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Fig. 1. Molecular dynamics simulation model of droplet spreading on solid substrates, with a droplet diameter of 50 nm. Two kinds

of solid substrates were constructed, one was an absolutely smooth solid substrate A with no friction on the surface; the other was

lattice structure solid substrate B with friction, which has atomic scale roughness, single crystal Pt(110).
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Table 1.  Surface roughness of different solids, in-

teraction parameters between liquid-solid atoms

(argon in liquid state, platinum in solid state) and

corresponding equilibrium contact angles of systems.

75 Ak . RS
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i’%ﬁ *ﬁ_g/nm Elb/( Cal-mo ) ols/nln ﬁmm/(o)
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0.1346 0.294 64
B 0.039
1.6996 0.294 0
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Table 2. Parameters of gas-liquid-solid atomic in-

teraction.

FFa JEFb eq /(kcal-mol ) O /DM
N Ar 0.0343 3.3575
N Pt 0.0854 2.8925
N N 0.0740 3.3100

ORMS — \/]]\-[ Z [hn — <h>}2 (3)

SR P 7 AR J88 6 AN [+] [l 44 2 1T P R 1
LTI A, 5 Semal A5 P44 fith £k fOUL 52 5 o
JiF 3 o (A R R T AR 35 1T ) 249 7 OB ARS J2 Jir B
—H HAp, b, o0 SHRTEEE, (h) K
P BEAE, N R Rbf s SR SOWEE fl 5 2 W42
fil f 1 T35 Santiso 45 21 SR T4 7 5 AH — 2L
FERRAU SR IR 2 P A, AR A2k X I ) 2k
ARSI Al A, 7% WA i £ 5 ROV ik £13 3R BT 5K
—H

(EAHE AR, AR R BA PR T RATE
T S AR R A OE . 1) My T R Sy
THAMAR . DI IUA R AR LR 5 25 JE AU [H]
FIR 25 BEPE RO SERD L, s e rh e+ ILAKR R =
JUGHKAE R T2 K e 5 A8 S 0 P B L]
B2, 20 nm, PRIHAEAEELH 25 000 21
AL Py B O it A A, 5 R FH R A A AL
PR, TR S /N PR R X A5 R A 3. 2) SR
AN [RI 2 [ PR R TR R W5 IR i R M 2k, S T
A TCEE BN R BIBAUXS LE.

3 MRS M AR RS

SR AE [EAR B 3RTE | 5 25 4
FUnTEl 2(a) Bras. Xt sh 20l # rp i 58 e
TR , JFL T R A TR S DA YR P e
F 230 T IRR R TR, IR R
TR, SR T RS R . RS R T
RS 58 R A R S AR A 2518 0. X 58
AR AR ZR I KR S fh 2k A el Y
IR AR SCRTR F B KRR -3 1 A AU A SR R
TSR TS5 A0 Y [, e T A i i A
R

TR 7R AR B SIS FAEEE N 2(b)
JI7R. BT B AR, AR A9 G 5 e A A 98
BROEEIR BEVE B (S0 15 FE 19 €0 405 R R A E 42 i 4 Ff
S SEPE R A A S, R T e Ak 2k XY
RN ZER, ORI R R 55 iR A R
ANFRFEIRES . B UG MR [ R SRR AR
FHAZ 5 M AL I WA A Sy, 0 €8 pE 215 ] (A5
JRAEARSE A, NALTE O il . 5 M55 N Z

016801-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No.1(2024) 016801

[ B, ok A ARSI BR R PS8
MBS S PRI AR 2 6] () B et PR AR AR 4
JE . AL R A 4 KT Ak R B T A E 18 nim,
LIS AIE T 2R FH R RUASTARUL 1A 2R REA% i D) 4R A5 1L
YR EEF ARG AE.

XT LR AR I AE A A, B PIRIAS [F] 2544
FHM B SE LT A, B I RGEME— AR A]
JE R 2 75 HA RS S5 R (R KO BE 2. 4
Kl 2(c) Ftar, AT B Lk ™ g i m) =
A, FEJCEERER T A b, MR IE R ER R B IS

(GO]EBIASRGR VREys 22 e 4 1 o I PRSI N U 21
R T AR S, B AR R ZSTE L. X H
ELAEAR 7R T AR IR I R AN K T 2 R A A
DAL - R T Sl B 4. Al 3 B, il 7 2
T A, B L A4 fih £ 72 A i B RN, 980 1 AT
JCEEBERFR I A _FAHRERT, I ORIF LAl A fEE
AT St A, Josh Sl M AL BLGR. ThiAE
i B L, SIOULE Ak A BE R R R AR AL, IR 2
TR A, SRR I BT 2R ORI K
TR AR At Ay | IO o A -5 i A o A R 25

(a) SERRIHIR (0 = 0°)TEE RB R mfH/R _ (b) ERSHRAHLN (0 = 64°)TER B MR (c) WSRO0 = 64°)TEIEI R AR iR

IV LS P

M N TR
TS S -7

.
,'//
N

- W RSk
| %

2 &k A, BRI EAERIEEBIHTE 1600 ps i 20 S 50 RHXT 1L, B OE ML AR I8 10 3K e R 8 B dlg, 20 0y 4
AR B SIESR, 22 1A B R RS (a) 58 AT THVROI A 45 i 2k XA 7E U2 0 1 5 S I TSI 5 (b) 433 1
YRCTH T 2 fi £ DX IAFAE K RS A4 5 () 8 43T I VB 7 46 X D' e T 4R AL 3 1T iy 2 2 fd £ DX 000 A K T R 5 4

Fig. 2. Comparison of dynamic spreading structures of liquid droplets with different wettability on the surface B at 1600 ps, the
white fitted line was based on the droplet spherical crown theory, and the red was the real morphology of the contact line, the up-
per left corner corresponds to the equilibrium state of each system: (a) There was several molecular-layer thick precursor films in
the vicinity of advancing contact line of complete wetting droplet; (b) there was convex nanobending in the vicinity of the advan-
cing contact line of the partially wetting droplet; (¢) no convex nanobending structure appeared in the vicinity of the advancing
contact line on absolutely smooth surface A.
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Fig. 3. Contact angle changed with time during the spreading process of partial wetting droplets on the surface of solid A and B.
On an absolutely smooth A surface, the microscopic contact angle was always the same as the static contact angle (64°) and did not
change with time. On the surface of single crystal B, both the macro contact angle and the micro contact angle change with time,

and the micro contact angle was larger than the macro contact angle, and the contact angles were similar to equilibrium angle when
the equilibrium was reached.
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Fig. 4. Droplet contact line particles movement mode at different velocities on the surface of solid B, the droplet body particles are

140 ps 160 ps 240 ps

marked in blue, the liquid molecules in the contact line area are marked in red, the solids are marked in brown, and the nitrogen
molecules are marked in pink: (a) Spontaneous spreading droplet with an average contact line moving speed of 0.007 nm/ps from
time ¢, to time (#+7320) ps; (b) average contact line moving speed is 0.03 nm/ps from time t0 to time (#+1660) ps; (c) average
contact line moving speed is 0.21 nm/ps from time ¢ to time (#+240) ps. The liquid sliding and rolling modes at the advancing
contact line coexist, and tend to be the rolling mode as the speed increases. As the speed increases, air entrainment at the bottom of

the contact line causes slippage.
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Fig. 5. (a) When the average contact line moving speed is 0.007 nm/ps, the variance of the distribution of atoms marked in red at

the contact line is 34.72%; (b) when the average contact line moving speed is 0.03 nm/ps, the variance of the distribution of atoms

marked in red at the contact line is 15.21%.
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Abstract

Thin liquid film near the gas-liquid-solid three phase contact line is the core area of oil and gas production,
phase-change heat transfer, and material synthesis systems. Although there are many experimental studies on
fluid dynamics in the contact line region, the prediction of contact angle is still difficult, and the bottleneck lies
in the special structure of thin liquid film in the contact line region. Because the microstructure of thin liquid
film is not well understood, the prediction of dynamic contact angle is always controversial. At present, the
main controversial points focus on whether the microscopic contact angle changes with speed, and whether the
microscopic contact angle is the same as the macroscopic contact angle. Therefore, it is crucial to monitor the
dynamic process of the microscopic contact angle in the thin liquid film region of the contact line. In this work,
the wetting system of 50 nm liquid droplets on different solid surfaces is constructed by molecular dynamics
simulation, and the structure and migration mechanism of thin liquid film are studied. The structure of the
precursor liquid film in the completely wetting droplet advancing contact line region and the nanoscale convex
structure in the partially wetting droplet advancing contact line region are obtained. The precursor liquid film
is 2-3 molecular layers in thickness, leading the droplet to move forward. However, there is no precursor liquid
film in a partially wetting system, and the convex nano-bending larger than 10 nm is formed in the wetting
process, resulting in the microscopic contact angle. By comparing the difference between the absolute smooth
surface dynamic wetting process and the actual solid surface dynamic wetting process, the dynamic evolution
law of the micro contact angle and the macro contact angle with time are obtained for the first time in the
simulation. The liquid molecules in the contact line region are tracked and statistically analyzed by means of
particle tracer. It is revealed that the liquid molecules in thin liquid film change from sliding mode to rolling
mode with speed increasing under the action of solid surface friction, and then the air entrainment at the
bottom of the contact line leads to slip and sputtering. The research results are expected to provide theoretical
guidance for the following three directions: 1) improving heat transfer efficiency of micro and nano device based
on wettability control; 2) improving the imbibition displacement efficiency of shale oil micro-nano matrix based

on wettability regulation; 3) constructing universal contact angle prediction model.
Keywords: contact line, thin liquid film, wetting, interface, molecular simulation
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