"—; = 1000,% = 15,H" = 0.25,We = 54,Re = .o,k 55 - alols 569 JSi
1080
B Sledomw cr 3 3 -5-4
oS ol mle crjl ans o plis ) 5B Sileis cz ) (il 556 10 IS
b oS wimoge (Lis gl Al ged (symed jaloh, 208 (nlplly 5 sl anlle
Bist & Sl a0 g 4l alS (63 50 S 0l ey I Cr gl S
GUSE dlio b godse ol 03,5 0 T Soi 5l ayili sloolad aslam oLl
S G B e Gl L ey el ssalin BB 55 4 10(c) 5 10(a)
A yoie Aol H0 a5 Wb oo GRaliEl al) e o ce 4 eud oy (SSasl
3l asl glaoylad uds lar ploj Bigas 5 e ol YU Cep talS
2 o O g Soiletaw o) S 93 4 by e ol 0gd o0 o] S
coi) 5l 2l el yog Jaiae 5 olis a5 sl sais 00,51 10(8) S
S5l 58

ol behks g¢51-6-4

4 055 p e Sl Sl ey Jsb o 1y gl bsks 11 JSs
S JSas 5l LB ogd se oamlive a5 jelailen awd o L diged leae
S e S5 laaked s 5 lie g 41)F xSy 635
el oo a8 aigS 5l il lac ol YU laayls 5 cpl Gioloy e
G5l dgly Ohyea boe G5, g el G 4 S Y by 1
2SS (Goie adsS (o055 ) o Al by 90 cal calpln oS
Lals,5 635w co LSS 5l G e g0 Al S S LSS o ylad
g 48,8 alold mh 3l laals )3 o glas )l 2ol3l b g aiyls jea> lioxen
Db oo il 3l Loyl (s 4y el )l s

(S 5 4oxid -5
coy g ophd g0 g salol (xhw (2iS e Sb dlie ol e
&l S ek 95 2 Silye sorkaB 50 plajen 3,95 5 5 I Sleiw

381

LS sloca ly (Sl oasay 4zt 5 5 80,5 0 5k o 4 0 )bg
odd 53 pgsas 0 (655 e S gl A el Jls ye ol e e Fy
S O S SCE g Dol (pl e el 00,5 oy Gl38)
5 el )5 slacr & s (ol $97) 53570 o (53908
Gl rge dm o 5 oad byl adsl glacer plisl o3
GS loce Ceiw a5 0,5 axg Wb aSST fpes 00,5 o o e o
Sty 3l 2B ol 5l (53900 g (Bl il 50 Jali (b e )
"o @le pled 59y Lokl ud i3y s Sl (B gz 0 o5 g
Sy |y alisee g olagl pglar a5 8(e) JSi ovnlive b coles [0 0440
310p o ng d0e Sl gl gl (39 Jitne 4 Gls o0 e (o0 GLES SCS

wbise Sl pg oo Gl b (655 00 Cr g 2l eyl Ko (g5

0 kad 5&}5‘,0‘3.34.1.«0@).;13—4—4
3,550 S35 2 ok 93 STia o salols 3B pwyp & A3 Gl 5
alold yiol38l b ogd o cdmline 9 JSK& j0 a5 jshiles 098 0 aiSlo )y
S350 o i) g al¥ (b Shd) (Sudioy Gliee o)k 5 o
Wb oo Grals

- glis ) 45 sg e alisde 9(d) UK 4 dxzlye b K08 gp
oles (slp g 05 058 50 o (salols | Jie (b elis)) )5 slo

el Gl 058 55 (e Jolsd
) l A ‘_l_A

=2 (a) We =27 =4

0

=2 (b) We = 37 =4

[ )

te=2 (c) We =54 t*=4
A_LL

t*=2 (d) We =118 t*=4

t*r=2 ‘(e) t*=4

Fig. 8 Effect of the We number. 2% = 1000, H* = 0.25, z_g =15Ax =
1

Pg
2D,Re = 1080
£l = 1000, H* = 0.25,2 = 15,Ax = 2D,Re = 1080. ;i3 sos ,ili 8 S

Pg v

7 o)leisn 16 093 1395 Mo e Sl Swiuse


https://dorl.net/dor/20.1001.1.10275940.1395.16.7.42.7
https://mme.modares.ac.ir/article-15-12205-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.7.42.7 ]

Ulad 9 Sl ZUS g jan

O ilgs aud (yig) Sl o dliiwl by aalo )L A3V (59 32 SIlge 0103 93 Ylo jod 393 3 S)Lwasmis

Fig. 11 Stream lines snapshots.
L 1000,Ax = 2D, H* = 0.25, We = 54,Re = 1080

Pg
Obyz bshs jalai 11 K&
14

p_: 1000,Ax = 2D, H* = 0.25, We = 54,Re = 1080
)

@ Sle C 90 mle mhaw g5, 2 sk 95 Glejen 3y3 L e
WSS (o0 B 0 S Sy SS UKD s g Algn S0
wbige Gl Gy 535 L (555 0 ca onl gl

Sopar o 5l ) (s e S o bl s 4 e
Wgdoo M ol Sgi sl gl sleo kb

Cor gl (rb aiS e galS) g oae Gl L e
ahse (2 Gl jleads laz (glaolad ol Lol 2al33l (55 50

7 o)lein 16 )93 1395 M )3 Suille SwAdie

S

@%=5

vl
N

&
() Z=15 te=4

L.
L.

S\ﬁ/z

(e)“=5,100 t*=4

Vi

S

(c) ”v—‘j: 50 t*

(d) =100 t*

Fig. 10 Effect of gas kinematic viscosity.

L 1000,Ax = 2D, H* = 0.25, We = 54,Re = 1080

Pg
B Solerws il 506 10 JSC&
4]

,0_ =1000,Ax = 2D, H* = 0.25, We = 54,Re = 1080
g

Silotrd Gllg Sl oz g Ol Jedln Joe sl p 45 oad o3l
e s 1y o8 sleayl 51000 5 4 S i b slosl,>
Sy I cond  JRis (dan 1lS S0 mdas Sl uizes
3,95 » Silwaned 3l Jols bl icwl ouls o8])8 aws Lowws (005050
1 sz 590 Jalse 556 5 wle Sl ohd (65, 2 (55lpm 0,8 99 (layen

gad aMS 5 9)lge 39 g

382


https://dorl.net/dor/20.1001.1.10275940.1395.16.7.42.7
https://mme.modares.ac.ir/article-15-12205-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.7.42.7 ]

UlSed 9 lo )l ZUS Ghg pan

O ilgs aud (yig) Sl o Sliiml by aalo )L 43V ($59) 32 SIlge 003 93 Ylo jadd 393 3 SILwass

(*1s?) oz <)) 2
(muiv®) J&=  p
Gl oles 7
ST oley e 4
e S e oela oy K
(MUts?) oo 55 g
Ceppdelpicuys €
Szl P
b oYl
S eq
piege glad Sk A
g lade ol ¥
ons ol Juie
B g9 )
“Ea
K g
gl 1
s ow
s3Hl e
&5l s9dme
pege f
sille g
&7

[1] R. L. Vander Wal, G. M. Berger, S. D. Mozes, Droplets splashing
upon films of the same fluid of various depths, Experiments in
Fluids, Vol. 40, No. 1, pp. 33-52, 2006.

[2] G. 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. 888-900, 2004.

[3] M. Rieber, A. Frohn, A numerical study on the mechanism of
splashing, International Journal of Heat and Fluid Flow, Vol. 20,
No. 5, pp. 455-461, 1999.

[4] M. Rein, Phenomena of liquid drop impact on solid and liquid
surfaces, Fluid Dynamics Research, Vol. 12, No. 2, pp. 61, 1993.

[5] A. Yarin, Drop impact dynamics: splashing, spreading, receding,
bouncing..., Annual Review of Fluid Mechanics, Vol. 38, pp. 159-
192, 2006.

[6] A. Yarin, D. Weiss, Impact of drops on solid surfaces: self-similar
capillary waves, and splashing as a new type of kinematic
discontinuity, Journal of Fluid Mechanics, Vol. 283, pp. 141-173,
1995.

[7]1 A.-B. Wang, C.-C. Chen, Splashing impact of a single drop onto
very thin liquid films, Physics of Fluids (1994-present), Vol. 12,
No. 9, pp. 2155-2158, 2000.

[8] S. Manzello, J. Yang, An experimental study of a water droplet
impinging on a liquid surface, Experiments in Fluids, Vol. 32, No.
5, pp. 580-589, 2002.

[9] T. Okawa, T. Shiraishi, T. Mori, Production of secondary drops
during the single water drop impact onto a plane water surface,
Experiments in Fluids, Vol. 41, No. 6, pp. 965-974, 2006.

[10] C. W. Hirt, B. D. Nichols, Volume of fluid (VOF) method for
the dynamics of free boundaries, Journal of computational physics,
Vol. 39, No. 1, pp. 201-225, 1981.

[11] M. Sussman, E. Fatemi, P. Smereka, S. Osher, An improved
level set method for incompressible two-phase flows, Computers &
Fluids, Vol. 27, No. 5, pp. 663-680, 1998.

[12] M. Passandideh Fard, A computational study of droplet
impingement onto a thin liquid film, Arabian Journal for Science
and Engineering, Vol. 34, No. 2B, pp. 505-517, 2009.

[13] S. H. Lee, N. Hur, S. Kang, A numerical analysis of drop impact
on liquid film by using a level set method, Journal of Mechanical
Science and Technology, Vol. 25, No. 10, pp. 2567-2572, 2011.

383

L 5 (We = 27) Gy g slael o (2 53550 o glis)l o
o )lisd 6 LS sloca aSlle 5 WS e b a3l olej 38
QB e 7y Situel oy g 4iS il wle mlaw 4

Ll 20l8 6550 oo glis) o)l 5o o salols Liliil L e
e 5 (a3, s b T i ol 2 gl
s e 4 ol So sl asil glaeykad adlan axis 0
sl

Oyl O)ga 4l )5 Cax S deoyhad Glojen 0,95 0 il @
Sl &5 0,5 o S5 lag] sloaisS 1o 5 0,kad g0 o o
sbialy 5o g aslee (Jb plizmen 35 63550 Cr JoSi
WS 0 &S YU G 4 > gl )|

e S 4g8 -6

Sl = ool el dobes syl @b

(luts™) aScs e pon o5l

c

(lU‘tSJ) Ai.....; 9O Sgo S Cs
(1) o 5 D

(Iuts™) S ce s o e

(Mutu) o3 mjs b f
(MUAULS?) Sl = Sl 2S00 $55 Fy
(MUAULS?) sl = Sl 2Sam 2 558 Fy
GiiSeny a8 bbb e oy G
(lu) wlo ok colss
a>ly uyle
piege Glad )0 0,93 05 M
b pmsle M
S ygudgl 30c Oh
(mu-lu™s?) jLes
(mu-lu™ts?) ol Les
b S 4 bgye ey Q
e aoles o 58 el R

(10) o b lus R,
(I0) b gles 1,

s, 00 Re
POES

o8 el T G ile il slale S B sy

(ts) oy ot
(tu) s T

() Gl sleo T,
(IUts™) Sy gns Slo ey Sl V
Oy W

Ry We

s e
e CasBoe Sl x
B jsme

EOgee Hoe Y

(|U)a].b_§9_>}§|).a¢,g4l.alé Ax
(W tsh) Sleis el p

7 o)loisn 16 093 1395 PYZRIETS K VAN VH [VARETRNIY


https://dorl.net/dor/20.1001.1.10275940.1395.16.7.42.7
https://mme.modares.ac.ir/article-15-12205-en.html

[ Downloaded from mme.modares.ac.ir on 2024-04-10 ]

[ DOR: 20.1001.1.10275940.1395.16.7.42.7 ]

UlSed 9 lo )l ZUS Ghg pan

O ilgs Aud (yig) Sl o Sliiml by aalo )L 43V (59 32 SIlge 0103 93 Ylo jod 393y Sl ass

[25] P. L. Bhatnagar, E. P. Gross, M. Krook, A model for collision
processes in gases. 1. Small amplitude processes in charged and
neutral one-component systems, Physical review, Vol. 94, No. 3,
pp. 511, 1954.

[26] Z. Guo, C. Zheng, B. Shi, Discrete lattice effects on the forcing
term in the lattice Boltzmann method, Physical Review E, Vol. 65,
No. 4, pp. 046308-1-046308-6, 2002.

[27] L. Chen, Q. Kang, Y. Mu, Y.-L. He, W.-Q. Tao, A critical review
of the pseudopotential multiphase lattice Boltzmann model:
Methods and applications, International Journal of Heat and Mass
Transfer, Vol. 76, pp. 210-236, 2014.

[28] Q. Li, K. Luo, X. Li, Forcing scheme in pseudopotential lattice
Boltzmann model for multiphase flows, Physical Review E, Vol.
86, No. 1, pp. 016709, 2012.

[29] M. E. McCracken, J. Abraham, Multiple-relaxation-time lattice-
Boltzmann model for multiphase flow, Physical Review E, Vol. 71,
No. 3, pp. 036701, 2005.

[30] D. Zhang, K. Papadikis, S. Gu, Three-dimensional multi-
relaxation time lattice-Boltzmann model for the drop impact on a
dry surface at large density ratio, International Journal of
Multiphase Flow, Vol. 64, pp. 11-18, 2014.

[31] D. Zhang, K. Papadikis, S. Gu, Investigations on the droplet
impact onto a spherical surface with a high density ratio multi-
relaxation time lattice-Boltzmann model, Communications in

Computational Physics, Vol. 16, No. 04, pp. 892-912, 2014.

[32] Q. Li, K. Luo, X. Li, Lattice Boltzmann modeling of multiphase
flows at large density ratio with an improved pseudopotential
model, Physical Review E, Vol. 87, No. 5, pp. 053301, 2013.

[33] S. Mukherjee, J. Abraham, A pressure-evolution-based multi-
relaxation-time high-density-ratio two-phase lattice-Boltzmann
model, Computers & fluids, Vol. 36, No. 6, pp. 1149-1158, 2007.

[34] Q. Li, K. Luo, Achieving tunable surface tension in the
pseudopotential lattice Boltzmann modeling of multiphase flows,
Physical Review E, Vol. 88, No. 5, pp. 053307, 2013.

[35] A. Xu, T.S. Zhao, L. An, L. Shi, A three-dimensional pseudo-
potential-based lattice Boltzmann model for multiphase flows with
large density ratio and variable surface tension, International
Journal of Heat and Fluid Flow, Vol. 56, pp. 261-271, 2015.

7 ojlein 16 )93 1395 Mo )3 Suilse SwAdie

[14] Y. Guo, L. Wei, G. Liang, S. Shen, Simulation of droplet impact
on liquid film with CLSVOF, International Communications in
Heat and Mass Transfer, Vol. 53, pp. 26-33, 2014.

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

[16] X. Shan, H. Chen, Simulation of nonideal gases and liquid-gas
phase transitions by the lattice Boltzmann equation, Physical
Review E, Vol. 49, No. 4, pp. 2941, 1994.

[17] M. R. Swift, E. Orlandini, W. Osborn, J. Yeomans, Lattice
Boltzmann simulations of liquid-gas and binary fluid systems,
Physical Review E, Vol. 54, No. 5, pp. 5041, 1996.

[18] X. He, S. Chen, R. Zhang, A lattice Boltzmann scheme for
incompressible multiphase flow and its application in simulation of
Rayleigh-Taylor instability, Journal of Computational Physics,
Vol. 152, No. 2, pp. 642-663, 1999.

[19] 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 Computational Physics, Vol. 206, No. 1,
pp. 16-47, 2005.

[20] J.-h. GUO, X.-y. WANG, Simulation of the two phase flow of
droplet impingement on liquid film by the lattice boltzmann
method, Journal of Hydrodynamics, Ser. B, Vol. 24, No. 2, pp.
292-297, 2012.

[21] M. Cheng, J. Lou, A numerical study on splash of oblique drop
impact on wet walls, Computers & Fluids, Vol. 115, pp. 11-24,
2015.

[22] S.M. Khatoonabadi, M. Ashrafizaadeh, Simulation of droplet
impact on a thin liquid film using the pseudopotential multiphase
model, Modares Mechanical Engineering, Vol. 16, No. 3, pp. 8-16,
2016. (in Persian .. ls)

[23] K. Raman, R. Jaiman, T. Lee, H. Low, On the dynamics of crown
structure in simultaneous two droplets impact onto stationary and
moving liquid film, Computers & Fluids, Vol. 107, pp. 285-300,
2015.

[24] L. Li, X. Jia, Y. Liu, M. Su, Simulation of double droplets impact
on liquid film by a simplified lattice Boltzmann model, Applied
Thermal Engineering, VVol. 98, pp. 656-669, 2016.

384


https://dorl.net/dor/20.1001.1.10275940.1395.16.7.42.7
https://mme.modares.ac.ir/article-15-12205-en.html
http://www.tcpdf.org

