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Modeling of simultaneous impact of two parallel drops on a thin liquid film
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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‘;rgz'nzmann 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.

JrSle el s 5 slotencs | Jool S pslie aslin 1 g

J> g sove Jae ) osel sy J&z polie j an oS Awglie 1 Jauer
JsSle el

Table 1 Quantitative comparison of some densities obtained from the
numerical model and Maxwell construction.
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Fig. 3 Time evolution of a droplet impact onto a thin liquid film.
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Fig. 6 Time evolution of two parallel droplets impact on a thin liquid
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Fig. 11 Stream lines snapshots.
L 1000,Ax = 2D, H* = 0.25, We = 54,Re = 1080

Pg
bz bekas glai 11 JSCo
4]

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

@ Slo C 93 mlo mhaw (95 2 ok 95 Glojen 0j3p L e
WSS (o0 B 0 S Se SS UKD s g Algn S0y
Sbise Sl Gy ;35 L (535 0 co onl gl

Sz Jow 5l Gilde (550 S 3 JILE s 4 e
gl oo M ol Sgi sl gl slao kb

o gl (daw S Jade 2als) g sse Gl L e
Al (2ol T 5l ead laz slbao ki o5l Lol 2al531 655 50

7 o )lois16 095 1395 e (yuide Suille wiiie

S

@3%2=5

Vi

vl
N

e
(b)2=15 t = 4

L.
L.

S\ﬁ/z

(©)2=5,100 t*=4

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
3 Sl gl el 10 JSo

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

wg Jlgd Joe 285 )15 aslllas 3550 (e s Al g 5l eslial L
Silotnd (Qlly Sl oz g Ol Jailn Jue sl p 45 ol o3l
el Lo 1) o8 slacey) 5 1000 (S)n 4 JBs cond b plagl >
S0 (I Sl Js (il (225 e i ISl (i
0,572 Silwand 5l Jol> b ol 0ud wal 8 gy Loas (go0gune
1y smon 2590 Jolse 56 5 ole S50 olid (55, 2 53lge 0)ba8 50 lajen

gad aMS 5 9)lge 9 g

382



Ve 9 ilee)s ZMS (yiog puw

O ilgs aSudy (yig) Jl o Sliiwml by zalo I)HU A3V (9 2 SJlge 0,13 93 Ylo jad )93 s SIlwass

(Ut o eyl 2
(muiv®) J&>  p
Sl oles 7
ol by pmaple 4
b (S Jlie i oyl K
(M17) s 255 o
ceyudel oy cere €
Szl Y
B oYL
Sl eq
piege slad by A
g laae ol ¥
ot Mol ke
B 9835
“Ea
K g
sl 1
e w
ssil e
STBTAC SR
pegeJ
siAlle 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

L5 (We =27) by g olael o > 35,0 Cor glis)] o
o)kisd LS slace &SIl o S ool SRl ey 35
QB e 7y Situel oy g 4iS il wle mlaw 4

Ll u...mlf Lg}f)ad,‘?&l.éjj o).la:é 50&:.3‘541.015 w‘)slb .
mo ol (e 59, Wooykd (Susiisy (i) b glass
ol o dad g8y alold 5l s U glas )l
o e a ol So 5l asil glae,kad adlan axis 0
Ve

Ol g 4l )5 Cdar SG dao)lad lajen 355 Sl @
ot 45 508 e S L] slaatsf 5 5 o) 55 ot 0
lialy yo g aslos (Jb plizmen 3 63550 Cr JoSi
S 0 &S YU G 4 C> gl )|

PO w)gs -6
il - ol el doles sloyidy @b
b (LA i @ by s dtar alex €

(luts™) aSes e o o5l

c

(luts™) aess 15 Sgo S pus
(lu) o,k 5 D

(Iuts™) S Ceps oy e

(Mutu) o8 gjs b f
(MUAULS?) Sl = Sl 2500 S35 Fy
(MUAUts?) sl - Sl 2Sa2 2 5508 Fy
Sy Oya8 b b e oy G
(lu) lo ol cols
a>ly gwyle
piege Glad )3 0,53 e 5 M
b sl M
5yl 59 Oh
(mulu™ts?) e p
(mu-lu™ts?) oo Les
b RS 4 bgye ey Q
s ol o 58 el R

(Iu) o3 lus R,
(W) b els 7,

g, 00 Re
ey S

o8 el T G ile iyl slagle S9 B sy

(ts) ole; ¢
(tu) o T

(W) Gl sleo T,
(IUts™) Sy gSng Sla ey Sl V
Oy W

rydxe We

s e
e CasBoe Sl x
Sl jsme

Eogee Hoe Y

(1u) o8 95 5510 cpo abols Ay
(0P ts) Ssbew ey v

7 o )loisd6 095 1395 e (urde Suille waiie



Ve 9 ilee)s ZMS (yiog puw

O ilgs aSudy (yig) Jl o Sliiwml by zalo )L A3V ($9) 12 SJlge 013 93 Ylo jod 393 3 S)Lwass

[25] 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, 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 o )lois16 095 1395 e (uide Suilfo wiise

[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 .. l5)

[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



