




















518 it 2 4 Z ( %36%
TRAT A R, R R R 2. Chinese))

2 fiph £ 57 % A T P4 3G o AP

(3) JRCIRG 6 J3E T 8 3% 1T 5 O I L 1 587 AR IR
F » B i oK [B14R 57 foe 2 A0 3R TS B IR s 1
B J3E X T U B REAS TE R R L (H X iR O
NIRRT 3= S

5 % 3Lk (References)

[1] LeeY A.Kuo L. S,Su T W,et al. Orientation effects
of nano- particle-modified surfaces with interlaced
wettability on condensation heat transfer[]J]. Applied
Thermal Engineering ,2016,98:1054-1060.

[2] MacNer A M, Daniel S, Steen P H. Condensation on
surface energy gradient shifts drop size distribution
toward small drops[J]. Langmuir,2014,30(7) :1788-
1798.

[3] Liao & »Gu Y B,Zhu X, et al. Experimental investiga-
tion of dropwise condensation heat transfer on the
surface with a surface energy gradient[J]. Journal of
Enhanced Heat Transfer,2007,14(3) :243-256.

[4] Mancio Reis F M, Lavieille P, Miscevic M. Dropwise
condensation enhancement using a wettability gradi-
ent[ J]. Heat Transfer Engineering, 2017, 38 (3):
377-385.

[5] Chaudhury M K, Whitesides G M. How to make
water run uphill[ ] ]. Science, 1992,256(5063) :1539-
1541.

[6] Chaudhury M K, Whitesides G M. Correlation be-
tween surface free energy and surface constitution
[J]. Science,1992,255(5049) :1230-1232.

(7] £ &R %k W9 EARBRMALREEY
ALE[T]. A T 5 3R, 2007,58(9) :2313-2320. (WANG
Hong, LIAO & iang, ZHU Xun. Mechanism of liquid
droplet movement on surface with gradient surface
energy [J]. Journal of Chemical Industry and Engi-
neering ( China) , 2007, 58 (9): 2313-2320. (in Chi-
nese))

[8] Daniel S,Chaudhury M K,Chen J C. Fast drop move-
ments resulting from the phase change on a gradient
surface[J]. Science,2001,291(5504) :633-636.

(9] HAAM.BFR. 2 2.5 Abkafh ksl
AL A A B AE AT AL T F 4R 2015, 66 (10)
3826-3833. (PENG Ben-li, MA Xue-hu, LAN Zhong,
et al. Steam condensation heat transfer enhancement
through droplet properties manipulation with hybrid
surfaces [ J . Journal of Chemical Industry and

Engineering( China) s 2015, 66 (10) : 3826-3833. (in

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Mook EERE.F EEM ER® LRE
B HAAALML]] Fo 5 F,2011,36(10): 16-
19. (SUI Tao, JIANG Liang, WANG Jia-dao, et al.
Numerical simulation of droplet movement on surface
with gradient wetting property[J]. Lubrication Engi-
neering ,2011,36(10) :16-19. (in Chinese))

Huang Z & » Wang H Z. VOF simulation studies on
single droplet fluid dynamic behavior in liquid-liquid
flow process[ J]. Journal of Chemical Engineering
of Japan,2018,51(1):33-48.

FRU AR FEMS, F. R E AR RS level
set-VOF i a9 S 5 #[J]. & & 5 T4 F R,
2017,31 (3):570-578. (LI Da-shu., & IU Xing-qi.
ZHENG Zhi-wei, et al. Numerical analysis of a cou-
pled level set-VOF method for the study of droplet
impact on wetted surface[J]. Journal of Chemical
Engineering of Chinese Universities, 2017,31(3):
570-578. (in Chinese))

Niu D, Tang G H. Static and dynamic behavior of wa-
ter droplet on solid surfaces with pillar-type nano-
structures from molecular dynamics simulation[ J].
International Journal of Heat and Mass Transfer,
2014,79:647-654.

Nikolopoulos N, Nikas K S, Bergeles G. A numerical
investigation of central binary collision of droplets
[J]. Computers and Fluids,2009,38(6):1191-1202.
Lee W,Son G. Numerical study of droplet impact and
coalescence in a microline patterning process [ ] ].
Computers and Fluids,2011,42(1) :26-36.

Shan X W, Chen H D. Lattice Boltzmann model for
simulating flows with multiple phases and compo-
nents[ J]. Physical Review E, 1993, 47 (3): 1815-
1819.

Gunstensen A K, Rothman D H, Zaleski S. Lattice
Boltzmann model of immiscible fluids[J]. Physical
Review A,1991,43(8) :4320-4327.

Kalarakis A N,Burganos V N, Payatakes A C. Galile-
an-invariant lattice-Boltzmann simulation of liquid-
vapor interface dynamics [ J]. Physical Review E,
2002,65(5) :056702.

Swift M R,Osborn W R, Yeomans J M. Lattice Boltz-
mann simulation of nonideal fluids[J]. Physical Re-
view Letters,1995,75(5) :830-833.
FEBRRSM.ERR.F EFHELE I MALLEZA
BE L B 52— Lattice Boltzmann ) 2 $ 2 & 5 & A
[J].L 5 3JE,2014,34(3):136-167. (XU Ai-guos,



%4 I &£.5. HEHEERELEREEOLH KA TN BT Boltzmann # 4l 519

ZHANG Guang-cai, LI Ying-jun, et al. Modeling and (4):042101.

simulation of nonequilibrium and multiphase complex [23] Kupershtokh A L, Medvedev D A, Karpov D 1. On
systems—lattice Boltzmann kinetic theory and appli- equations of state in a lattice Boltzmann method[ ] ].
cation[ J]. Progress in Physics,2014,34(3) :136-167. Computers & Mathematics with Applications,2009,
(in Chinese)) 58(5):965-974.

[21] #ZHE.K7 M, HiE 4 4845 & T2 45 B 3 Boltz- [24] Gong S, Cheng P. Numerical investigation of droplet
mann FEAF R B E[]]. A F 5 £K,2016.38(4): motion and coalescence by an improved lattice Boltz-
361-374. (XU Ai-guo,ZHANG Guang-cai, GAN Yan- mann model for phase transitions and multiphase
biao. Progress in studies on discrete Boltzmann flows[J]. Computers & Fluids,2012,53(1):93-104.
modeling of phase separation process[]J]. Mechanics [25] Sukop M C,Thorne D T J. Lattice Boltzmann Mode-
in Engineering +2016.38(4) :361-374. (in Chinese)) ling: An Introduction for Geoscientists and Engi

[22] Yuan P, Schaefer L. Equations of state in a lattice neers| M. Springer Publishing Company, Incorpora-
Boltzmann model [ J]. Physics of Fluids, 2006, 18 ted, 2007,

X

Simulation of droplet directional migration and coalescen¢e” I{

gradient wetting surfaces by lattice Boltzmann me}@@

WANG Xin, CHEN Zhen-qian” N )
(School of Energy and Environment, Southeast Univcrsity,Nanjing io /G/Lhma)

Abstract; Directional migration and coalescence of droplets on gradienffWetng surfaces were simulated
by improved lattice Boltzmann method. The accuracy and stability of 20del can be greatly improved.
And evolutional characteristics of droplet directional rnlgrauon(an}*}alescence on gradient wetting
surfaces were studied. Besides, the effect of droplet size and etfing gradient on the dynamic behavior
was analyzed. The numerical results indicated that droplet” ekrmaﬂon can be seen and dynamic contact
angle decreases when moving on gradient wetting %u{f ces."Wetting gradient has a great effect on the
droplet directional motion. Displacement of the left‘\ai\d right contact line and wetting length increase
with the increase in wetting gradient. Howevgk.\droplet size has little influence on displacement of
contact line. The wetting gradient has no [« 0\9 the width of the liquid bridge,but it has a significant

impact on the initial coalescence time df the\droplets.
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