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Fig. 1. (a) Profile of the droplet; (b) diagram of a wettability-confined track.
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Fig. 2. Diagram of contact angle monitoring points.
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Table 1. Validation of grid independence.
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Fig. 3. Comparison of simulated and experiment results (the upper part of the figure is cited from the literature [29], the scale on

the right of the figure indicates the thickness of the droplet from the simulation results).
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Fig. 4. Temporal evolution of droplet migration distance.
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Fig. 6. Evolution of droplet: (a) 3D droplet shape at ¢ = 100; (b) 3D droplet shape at ¢ = 40000; (c) profile along the z-direction;

(d) profile along the y-direction.

WA, 55 VBT AR ) TR B — J2 3B (151 6(c)
X3k A), X5 Mukhopadhyay 45 B0 525545
FAAE; R W O SR (R RN ) el
TR (¢ < 5000), ZJ5 T REEEE B 2% (5000 <
¢t < 20000), 5T AL (20000 < ¢ < 40000).
(EARE R, WHTE y 7 ) b RS RS2 3 1 B
Mk, WlE 6(d) Bz, AR 2000 oA A T
B 7K DX, A2 R A N A BRI Y 2 A P
LR [ YR BV 2R B (y = £0.8), 4k
11— B4 FLARAS.

h S R b 3 T O AR R RS SRR E, 1] 7
ST R R AR A B B T ARk, S TR AR
OB i Rt rh 2% 32 R R VR HIBLEE, KB i
JEREAL TR (16) 2o S0 (Fg) . B4 )
T (Fp,) 1A Marangoni W5 (Fyepmar), B

Fg=-V- {C (%3 + ﬂh2> vv%] , (27)

Fop=V"- [eBo (%3 + 5h2> Vh] , (28)

h2
Ehermal =V |:-ngT (7 + 6h>:| . (29)

FEAS R 2043 013 3 = 3007 i 1 42 ik 4%
TRV 2 Ml 26 b AR, 22 )RR 7(c) AR 7(d).
K 7(a) W, SIHIE ARSI B RTIERE AR LR o, TRZ )
RIRIX ¥ 3N, B ol e S 2 o~ 07 X5, H
I AR 7(d) TPRTERERREAL Fo R Fop 5 Fiiermal
BIAIEAE, 2 = F L F SRS R, =& 2
Wk I 7(a) 0] LA, 380 e IR 2
2 o, AR B AP BE: B ETE ¢ < 2500 i 2, 7]
Ja (R Bosh, MR IE 7(c) b (B ZEM) 5
RIEMAL Fo M F.,, /DT 0, B35 R 3% fih £ 1n]
JEREHN, Fperma KT 0, IS IEHE Ml 15 BT RS 50,
1B Fiperma + Fo + Feop /DT 0, BEIHILR B BCE T
FE A0 7 78 B D 7 4 32 S A7, SR S 1) 5
T#%; HORAE 2500 < ¢t < 6000 B} & 7(a) F1 o, {4
FEARAE, KR AIE 7(c) B Ferma + Fa + Feap i
1k 0, =FBFFfr, R ES . B4 SRR
Marangoniﬂﬁﬁﬁhm&ii@JT?@T, E QU RIEE A
fib £ 4k F @ FLARES; ¢ > 6000 J5, & 7(a) o B

024702-7


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

) 3B 3R Acta Phys. Sin. Vol. 72, No. 2 (2023) 024702
3
5 (a) (b)
T domain - 1 II )
4 / - - _,—:?_'_—,,.-f‘”’ 2k yldlomam
LY o
T ¢ |
,,,,, Ta 3
o 2f e N
8 . > Yer
1F 0
= Yel
of ' /
—1F
-1
9 . . . . . . . _ . . . . . . .
0 05 1.0 15 20 25 3.0 35 4.0 0 0.5 1.0 15 20 25 3.0 35 4.0
t/10* /10
2 2.5
() — Feap (d) — Feap
— F(; - FG
1L — Fiherma 1 2.0 1 — Fihermal
Fihermal+ Feap+ Fa Fihermal+ Feap+Fa
- ? 1.5F
|
2 0 2
~ P ~
R = 0.2 S Lot
7 oaf
—1F = 0
& —0.1f- 0.5 \ﬁ_‘%
0.2 T
3.0 4.0 50 6.0 \\.,__,___________
) /103 0
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0
t/103 t/103

Bl 7 Rl BE E) 922 Ak
[ EY T ENTEREASES

(a) AT AL AT IR B ER s (b) ZE AT IO BE AR ; (o) IR B MR AL MR IR = S H % (d) T iks:

Fig. 7. Temporal evolution of droplet contact lines: (a) The advancing and receding contact lines; (b) left and right contact lines;

(c) effects of capillarity, gravity and thermal Marangoni at the receding contact line; (d) effects of capillarity, gravity and thermal

Marangoni at the advancing contact line.

MG (R B sh, B 7(c) hRiREmmzkat =
TR #4355, 45 A s 6(b) FEl 6(c) AT
1, SRR RO R T A iR s, SIS
SxZ A D — 2 R, HL B (R RELE, i
L AR WIS R, UERA o RSS2 OO T4k
S5 5. A, 1B 7(a) H B IR0 AT S B R T
il Zgomain (= @ — a) FHISTRAIERZEIG K, T BT A 1)
T PR A A ~ 2 036 G &R, B 7(b) T AR, 52
T R, YR 2 A R P e Az B BT, B
T 22 A P P 422 o 2 7R T B s X T [ P s (B
Bl), BahZHENL (y = £0.8), ZIERHFFE
FL (BB AT ). VT P30 5 R T 4 o Y T g 7
BB T /), Z )5 W — B AR,

[l 8 hy g 75 2 fu f Bt sF [B) 1) A8 Ak D 8(a)
AT, R R A A0, T U B B R [ SR T R S
0,=0.9 (0 < t < 6000), Z GBI, L T1E
E. X 6, 5FHE A 0., iTLARIR, 6, AR
F O FTLA 2, IRZRIRTRS BN, 70 < ¢ < 7500 WY,
JE iR A 0, BR8N, E ¢ > 7500 J5 W]
FEARAAE X S5RGBT

& Y IR AL TT i AR XA 5l B —
L AR AR A 2 5 FEARAAE (WA 6(c)
fiiR), SRR 6, FAN AL, X b
0,5 0., TLAKEL, 7E0 < t < 4400 1, 6, > 0,
Mt = 4400 )5, 0, FEE 0, LT, TR R
SemER S, ZJaWGHE EARE iR g, XS
SO E AR Ty BN T S R X
HRERRREAR I G . BB OC T o O R, BT L2
AP Al A ) AR Al 8 4 — 3K, SO G
Ze M b A 0, B R]E AL RAAE, AN IE] 8(b) B 7s.
ATLAE 0, TEIT IR 8 T s, Z 5 8 T B
SRR, 0, IhZEKT 0,

3.2 HIEZEE FE N

Chowdhury &5 BU A& 3, B8 58 B X W 7E 1
T PERR e B A kTR B ARG, HiE
MR S BRI DG 2R, RIVRH G 5 5 1 3 ol o
FEITE , R0 A L P 7 P 8 5 B T U Lk B A
P IR A 32 FREE Y X R A B TR
FEPERS 2, 29I E = 0.4, 0.6, 0.8, 1.0 1 2.0

024702-8


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

) 3B 3R Acta Phys. Sin. Vol. 72, No. 2 (2023) 024702
1.4 1.4
(a) (b)
1.2r L2f 0,1
1.0F 0. | T L
K\‘ Vi 1ot
08"
< \ = 08}
0.6} ‘\ Oeq
\ /. 0.6 .
0.4 \ / q
\ 0, 0.4F
0.2} o A
0.2

0 e
0 0.5 1.0 15 20 25 3.0 35 4.0
/10

0 05 1.0 15 20 25 3.0 35 4.0
t/10%

P8 i Sl A Ak A A 1] R AR AL () RCTRS TS i R AU R R A AR 5 () VR0 DU fk A

Fig. 8. Temporal evolution of droplet dynamic contact angles: (a) The advancing and receding contact angles of the droplet; (b) the

left contact angle of the droplet.

BT T WO BT AL R AL (R D 4 2k
B 1), Horh B = 1.0 B0E 58 5 100 EARAH
&, E = 2.0 WA W B 2 4%, 2EK
DI Fefl 1 0, M 0.446.

& 9 AN [RIEUTE T B B A 2 . | 2R
Bl B DA R 42 fik oy B IS TR] A 28 fhth 2. 181 9(a) &
B, ZEAN ETHIE T, JRiR ALk o BERT R 251k
KAKHIE], Y207 Temaaie . 5 e+l . ek
TR M AT S A R, I U SR ) TR 1)
J il R B B ) AE SRR [ RN R B . &) 9(b) A,
W TTHERE A2 , B[R] 141 OC R LG 2 48
LR z, ~ ¢, 1680 b SPUE TR EHRARC, Pl
TR BN 0.4 38K 5] 28F, FRE b4 H1h 0.72,
0.71, 0.70, 0.69, 0.68, BIFLIE A Wk EMIT
& T I

& 9(c) FBH, ZF s T8 BT Tk 5 1R
F Ak A% 20y 0 B Bt [R] 9 28 A R AR AR [R], $448
T3 38 4 T (L i/ IN—> 455 iy —> T 34— T e
(LR, FEIEAS R, J5 AR B 2R 7% s i 4 Wi
lu [ BTN 2.4x10 4 RIS/ NZE 0, HEE B R, |w
S ) BN 0. 18] 9(d) I, 2R ERIE
FEETE T W Fr i E R A 2 9 A% 3l 1 B R 228 Iy ik
WU BRGNS T RSB, HBE E XN, u, W/,
FFEREER v, PUHUT BB B e AZS T BRI B

gEEE 9(e) FE 9(f), nT A HHILE 58 B 2
fih 2 | FE R B B AL UL E = 0.4 1
I ], TER P 0—0.28 x 10% B [l B, Wi
e A7 P 1 5 Mg K DX s 8e 4 B BB T 2%, 53K
Yoo TRE (1 9(e)), W y J7 BT AR A, 0 v i
A, B TR AT R 4E AR, WO A A R 2

RPARER T 203 =, WAHESY S 2 J7 1),
RS0 TR W0 1) AN R, B o e (9 9(a)), a, B
K (K 9(b)), HE ¢t = 0.28 x 10% i 2] 45 &%

WG L 9(c) H g B8/ B TR B T 38— A B R
B 9(d) o w, HIIME T S, 0.28 x 104-0.5 x
10% B[] B, 6240 7 3K 31 W i v IEA B At ) 4k 25 )
Je /N URVR TR (B R B |, | AR S8, Bt =
0.5 x 10" B Z] w, = 0, 5 IAHXT N, Kl 9(a) H =,
&/, ZJ5 0.5 x 104—0.7 x 10* B A B, W)
i E IR R 2 DT R W E LB, v = 0, 7, =
—1.67. F T TR 0 AT LR, B Al AT
A 3% T U0 [ AT AT AL B e AR A AR T, Ak
x, IERAE 0—0.28 x 10* IFa]BE (52 3 4= 47 )
WeHERZ ) P Z JE R M ¢ = 0.7 x 10* i
ZIFFG, TEMEM IAETT , W% 5 1B 45 2 b 7]
WO EARI RIS S, w K2 05 x 104 &, &
Ji/NEIR G R, AR5 0.5 x 104 (RS 3 R JEACR
A7 M T R S MU w, 76 ¢ = 0.7 x 10* B
ZIW e AN T REBT L. T HEBY 2 o 05 Il iR A
BEIUIE 5 B A 3 0 90N, IR e B e 2 AT, i
HEHE b A 60, B Z s R R 9(d) o, Bl
E B msis ). [, R 2 A e B
NG HBE E S nmigas, K 9(c) H{w [/
i 2k BB AL E W BE B XN 2288 50, |, [958/ 1N 3
0 HYETZE WL R, o, B IR0 A 1) i 2 7
ZIB AR PR T, w FFARIGR A I 2R, E = 1
M E = 2 W}, WA AT AR 2 DTSR o BE, |, | U6k
N TEATEAE S, E = 2 B, o, S KESBhiE
B 1.6, A I PUE I S, R UL IR A AE
FROK DX SR R, AH Y IO R BRI S . Bl v

024702-9


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

Y B ¥ R Acta Phys. Sin.

Vol. 72, No. 2 (2023) 024702

1.0
(a) — E=0.4
—— E=06

0.5  E_o0s
—— E=10

of —E=20

—1.0

—1.5F

R

i

>

S
— E=04
— E=0.6
— E=0.8
— E=1.0

— E=20
3.0 3.5 4.0

2.4 re) — £=04
— E=0.6

2.0F — E=0.8
— E=1.0

16| — E=2.0

$ 1o //’,
0.8
0.4F \
0 \ \ \ \ \ \ \
0 05 10 15 20 25 3.0 35 4.0

t/10*

RO LA ERE ATk (B Al R A B
MR R TS E () A7 IHERRER (1) A0 A £ A

0 1 1 1 1 1 1 1
0 0.5 1.0 1.5 20 25 3.0 3.5 4.0
t/10*
3.5
(d)
3.0 + — EB=04
L — E=06
2.5 S —— EB=08
s — E=1.0
T 20 VN — E=20
= 0.1 0.2 0.3 0.4
3 1sf t/10¢
1.0
0.5

(a) JRIBHMIZ; (b) ATHEEMLLL; (o) JR B HEMR B S EJEE ; (d) AT

Fig. 9. The effect of E on the position, velocity of contact lines and contact angles: (a) Receding contact line position; (b) advan-

cing contact line position; (c) the velocity of receding contact line; (d) the velocity of advancing contact line; (e) right contact line;

(f) the advancing and receding contact angles.

JEEX) 0, FOEME MmN, E =040, 6, =
0.08; E= 2K, 6, =0.1. Atk E = 0.4 B w, 8K
(K 9(c)).

3.3  HEEIRMHARm

DA b4 B 45 T oK I fid £ 6, = 0.446
I, NHEITE E = 0.6 B, R 0., 7205308 0.446,
0.316 Fl 0.141, FF—2PERFTHIE HE WX T 5%
Rt SR, FE B AR MR R TR B

P 10 DRy YA X VR 2 i £ 5 i 1Y

2R & 10(a) FIE 10(b) FB, |u |, BRAETE
3 3.2 T AR, HA || Fw, ARG
[IERSER PR e Y (Th oy N O 3PS by R 7 = R =R 52
9, PR AR VR0 )N, VBT LR 4 kA S A A
a2z a2 EHE I, i (20) 2R 04 fh 2 w0 5 5%
S EEIN. & 10(a) W], AETERAER o R
o (L P V] Y 34 5 7T s A /D, DR e, A
TR ARAEHT, 6, < O, 1 (19) 2, O, BK, u, K.
& 10(a) BB ELTE R AR AT, 9006 (B 5 i
3. B 10(b) B, w, Bl E R 0 1 8 T

024702-10


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. 72, No. 2 (2023)

024702

JE P FERE AT (19) AR, 2 6, > O, O K,
u, BN, X Fu 5 07 AT A0 TR 1E R e
FRRBATE R R 2. HE 10(b) BT LIE
M, FE u, B TREBEL, ¢ = 4 x 10'H, 56, =
0.446 F10.141 XFRAY w, 539104 0.78 x 104, 1.32 x
1074, BIEIR 58 3455, u, $E =2 70%. 1A
K 9(d) Rl AL MEE T E =1, E = 0.4 B} u, 425
25 90%. IRl A e Rl s e, SO
T GEBEXT u, FHR TSR B 3 i HL A S PR A
w28 SR KRR S5 7K R T e B A A L el A B
i REBLRAT 22 B2 DR I el AR A T R T R 4
RN EAE R A k.

1.0}

Or —— 0eq=0.141
—— 6.,=0.316

_qolk —— .q = 0.446

u, /104

—2.0 F

—-3.0

—4.0

5.0

4.0

3.0

u,/10—4

2.0

1.0}

0 . . . . . . .
0O 05 10 15 20 25 3.0 35 4.0

/104
F10 R 2 RS B B YR (a) SR 4 il
LML (b) BB A2 A8 B T
Fig. 10. The effect of wettability on the velocity of contact

lines: (a) The velocity of receding contact line; (b) the velo-

city of advancing contact line.

4 % #

RO eI R A2 FRAPUIE A B AT R i R
BL=ANREAE: 0 A e i T X 1 AR IR X A2 2, i
PR i 2 I S B I 8] R BOC R ; WG e 2 AE
o By aod A v AR S B2 I P TV 28 T FAEAT, 5 9B 3= 1
#8312 BRSO R R SV

Wi, JE T AN, A i et 1 IR o] SO e
ELTHUET I (y J7100) b AR Sz B, 4 finsk
M BEN S5 R ESL.

TR R S £ A% Bl R T R A S A
K FEAFLEBETEEE T, Arot i s B IT ik
I B B I ) TRGH N, 2 IR G T RS TR R
BRI 22 D ) S5 | SR EFL L R e BERTH
BRI AR Bl iX — 4R AE. W EARR T-45 THLE 5
JERSE, WG y J7 [ 4 A 2 B e Uic 2 2 B i %
JE A ESL. B BT HUETT ) (y 77 1)) ABE T
P BR i  ZURHESTV R, AR 4 ) 2 5 22008 9
TERIE (277 10) ERSIRB AT BA AR, H
X PR FH BEHUE S0 2 a0/ T .

S8 SR 0L T T Y o0 A I R e M e B 2l U RE Y
PIHA LIS R, (E0 RS (R IR AN K i R4 fih £
Fo gy S AN PLE HEIR A B EAOC. AT U A
Vi RE, WU BIE TR BT R A e A% B E R 5
WA /)N, DRI A T R P B ] R 4 i
BT AT A

(1] Daniel S, Chaudhury M K, Chen J C 2001 Science 291 633
[2] Bakli C, PD S H, Chakraborty S 2017 Nanoscale 9 12509
[3] Musin A, Grynyov R, Frenkel M, Bormashenko E 2016 .J.
Colloid Interface Sci. 479 182
[4] Dhiman S, Jayaprakash K, Igbal R, Sen A 2018 Langmuir 34
12359
[5] Wang F, Peng L, Zhang Q Z, Liu J 2015 Acta Phys. Sin. 64
140202 (in Chinese) [ K, B2, sk44, X4 2015 ¥R
64 140202]
[6] Karapetsas G, Chamakos N T, Papathanasiou A G 2017
Langmuir 33 10838
[7] Dai Q W, Huang W, Wang X L 2014 Exp. Therm. Fluid Sci.
57 200
[8] Chaudhury M K, Whitesides G M 1992 Science 256 1539
9] QiL, NiuY, Ruck C, Zhao Y 2019 Lab Chip 19 223
[10] Shi Z Y, Hu G H, Zhou Z W 2010 Acta Phys. Sin. 59 2595
(in Chinese) [f1 F &, BENE, FPTE 2010 YRE“E4 59 2595)
[11] Dai Q W, Huang W, Wang X L, Khonsari M M 2021 Tribol.
Int. 154 106749
[12] Ghosh A, Ganguly R, Schutzius T M, Megaridis C M 2014
Lab Chip 14 1538
[13] Sen U, Chatterjee S, Ganguly R, Dodge R, Yu L, Megaridis C
M 2018 Langmuir 34 1899
[14] Yao W, Zhou Z W, Hu G H 2013 Acta Phys. Sin. 62 134701
(in Chinese) [##, F35 5, HIEDE 2013 Y274 62 134701]
[15] Wang M, Liu Q, Zhang H R, Wang C, Wang L, Xiang B X,
Fan Y T, Guo C F, Ruan S C 2017 ACS Appl. Mater.
Interfaces 9 29248
[16] Dai Q W, Ji Y J, Chong Z J, Huang W, Wang X L 2019 J.
Colloid Interface Sci. 557 837
[17] FuXJ,SunJJ, Ba'Y 2022 Phys. Fluids 34 012119

024702-11


http://doi.org/10.1126/science.291.5504.633
http://doi.org/10.1126/science.291.5504.633
http://doi.org/10.1126/science.291.5504.633
http://doi.org/10.1126/science.291.5504.633
http://doi.org/10.1126/science.291.5504.633
http://doi.org/10.1039/C7NR03320F
http://doi.org/10.1039/C7NR03320F
http://doi.org/10.1039/C7NR03320F
http://doi.org/10.1039/C7NR03320F
http://doi.org/10.1039/C7NR03320F
http://doi.org/10.1016/j.jcis.2016.06.066
http://doi.org/10.1016/j.jcis.2016.06.066
http://doi.org/10.1016/j.jcis.2016.06.066
http://doi.org/10.1016/j.jcis.2016.06.066
http://doi.org/10.1016/j.jcis.2016.06.066
http://doi.org/10.1021/acs.langmuir.8b01889
http://doi.org/10.1021/acs.langmuir.8b01889
http://doi.org/10.1021/acs.langmuir.8b01889
http://doi.org/10.1021/acs.langmuir.8b01889
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.7498/aps.64.140202
http://doi.org/10.1021/acs.langmuir.7b02762
http://doi.org/10.1021/acs.langmuir.7b02762
http://doi.org/10.1021/acs.langmuir.7b02762
http://doi.org/10.1021/acs.langmuir.7b02762
http://doi.org/10.1016/j.expthermflusci.2014.04.023
http://doi.org/10.1016/j.expthermflusci.2014.04.023
http://doi.org/10.1016/j.expthermflusci.2014.04.023
http://doi.org/10.1016/j.expthermflusci.2014.04.023
http://doi.org/10.1126/science.256.5063.1539
http://doi.org/10.1126/science.256.5063.1539
http://doi.org/10.1126/science.256.5063.1539
http://doi.org/10.1126/science.256.5063.1539
http://doi.org/10.1126/science.256.5063.1539
http://doi.org/10.1039/C8LC00976G
http://doi.org/10.1039/C8LC00976G
http://doi.org/10.1039/C8LC00976G
http://doi.org/10.1039/C8LC00976G
http://doi.org/10.1039/C8LC00976G
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.7498/aps.59.2595
http://doi.org/10.1016/j.triboint.2020.106749
http://doi.org/10.1016/j.triboint.2020.106749
http://doi.org/10.1016/j.triboint.2020.106749
http://doi.org/10.1016/j.triboint.2020.106749
http://doi.org/10.1016/j.triboint.2020.106749
http://doi.org/10.1039/C3LC51406D
http://doi.org/10.1039/C3LC51406D
http://doi.org/10.1039/C3LC51406D
http://doi.org/10.1039/C3LC51406D
http://doi.org/10.1021/acs.langmuir.7b03896
http://doi.org/10.1021/acs.langmuir.7b03896
http://doi.org/10.1021/acs.langmuir.7b03896
http://doi.org/10.1021/acs.langmuir.7b03896
http://doi.org/10.1021/acs.langmuir.7b03896
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.7498/aps.62.134701
http://doi.org/10.1021/acsami.7b08116
http://doi.org/10.1021/acsami.7b08116
http://doi.org/10.1021/acsami.7b08116
http://doi.org/10.1021/acsami.7b08116
http://doi.org/10.1021/acsami.7b08116
http://doi.org/10.1016/j.jcis.2019.09.094
http://doi.org/10.1016/j.jcis.2019.09.094
http://doi.org/10.1016/j.jcis.2019.09.094
http://doi.org/10.1016/j.jcis.2019.09.094
http://doi.org/10.1016/j.jcis.2019.09.094
http://doi.org/10.1063/5.0078345
http://doi.org/10.1063/5.0078345
http://doi.org/10.1063/5.0078345
http://doi.org/10.1063/5.0078345
http://doi.org/10.1063/5.0078345
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

) 3B 3R Acta Phys. Sin. Vol. 72, No. 2 (2023) 024702

[18] Diddens C, Kuerten J G, Van der Geld C, Wijshoff H 2017 J. [27] Ye X M, Zhang X S, Li M L, Li C X 2018 Acta Phys. Sin. 67
Colloid Interface Sci. 487 426 184704 (in Chinese) [M2# 1, 5KHHIN, 258022, 2245:0§ 2018 4]
[19] Li C X, Cheng R, Ye X M 2021 Acta Phys. Sin. 70 204701 (in PR 67 184704)
Chinese) [Z7R0, B, M7 R 2021 Y3244 70 204701) [28] Nagy M, Skvarla J 2013 Acta Montanistica Slovaca 18 125
(20] Ye X M, Zhang N K, Cheng R, Li C X 2022 J. Appl. Fluid [20] Dai Q W, Khonsari M M, Shen C, Huang W, Wang X L 2016

Mech. 15 1361

[21] Gomba J M, Homsy G M 2010 J. Fluid Mech. 647 125

[22] Beltrame P, Knobloch E, Hénggi P, Thiele U 2011 Phys. Rev.
E 83 016305

Langmuir 32 7485
[30] Mukhopadhyay S, Murisic N, Behringer R P, Kondic L 2011
Phys. Rev. E 83 046302

[23] Ehrhard P, Davis S H 1991 J. Fluid Mech. 229 365 [31] Chowdhury I U, Mahapatra P S, Sen A K 2019 Phys. Fluids

[24] Smith M K 1995 J. Fluid Mech. 294 209 31042111

[25] Karapetsas G, Sahu K C, Matar O K 2013 Langmuir 29 8892 [32] Song J L, Xu W J 2017 Metal Working: Metal Cutting 2017

[26] Ye X M, Li Y K, Li C X 2016 Acta Phys. Sin. 65 104704 (in 65 (in Chinese) K48, #R3CHE 2017 &8 T ¥ nT. 2017
Chinese) [ 5, 29K, 50 2016 P/BEE4 65 104704] 65]

Thermocapillary migration of thin droplet
on wettability-confined track”

Li Chun-Xi  Ma Cheng  Ye Xue-Minf

(Hebei Key Laboratory of Low Carbon and High Efficiency Power Generation Technology,
North China Electric Power University, Baoding 071003, China)

( Received 1 August 2022; revised manuscript received 28 October 2022 )

Abstract

The thermocapillary migration of droplets on a solid surface is widely used in daily life and industrial fields.
Regulating droplet thermocapillary migration by changing surface wettability has received extensive attention.
According to the lubrication theory and slip boundary conditions, we establish a mathematical model of the
thermocapillary migration dynamics of a droplet on wettability-confined tracks subjected to a uniform
temperature gradient. Combined with the contact line dynamics, a method of determining the velocity of the
contact line in a different direction of the three-dimensional droplet is proposed, the simulation is carried out
with FreeFEM-++. The evolution of droplet migration is examined, and the effects of track width and
wettability on the droplet migration dynamics are emphatically investigated. The results show that the main
part of the droplet moves from the high-temperature region to the low-temperature region, the trailing edge of
the droplet forms a small bulge during the movement, and a thin liquid film is formed between the bulge and
the main part of the droplet. The droplet spreading perpendicular to the track direction is inhibited and
remains pinned after shrinking to the track edge. Negative correlation between the velocity of the advancing
contact line and the track width is observed. The velocity of the advancing line first rapidly and then slowly
decrease to a steady state. The squeezing effect caused by the wettability confined perpendicular to the track
direction accelerates the thermocapillary migration of the droplet on the track in the initial short time. The
enhanced track wettability increases the initial velocity of the receding contact line but has little effect on its
stable value. The velocity of the advancing contact line is positively correlated with track wettability. Changing
the track width is possibly easier to regulate the thermocapillary migration of a droplet than varying the track
wettability.

Keywords: thermocapillary migration, wettability, droplet, lubrication theory
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