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Fig. 1. (color onlinr) Uniform micro-structured surface

and its geometric parameters.
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Fig. 2. (color online) Gradient micro-structured sur-

faces: (a) two-stage micro-structured surface; (b)

multi-stage micro-structured surface.
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Fig. 3. (color online) Calculation of the surface tension
of the fluid.
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Fig. 5. (color online) The dynamic wetting of droplet on the two-stage micro-structured surface. (The left

micro-structure: hy = 10 lu, a1 = 5 lu, d; = 3 lu; the right micro-structure: ho = 10 lu, az = 3 lu, d2 = 3 1u).
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Fig. 6. (color online) The dynamic wetting of droplet on the two-stage micro-structured surface. (The left

micro-structure: hy = 10 lu, a1 = 5 lu, d; = 3 lu; the right micro-structure: hgo = 10 lu, az = 3 lu, d2 = 6 1u).
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Fig. 7. (color online) The influence of pillar gaps on

AO-Ad.
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45 R RoR, B Ro ¥8 K, LMK, IX 3R WIHE & VR
T B OR, W0 F2 fih 2 1 3a 3l SE N R 2, SR T 4%
fi R e AG M AZ /S, X2 PR KR A R

(OE, (R R A TR 2 A 2R T X LR i A2 /N, AT 3
BUL /N A e

5 % i

T8 I SO A DA 1) B FE AN TR B, BT T
Tl — 050 P55 Tl 45 R AR THT LA S — b 22 5086 B2 Tl &6 )
M, K KT Boltzmann J7¥2%, Xk £ X Lo %
I b B 20 A Al e i R R AT BB AL, 487 1 4l A
i e BRI A MR T A R R, FEL R
wR:

1) 7538 3o D08 A 1) B SR AT 1 = s B i 45
MR b, M0 AL T Cassie IRZAS I, £l f i 5
I 9 T KELRES 2 4o 3 R SR 2R PRI S (H S b T
Cassie Tk 25 A1 Wenzel IR 25 #4648 1 i 8 X ), 1X—
MR RATRENE. 8 U R 58 B SRS 1) — 4

154705-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64, No. 15 (2015) 154705

Tl H R T L, Bl A o 5 RS AR P 4R 28 TR
IEEER AR,

2) WAL 2 0 Tl M 2 1T FRE N, 5 240

5 LT AR P2 5 0 RTINS, 55 20
25, BB GO, WA B B
JRRAEG, (ELHE T8 5 G BLAFXE-F 28 B L
GEEN

S

de Gennes P G 1985 Rev. Mod. Phys. 57 827

Liang Z P, Wang X D, Duan Y Y, Min Q 2012 Colloids
Surf. A 403 155

Martin C P, Blunt M O, Pauliac-Vaujour E, Stannard
A, Moriarty P, Vancea I, Thiele U 2007 Phys. Rev. Lett.
99 116103

Vancauwenberghe V, Marco P D, Brutin D 2013 Colloids
Surf. A 432 50

Pratap V, Moumen N, Subramanian R S 2008 Langmuir
24 5185

[15]
[16]

154705-7

Kakade B, Mehta R, Durge A, Kulkarni S, Pillai V 2008
Nano Lett. 8 2693

Hong X, Gao X, Jiang L 2007 J. Am. Chem. Soc. 129
147

Ichimura K, Oh S K, Nakagawa M 2000 Science 288
1624

Lu G 2014 Ph. D. Dissertation (Beijing: Tsinghua Uni-
versity) (in Chinese) [ffi#l 2014 {240 i83C (AL W
k)]

Erbil H Y, Demirel A L, Avci Y, Mert O 2003 Science
299 1377

ZuY Q, Yan, Y Y, Li, J Q, Han Z W 2010 Journal of
Bionic Engineering 7 191

Raiskinmaki P, Kopenen A, Merikoski J, Timonen J
2000 Comput. Mater. Sci 18 7

Lu G, Wang X D, Duan Y Y 2013 Colloids Surf. A 433
95

Varnik F, Gross M, Moradi N, Zikos G, Uhlmann P,
Miiller-Buschbaum P, Magerl D, Raabe D, Steinbach I,
Stamm M 2011 Journal of Physics: Condens. Matter
23 184112

Li H B, Fang H P 2012 J. Adhes. Sci. Technol. 26 1873
Wang X D, Peng X F, Wang B X 2004 Chin. J. Chem.
Eng. 12 615


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/RevModPhys.57.827
http://dx.doi.org/10.1016/j.colsurfa.2012.04.009
http://dx.doi.org/10.1016/j.colsurfa.2012.04.009
http://dx.doi.org/10.1103/PhysRevLett.99.116103
http://dx.doi.org/10.1103/PhysRevLett.99.116103
http://dx.doi.org/10.1016/j.colsurfa.2013.04.067
http://dx.doi.org/10.1016/j.colsurfa.2013.04.067
http://dx.doi.org/10.1021/la7036839
http://dx.doi.org/10.1021/la7036839
http://dx.doi.org/10.1021/nl801012r
http://dx.doi.org/10.1021/nl801012r
http://www.ncbi.nlm.nih.gov/pubmed/17243677
http://www.ncbi.nlm.nih.gov/pubmed/17243677
http://dx.doi.org/10.1126/science.288.5471.1624
http://dx.doi.org/10.1126/science.288.5471.1624
http://dx.doi.org/10.1126/science.1078365
http://dx.doi.org/10.1126/science.1078365
http://dx.doi.org/10.1016/S0927-0256(99)00095-6
http://dx.doi.org/10.1016/j.colsurfa.2013.05.004
http://dx.doi.org/10.1016/j.colsurfa.2013.05.004
http://dx.doi.org/10.1088/0953-8984/23/18/184112
http://dx.doi.org/10.1088/0953-8984/23/18/184112

) I8 % 4 Acta Phys. Sin. Vol. 64, No. 15 (2015) 154705

Spreading dynamics of liquid droplet on gradient
micro-structured surfaces”

Lin LinV"  Yuan Ru-Qiang? Zhang Xin-Xin! Wang Xiao-Dong?

1) (Department of Thermal Engineering, School of Mechanical Engineering, University of Science and Technology, Beijing 100083,
China)
2) (State Key Laboratory of Alternative Electrical Power System with Renewable Energy Sources, North China Electric Power
University, Beijing 102206, China)

( Received 13 April 2015; revised manuscript received 13 May 2015 )

Abstract

Designed microtextured surfaces have shown promising applications in tuning the wettability of a liquid droplet on
the surfaces and attracted great attention over the past decade; unfortunately, the effect of surface geometry on wetting
properties is still poorly understood. In this work, two- and multi-stage pillar microtextures are designed to construct
gradient surfaces by altering pillar width and spacing. Then, the multi-phase lattice-Boltzmann method (LBM) is used to
investigate the wetting dynamics of a liquid droplet on the gradient surface. Results show that for the two-stage gradient
surface with variable pillar spacing, the contact angle hysteresis is found to be proportional to the roughness gradient
when droplet/surface system is in the Cassie-Baxter state. However, this proportional relation is no longer correct when
the system is in the transition state between the Wenzel and Cassie-Baxter states. For the two-stage gradient surface
with variable pillar spacing, the contact angle hysteresis always increases linearly with increasing roughness gradient.
Results also show that when a larger droplet is placed on the multi-stage gradient surface, stronger droplet motion is
observed due to the smaller contact angle hysteresis. The present LBM simulations provide a guideline for the design

and manufacture of the microtextured surfaces to tune the droplet wettability and motion.

Keywords: liquid droplet, micro-structural surface, spreading, contact angle
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