Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

. Institute of Physics, CAS

[E] A R T R R SRR BB B AR

Bz 2 0E EHE IR

Analyses of droplet spreading and the movement of wetting line on a solid surface

Jiao Yun-Long Liu Xiao-Jun Pang Ming-Hua Liu Kun

5| 115 & Citation: Acta Physica Sinica, 65, 016801 (2016) DOI: 10.7498/aps.65.016801

{E28 1% View online:  http://dx.doi.org/10.7498/aps.65.016801
AP 4% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/11

AT RERCL B B A S
Articles you may be interested in

OB AEAS [F) e R i _EIE IR AR AR 170130 ) 2 A5

Molecular dynamics simulation on the wetting characteristic of micro-droplet on surfaces with different free
energies

Yy 22422015, 64(21): 216801  http://dx.doi.org/10.7498/aps.64.216801

T 2 & S K R RS E IR S B R R 52 by

Thermodynamic analysis of stable wetting states and wetting transition of micro/nanoscale structured
surface

YH 24,2015, 64(17): 176801  http://dx.doi.org/10.7498/aps.64.176801

BETHIA S5 Al 2 3 0] s R 36 A ) 2 )
Effect of temperature field and different walls on the wetting angle of molten silicon
PP 22 H%.2015, 64(11): 116801  http://dx.doi.org/10.7498/aps.64.116801

THCHR T A2 7K 3 T 1) 32 8 HR 2y S LA 28 11 [ 2 - B A
Stick-slip transition of a water droplet vibrated on a superhydrophobic surface
PP 224%.2014, 63(21): 216801 http://dx.doi.org/10.7498/aps.63.216801

YRR TR Bt 25 40 2 THI R e b 7K AR ALE
The strong hydrophobic properties on nanoparticles adsorbed core surfaces
YE = 4.2012, 61(21): 216801  http://dx.doi.org/10.7498/aps.61.216801


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.016801
http://dx.doi.org/10.7498/aps.65.016801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I1
http://wulixb.iphy.ac.cn/CN/abstract/abstract65627.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65627.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65627.shtml
http://dx.doi.org/10.7498/aps.64.216801
http://wulixb.iphy.ac.cn/CN/abstract/abstract65126.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65126.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract65126.shtml
http://dx.doi.org/10.7498/aps.64.176801
http://wulixb.iphy.ac.cn/CN/abstract/abstract64356.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64356.shtml
http://dx.doi.org/10.7498/aps.64.116801
http://wulixb.iphy.ac.cn/CN/abstract/abstract61590.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61590.shtml
http://dx.doi.org/10.7498/aps.63.216801
http://wulixb.iphy.ac.cn/CN/abstract/abstract50878.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50878.shtml
http://dx.doi.org/10.7498/aps.61.216801

38 % 4R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 016801

E R EREER S HRIEMENB o

Bk xINE EAE

Xt

(BB TMb K BE 2 ST BT, AR 230009)

(20154 4 A 28 HUF; 2015 4 8 A 25 HIL R &MH )

VRO 1 [] 4A2 TT_E F) FRe AT O S5 TR MR AR o P 22 Tk 2R P e R B 0 A R S AR O AR i R
T 32 31 L, BN T TR SRR R 1B 1 AL NI I AU T VR - 4E Navier-Stokes J7 2, #3717
TR Y EAR SR 4 R A S A SR T R MRS TR, NP B A2 SR A VR0 0 BT 1 YR A 4
TR P I JEE 2 i £ e A DA L Al ek RE B I ) 3R Ab 56 2. T e 45 SR AR - VRO O JRe I e T 20 D R A
W AN B B, A R R A A R T RE L 38 LS A5 T 95 BE (0 A TG A, TR e 228 N0l R A2 KD i i 2
W AT FR IR A R 2 R 5 R e PR A o L B IR RO 55 %5 i R Ak 1) Laplace [k /1 2247 5% e

A2 N TR)AZ A A e s I AL A2 1/ 77 IR h AR

KRR A RAT O, IR, T I, AR

PACS: 68.08.Bc, 47.55.np

1 5 =

TO0 I 1 B e I R AE AT AR T v B Ak TT
DL N B 17 B ) AR Ak O R G0 Y Y R R R
V&, BRE 200 Tolk o F2 e S A e 4 i A = [
& T IR 2 Tl A= 7= By F 21 i) 4 3 ik 72
i WA R BN 15ROk BB B TSR
A 2 T 20,

TE SCHR [4—6] 29 790 7 1 3003 7 6 2R TH A
FHRE R _E IR R 2 5 K& O T4 i A 1Y
(B9 B 2 JR T, Lafuma 1 Quéré [ 28 B A M)
Fenitiz b, AR R RS R 17 EAFLERR Cassie 1
Wenzel B A 55 = FIOIRES, 2R N B &8 7
BN TOHURE R RO . S rp R K 2 Mei 25 18]
T Wenzel fll Cassie-Baxter BB HE S | —For A
ST b P 22 U422 f A AR AR ) P 422 e £ R/
59000 8 BRI — 8. Bl RS RY £
3 R S NRIVEE 2N oY € T WA S R e R i
TASRIRE RS 25 46 T R IR T R v, I A e

DOTI: 10.7498/aps.65.016801

T I BUEL 5 2ok T SR Ay, WIF 7T 4 Rk B
5B K 3R RIS S iz sh i fE B A B

Wt A X 2R T R AT T ROER N, WIE T R B
BRI P A 1 2 Al A A RS B T 0 R A A

w1 7 IR 4 A 2 DO SRRl B g 2 e
DA e BT R A 121 Avidek. i 9 5 Ao 2% % g V3 4 [l 4
R THI 40 R ) 8] - - <0 = AR B 5 T R R —
Sk BN () fu 28, ViU 4 firh e b 55 2% 11 52 7 1)
DA K $2 i 2% 1) 7% B ATLEE 2 TR 30 7 2 A (A% 0 7]
RSy R R AR A 518 D) R A R K2
ISP R IR B 190 P AR R 2 T 1 90 140 2 k28 B
TR )5 ) AT TR TE, r il de 1R
FE Ml 2 A0 () 5 5k ) SR EEVEPH DR, AR
2 1200 U 5 7 375 T BB B /K SR THT 1 A2 3 R Bh i, R B
£ 80—200 Hz X2 y0 [ N, HEfmZe th I 1 W1 2 1
[ % -FE BN AR, FH48 H 0 X A SR 3 71 A [F)
Wi 5 4 fi 25 () IR G AT N B VIR G, R T Sl b
PRAAE R A 2R AL B LI, 1B Ah 223 45 5 0

* ERKEARRAIEG (HMHES: 51375132) Al &5 AR L 2R} mUE WURMIT R 4 (k5 20120111110026) % Bl i) ¥RE.

1 A E1E#E. E-mail: liukun@hfut.edu.cn
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

016801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.016801
http://wulixb.iphy.ac.cn

38 F W)

Acta Phys. Sin.

Vol. 65, No. 1 (2016) 016801

R BN 25 R, S VR BB R A R AT
TREER. Moass P E Ses s N i F 15
B 7R ERA PR R PR SRS B L
L 2 R B RIS, R BT H T o b
TH SRR AR 7K T BE T B R A Bl R AR A RS =
JE. Oron % M @y 7 72 et VIR R H L4 &
[ =AY R AL 1220 (0, S T
TEJCHE T R 1 40 2 1) — 4 Navier-Stokes 77 F%.
Seong % 31 BIF 7t 7 V00 15 8 5 /K [ AR SR T 1 %
A, AT SR T AL 1 7 R AR R AT T
FEIRBE SIS, 256 S50 P fS i 2008 15 217 W1 fid
2R A7 B BE R R AR <1 /47 07 e . T ERREE R
J3 5 FC T Yuan £ Zhao 24 1 %68 9005 46 2 1) b
EREIT T 2GR0, 8 Se 58 Wil 5 5> +3h 77
SR, R 22 ROBEAR 23 B 7 1200 VRO 7 215 7K 3R T
() R AT IR R ANRIE.

BANE R T W0 B R 3 ) S B ST A,
H R Y0 AE [ A kT B ) R AR IR IR RGN
SHE ) 53T, TR A 4 ) i e AR B N T () AR 4
AWK A SR — . T LR, AXEE
T I R VR ST R IR B0 g AR R UE T
VESR AR IEE ELE AL T HE, 45 G A0L 25 SRR A IR
R R R f R R T DL AR
g ) R0 B g e R 7 A AR R SR R —
5E H BRI FE Al

2 BETERREN I FER

B 1 s B0 - BE A S 3 1) R
FR) T 2R T TR B R AR R, SR T O U,
[ I =5 i = 9 4 FH DA A | el 5 T A ) 2 T ok 0 4R
R8T 807 RGBT AE R VE0R )l
— MR I A vk D R e R AR K
P07 1) b R AR ROBE I8 328 KT AR R B T 1) B
FROE R WO sh R R ok 71 £, HoAW K&
% Newton Yt R S iRIZ 5h. £ X BA EAR %, [R5
& BB AE 7K 7 1) A0 R ) % 1) [ 1R AR, — 4
185 10 T R 5 1Y) Navier-Stokes 3% 22 P 77 72 1]

dp B %u  0%u
mj‘l‘PGx—M(axQ‘i‘aZQ)y (1)
dp B w 0w
8Z+PGz—M<8$2+8ZQ>, (2)

ou Ow
H w438 f 2 J7 A B E R, pre
AR E pre s sh B, p MR, G, M

G 73 REE I 2 M 2 J7 [ LRI .

Py lG
z=h(z, t) m

B i 7 A T A S S O A AN O

€T
P T R A T R A A AT ST

[

K1 s R e s s

Fig. 1. A sketch of droplet spreading process.
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Fig. 4. Flow chart of numerical calculation.
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Fig. 5. Droplet contours at different spreading time.
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Abstract

Droplet spreading behavior on a substrate is closely bound up with the wettability of the substrate, and plays a
critical role in many industrial applications, such as lubrication, painting, coating, and mineral flotation. In this paper,
a dynamical model of droplet spreading on a smooth substrate is established through a mechanical analysis. According
to the lubrication approximation theory and Navier-Stokes equation, a general nonlinear evolution equation or equations
are derived, including the momentum equation, the continuity equation, and the evolution equation of film thickness.
We adopt numerical methods to solve these equations, and also quantitatively analyze the relation among film thickness,
spreading radius, speed of wetting contact line and time in detail. The results show that the droplet spreading process is
mainly divided into two phases, namely expansion phase and contraction phase. Moreover, the spreading process is along
with mutual transformation among surface energy, kinetic energy, and different kinds of potential energies. In addition,
the final spreading radius Ry of droplet is determined by the inherent wettability of solid surface, and the “collapse
effect”, which emerges at ¢ = 0.006 s in the spreading process, is related to Laplace pressure difference of curved liquid
surface. Finally, by controlling the droplet size, we obtain the scaling law of droplet spreading radius with time, which
approximately meets R ~ /7. The scaling law is validated both experimentally and numerically. The results of this
study are expected to enhance our knowledge of the movement of wetting contact line and also provide some guidance

for the wetting theory.
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