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Fig. 1. Schematic of drop disposed on a horizontal
heated substrate.

FEW - FTHIAL, 96 A2 D) ) A [ 82 3~ 44

n* -1t =t" - Viop, (4)
J*2
—tntTtnt =kop, (5)
—h* .1 1, h*
Xfn* = — 20 fitr = — 2 S5

(1+h32)1/2 (1+h32)l/2
J GTH A 1 3 325 1 R ) 0 g, Rt A 0
FE k= V. nt SR T A BT i 2,
7= p I (Vi VRul) Je R KR,
T 9 T R BB B IR BRI, of, -
K.
EURTAL, B3 R HGL AR

J*
h:* + U*h;* =w" — ) (6)
1%
Nt VAT 4+ JRLE =0, (7)
b L i k.
FHAL 78 R RS SR A O, TN
K*J* =T —T*, (8)

TS*3/2 2,KR* 1/2 i i

Kot K — ( 5 ) AR T K

apyLy \ Mg,

FUHNRE, T MR RNE EE, Ry v il B U4

WL My ONERAY TR, pf NAEREE, o AP
RS T 5L 5 ¥

Ty = T 9)

114702-2


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114702

B LT ok 55 0 R i R 1k o &R B
of =0ip: + o (17 = 15),
Z - lg) 157 bg, (10)

bt o7 g FHISI AT Ty F AT, g
BEBRIGK IIRREE; Ty AT 2 5SS % HE
FHIR L 1g, 1s Fl sg 73l ARV -0 VR - AT -5,
FHIH.

W P ) O RR AN TSR R N AT BB
Wik
(x*, 2", h") L*

= L*(z,ez,¢eh), W ,

t —
L
H*
5= ars (T

(u*,w*) =U*(u,ew), p*=
- 1T17)

T* = T(T* — T} + T,

)
Tity = Olg,Ts,
KeL*L?
* * * * * a
O'i:S Ji+glgT*7 J :J0J7 K :T7

S*H*
_ Zh x _ S A
R Jo = Hﬂﬁ ;U M%*ﬁ%&@ﬁ,
— Oy MR REL, N O
THT AL VP ) S R B, Ty, 280m VRT ) I e i
of e NFRLFHAE Ty TR, X5 (i = 1g, s, sg)

* *
S" = Oy

p. = —eBo,
T..=0,

(13)
(14)

* *H*2\ . _ . =
ﬁ*Bo:p;W:ﬁﬁ%ﬁ{F%ﬁ%mﬁﬂﬁ

KR .
To BN T AT N:
z=0, w=0, (15)
u = Bu,, (16)
T =, (17)
z=h, u;=0lg, (18)
= —Cahga, (19)
hy +uhy, = w— EJ, (20)
T.— (21)
KJ=T, (22)
At ¢, = EQUS%T =g = g
Aﬁ2<Tl;kl 13) RN TBME. W% R BN

T eH U p L
WRBCNZE KRB, B R KEE.
B (17) A0 (22) RT3 J = -0

. . s K+h
SR T 0 T e 2 ‘
BRI R F
S T A B R B MR AT T O(e), ARARANRER I SRERRA
AT R Oy Ry o1 = 1 - 5T, (23)
Uy + Wy = 07 (11) g; = 0'1‘70(1 — EZT), 1= IS,Sg. (24)
Pe = sz, 1y SRR T B AT RN
_ h? 2 h? 2 Ko h? Exo
hy _{—Cahxm(g 4 8h ) +5Bohx<3 +gh ) _zlg<<K+ h)th) < +Bh) } Do (25)
® ® ®
(25) R MESAEBA S B WEMATE  RISMBIE, v. < 0 MR IS,
R EWRE ST IO, MK = B — 0, ATf EBEREAL, Young TTHEH
HH Karapetsas % P Jrg UL, 0us(e) = o1g(c) cos by + o). (27)
PR O FE N, B A = 21 = e, o ) -
VI 0. 1R /)N, ¥ -
£) = 0, Uty P e 53 B JE BRI 03 ALK p%jgﬁﬁﬁii@zwﬁimig?f;%
4 R B a a)s
R, R PR e T T T
2% 5 24
d 92 _ 72 A(l — ESgPyO)
ve =~ = B0 - 0.)", (26) 2 1 S
n (Els - Esg)UIS,O'YO + (Elg - Esg)'YO (28)
Hof B g R H, AN B R T, 010, T~ S0 ’
SRR A EN S B U B, v > 048 S0 A = o0 — om0 — 1. 249 (28) S04 I Bl

114702-3


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114702

B0, = 0, FRonBET “58 IR,

2.2 FIUE KRS IEER

TR AR
h(z,t =0) = (1 — 2*)[H(1l — z) — H(-1 - 2)],
(29)
ralt=0) = —1, Telt=0)=1, (30)
A HH(z) = 051 + tanh(20z)] N Heaviside B
R (251,
A, SR F Karapetsas 25 24 B 77 4, 0

18 20 DX $5CR FH AL AR A2 1) 77 AU e 7E [— 1, 1); 2R
H Freefem ¥4, vHEH44(0, 2] x [0, 1] fTH5E I
X173 79500 x 2 AN A PRIJT R —4ER, WO
JERES y 7Rk, BT AR 20t B (R LE y J7 [n)
XKy 2 WS, THE AR S KA 1076, FilH,

*1

{E 75 1A _EXEEG T A% 25 300, 500 FT700 gk 3,
2 H 24 R RS B A 500 B R[] B R i S e

3 HRET®

Dy Dsgy Dis FALTR - [ - -8 S 1f
Tk 770 iR B I RRURR . DR 9T SR T 9K g 5 e BE [
/Iﬂﬂzfi%ﬂz{ﬁzéﬁiijjjifl‘azﬁﬁﬂ\]fmfi T3
W R 3ANURE R AR ARTEH. =
& Mollaret 25 "1 11 Gatapova 25 U9 [ sz 536 w] 45
T AR S ) BUETE ] (R 1), AT A
B TE 2N S H I BUETE (R 2). WCRFaR U,
BUYEW F: ¢ = 0.1, B = 0.001, ¢ = 3, 0150 = 1,
A = —0.001, Bo = 0.5, 8 = 1x1075, 7y = 0.1,
C,=0.1, K =10, E=1x10"3.

A B A S H BT

Table 1. Typical range of dimensional parameters of drop.

LULIEE =) FF /S g7 ] (1) g 704 755 ] (5]
R 5L H/m >35x1074 (2.24—5.00) x 1073
K FERFAE R L/m (3.00—3.75) x 10~3 9.9 x 1073
RipE u/Pa-s (2.9—10.0) x 1074 (2.9—10.0) x 1074
WA p/kg-m~3 103 103
HEEE pv/kgm™3 1 1
FHIKk 71 o/N-m~! (6.0—7.7) x 10~2 10-2—10~1
AT La/kJ kg1 (2.2—2.5) x 103 (2.2—2.5) x 103
EL#A Cp/kJ kg~ L. K1 1 1
SHREH A/KkW-m—1.K~1 (5.5—6.8) x 104 (5.5—6.8) x 10~
TR a/kKW-m—2.K~1 1—10 1—10
F2 MM ERS HIE TG
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Fig. 2. Evolution of drop with time: (a) Profile; (b) contact line; (¢) maximum thickness.
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Fig. 5. Evolution of drop profile with time: (a) Xz = 1.0; (b) Xy = 1.005; (c) Xz = 1.008.

114702-6


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

) I8 % 4 Acta Phys. Sin. Vol. 67, No. 11 (2018) 114702
1.9 10
18} (b)
— 2, = 1.008
L7 --- %, =1.005
16t /S e s e Elg =1.0
.15}
g
1.4t
L3 —— ¥, =1.008
12l --- %, =1.005
11 ',' .......... Elg:I.O
10k J ' ' —2 ' ' '
0 5000 10000 15000 0 5000 10000 15000
t t
6 AF Dy WHEMLAENL () F2E; (b) HE
Fig. 6. Changes of contact line with different Xy,: (a) Location; (b) velocity.
1.4 0.65
(a) (b)
1.2 Xy =1.008 0.60 | X1y =1.008

0 5000 10000 15000
t

- - - ¥y, =1.005

7 AR D HREAE R () Hm; (b) BER
Fig. 7. Evolution of drop with different X,: (a) Contact angle; (b) diameter of the drop.

Hi (28) 20 AT 453, 6 I % P 4 45 fid /) 23 00 A
0, = 0.2082 F10.1491, B4 K X\, K I/ 1
WP B T 2 I T2 0~ 18 e i A, 3 T 42 v LB
TEC VR P R VR0 P S URAAR R 7K P 7 T 2

2
w =(—Chggy + eBohy) <Z2 — hz — Bh)

- e+ ) (31
(31) SNERH, 4w g FTHE Ko, BISR S-S0 I
5K 7 8RR R BORT I R . 2 ), = 1.005
A 1.008 I, 4% filh £ 1 B £ $L I 20 70 0 vt =
1.41 x 10* F11.51 x 10, @1/ 6 (a) Fras. Bk, $2
e VL - 5] 5 T 5 70 SRR R B85 T B LN i
KRR B BT LI R H L.

Dig = 1.005 F1 1.008 I}, ALk x., 5 t HIRAR
REDINN xer = 100 Rl ze, & 10059 B EIRAE
HIRZRG SRR w1 - 5K UK R 2,
E T A 3 PR T VR f R S RE (1815 AL 6), IF
A5 R 5P PR R . DRI % T UL )R
S B IR R A TR PR AT DA vy, T R R

5k R R E 2 IE, SR Mm-S ATk R
H00T 1Y R 2R T 2 R R B Y T R Y
FTHHA 2059t = 2.39 x 10* F11.64 x 10*, X}
F D, = LOKIEIE, X = 1.005 F1 1.008 53 75
T TR 43 B4R T 30% A1 52%. EAR D IR T
0.5% F110.8%, L E o] 31 158 Joe A 28 R AR P2 A T
bE - Al
3.2.2 B-ASF@iKky iR B

DR -SSR S BUR R B R, K X,
3 1.005 f11.008, H AL ZHAAE. S F 4y
Befih 50 N 0, = 0.650 A10.745, BRI [ - 7
THI 5K 775U R B X, T 48 RSP 1 B e, B
VO TR BE T b AR AR A 2 B R OR, X
FiAE E N B 25 TR 43 5ot = 6.94 x 104
7.8 x 104, M T Xy = 1.0, FZE 18] 4551
FEK T 104% A1129%. B8 AT FA, A — B %R
(t = 1x10%), ¥ 5l 8 R 0 R R g, DR v 35
TR P 5 L R 5 e b, b Y 3 2 T L PRI,
11 75 R T8 2R 5 W R R S 2B T, MU R D

114702-7


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114702

AT VR TR AR . Yy, = 1.005, 1.008
I B2 M 28 08 BAT FORAS I 20 5 3R ¢ = 8x 102,
7 x 103(E19). HCAT RN ) Do T4 il 22 £2 11
L BIETHLARES.

TCLL Yy = 1.005, BRIP4 /1 0, = 0.650
I ACEAR A3 1. BT 10 0 ) i 2R 5T L 28 R
G 1E el 28 . B 11 () AT 11 (b)
AR, WA R AN B 1) ¢ = 0—8 X
10° JGEAH R B 10) ¢ = 8x103—3.5x 10* $& 2k
ETHL Al f 98/ NBY B TIT) ¢ = 3.5 x 10%—6.7 x 10*
Bl 28 25 T . B b A OE RUME E B B TV)
t = 6.7 x 10*—6.94 x 10% i L 1% A1 % fi £ [+
IR/ B R T B B B TR BE TV f A ]
B, T B B TTRTEY BEIIT R AR 4 e, H =%
KA Y. X5 Semenov 25 4 485 14 9 7E

A BE T 25 R 1) 4B BURFAE AR 75 A (LT 11 (c) A
K11 (d)).

Gatapova 2 1) 75 4% il 3% JiK 5 3F 55 iR 2 A
40 °CHITEIE T, KW EI )9 92.6 uL, B
4.5 mm 7K AR IR 7N B e Uk 6 3% T gk
ITZE RS, AT 3.171, 44 L 45 42 fk £ 0452
fith 2k 1) S 3 4 o AN S S EADME IEAT 6 B,
K11 (a) M 11 (b) Brow. IR, SCHh pr A4
PUE S Gatapova %5 [19] 586 25 B R AR5 £ R 47, B
L 25 AT S B0 78 LB B AR AE . B
BVEE R R, Gatapova 25 5] [ S26 45 LIk S 7
TR A R B g I 2T B, 1R R DR A
IR AR FH B M BT, T J5 2 1 AT e R DR 32
BB A G WA SR s

0.8
(a) (b)
0.7
o6t L7 NN 1N
L e N e
O S | X S
e
0.3 S = 1.008
--=- X, =1.005 0.4} Te=1.008 e
N 7 A ---¥,=1.005
0.1 0.2y L. Esg =1.0
s II
O ..‘. ‘l N N N N N 1 s, 0 N N N N
—-1.5 -1.0 —=0.5 0 0.5 1.0 1.5 0 0.5 1.0 1.5 2.0 2.5 3.0
t/10*
K8 WML (a) $ER; (b) Hefl sy
Fig. 8. Evolution of drop with time: (a) Profile; (b) contact angle.
1.8 3.0 T T
a b -6
Ll @ S, = 1.008 05 () x10 S = 1.008
y - - - %, =1.005 0 - - - X =1.005
6 H e —
.......... Esg =1.0 2.0 5 R Esg =1.0
15} b B
5 1.4 5 L —10
8 S 10}
1.3} .__,-". \ \ 3.00 3.05 3.10 x10%
1.9 ) - 0.5 KN,
e
Lif o
140 4 " " " " " I 705 I I I I I I
0 0.5 1.0 1.5 2.0 2.5 3.0 0 0.5 1.0 1.5 2.0 2.5 3.0
t/104 t/104

9 HARLAAL

(a) A2 E; (b) HPE

Fig. 9. Changes of contact line with time: (a) Location; (b) velocity.

FE 3.2 171, VR IR i 28 0F R B L AT 4L
o CAET, TR S I A T $R B B B B I AN
IV, X2 BT 58K 2 A H, BUKRH X X 4

fish £ F) 5 0 SEOIN B S, T DA A 2k F) 3 7 SRR AL
5 Sgg MV YR 5, A8 T AT pm] T e
R R M 2 (RS s REoR 2 SEPr 7R 2. As it S

114702-8


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114702

Gatapova 25 1] i FFJ A [ Ji 953 14 10 35 Ji8 of 30 7 26
RABATRER], TS B ARZRAT FL 4T L. 2%
ETHLIL R SEI0 45 AT &

N HE— 25 4 T VT E AL R R R
ik, B 1245 H T A RIS 20 R R R R S
WML WM KBT A B 1)t =
0—6.7 x 104, I £ 1y P B 48 Ml g kb, H
t = 0—8 x 103 FAMLL AL /KPR FE IR, K8
IR0 b T BT, An 12 (a) AT 12 (b) . 24
t = 0.8x10*—3.5 x 10* i, Hzfih 28 Ab 1) 7K P38 Ny

1.0

0.8

0.6

0.4

0.2

%, KUY B TP B IL 2 ¢ = 3.5 x 101 I 42
fith 2 Ak ) 7 ST B Dy A7, 2% B A YRR T 2 S B
fil 2 £AETHL, BITFAAHENFY BLIIL, 41 12 (c) Frows.
2) t = 6.7x 10*—6.9 x 10%, R BL. ¢ = 6.7 x 10*
I, R R IV PR S A T ik 2 Ak U 4k HE B [
MAEt = 6.8 x 10% I 7] & S B B[ [0, 26 B bt
WAL TR ELIV. 3) t = (6.9—6.94) x 10%, Jitzkh
TR 10 2 AR FE VIR B AR A R 2
258 A AR T 0], R W0 ORI BTV e
I Z.

1.0
(b)
0.8
0.6

0.4

0.2

K10 WAL (a) BARZETILIN B (b) Hefihik ZATHLE B

Fig. 10. Evolution of drop profile with time: (a) Contact line pinning process; (b) contact line de-pinning process.

1.2 T
(@) )
Ll
1.0} 1 . ]
+ GatapovaZF[15](5Z5)
0.8}
<
0.6 |
I 11 o III v
0.4k . _
*
=~
0.2 .
0 1 2 3 4 5 6
/104
(c)
SemenovZ;4]
SN
I I 111 18

1.5

(b)
o |

/7 ’
1.0F .

0.5 il 111 V]
iz
+ GatapovaZ15](5L5)

0 N .
0 1 2 3 4 5 6

/101
(d)
SemenovZ4]
~
1 11 111 v
™~

BULT il A B Ak £ I A2 0

Fig. 11. Changes of contact angle and contact line with time.

114702-9


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

¥ 38 % 3k Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114702

0.012

0.010

0.008

0.006

0.004

0.002

0 0.02 0.04 0.06 0.08
T

Bl12 AN 20T W PR AR 2 5 KT T ] 4 5
(d) t = 6.7 x 10%; (e) t = 6.8 x 10%; (f) t = 6.9 x 10*

(d)

0.020 2.0x10°°
1.5x10-°
1.0x10-5
5x10-6
0
—5.0x10-¢

0.015 —1.0x10°%

—1.5x10-°
—2.0%10-5

0.010

0.005

0 0.05 0.10 0.15

0 0.005 0.010 0.015
x

(a) t = 2.0 x 103; (b) t = 8.0 x 103; (c) t = 3.5 x 10%;

Fig. 12. Horizontal velocity contour within the drop along with streamlines at different time: (a) ¢t = 2.0 x 103;
(b) t = 8.0 x 103; (c) t = 3.5 x 10%; (d) t = 6.7 x 10%; (e) t = 6.8 x 10%; (f) t = 6.9 x 10%.

3.2.3 R-BR@ikhEE A

W31 2, = 1.0 E D, = 1.005 A0
1.008, FeAtl 2 FOA AR BEAT 23 A, BT 4
il /1 53 R 0, = 0.2981 F10.1490, 5 Xy, = 1.005
A1.008 IFAH L, P 165432 ik £ 1A AE /N B B8 4 o
A 25, B T g sl i S 3.2.1 4
i JLF 58 AR ), H G AT 50 g Al X %o B THI E
PERE I SZ I AR AR ] T Do 221K 0.5% A1 0.8% If
(S AVIEISCATE RS s & T R N T1E )
it P R R O 3 Ak T A ROIR S TR U 18 8l B

VIIEEE 8
4 %  ®

W e 2 B0 1. . BT
7RIS R RIS, 2 0] 0 il R A
1117 B 41 77 A0 FA T 40 7 U S F ] 4 . B T e
B 77 HL AT A0 R B R AR AR
ST RRAR, 110 78 X T 52 S Ui/ 1 52 i U1 38
SR, F TR A 2R IO R VR R A Bl 1 R Y
R, I S T 5K IR R AU R K, VR A

114702-10


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 11 (2018) 114702

IR Ik R R k2 S LT AL S 2 AT 4L R )
Bl L.

4 F1H 5K 77 il P GURA A RN, 98 v A i
FEEI 3R B 1) WM B 2) Bk
ETHLW B 3) 0T B4R AR il A (R I ORN . B
B AT B T I K iR U A [F]
V) 5 BLAS ) 0 VB0 S AL R AN B ) AR, Y
Dig > Yog = D WXy > D)y = X B, BT FE
SO BE: 1) BRI B 2) HARRET LY
B 52, = Xy = D WAL, ZA5E N 1P
fik AR ek /0N, B TRV RE A LA, 1E T 4 e VR
B R A, I KA B IA B ET LIRS IR I 1], 14K
TR 2 R T 3 R 4 R R A ).

LI D (Deg > X1 = i) I, WAL
FEEMANHEABN B 1) RN B 2) Hsk4sT
LB B 3) #4247 4L B 4 il M AL E 5E B
4) Y AR AR A F RN . BB T B
5 X = Xy = D WAL, 205 T8 N 1465 4 fik £
WK, BETEG M BE B Ak, SRl e AR08, i
P v | CA I 80 T 1 D s e 7 811
5K 77 JE UK RBOR AL T 28 RORE T i iz
BSEINA R

SE3CH

[1] Saada M A, Chikh S, Tadrist L 2013 Int. J. Heat Mass
Transf. 58 197

[2] Li C X, Yang B C, Ye X M 2015 Chin. J. Theor. Appl.
Mech. 47 71 (in Chinese) [ZFHE, HRA, 2R 2015
DR 4T T1]

[3] Kavehpour P, Ovryn B, Mckinley G H 2002 Colloids
Surf. A 206 409

[4] Semenov S, Trybala A, Agogo H, Kovalchuk N, Ortega
F, Rubio R G, Starov V M, Velarde M G 2013 Langmuir
29 10028

(5]
(6]

114702-11

Erbil H Y 2012 Adv. Colloid Interface Sci. 170 67
Zang D, Yu Y, Zhen C, Li X, Wu H, Geng X 2017 Adv.
Colloid Interface Sci. 243 77

Sefiane K 2006 J. Petrol. Sci. Eng. 51 238

Ye XM, LiY K, Li C X 2016 Acta Phys. Sin. 65 104704
(in Chinese) [M22R, 2K, 24 2016 Y)H 2= 65
104704]

Zhu J Y, Duan Y Y, Wang X D, Min Q 2014 CIESC J.
65 765 (in Chinese) [AFE W, BImyF, TR, XH 2014
LT 24 65 765)

Sefiane K 2004 J. Colloid Interface Sci. 272 411
Mollaret R, Sefiane K, Christy J R E, Veyret D 2004
Chem. Eng. Res. Des. 82 471

Kuznetsov G V, Feoktistov D V, Orlova E G 2016 Ther-
mophys. Aeromech. 23 17

Kiper I, Fulcrand R, Pirat C, Simon G, Stutz B, Ramos
S M M 2015 Colloids Surf. A 482 617

Lopes M C, Bonaccurso E 2012 Soft Matter 8 7875
Gatapova E Y, Semenov A A, Zaitsev D V, Kabov O A
2014 Colloids Surf. A 441 776

Guan J H, Wells G G, Xu B, McHale G, Wood D 2015
Langmuir 31 11781

Kuznetsov G V, Feoktistov D V, Orlova E G,
Batishcheva K A 2016 Colloid J. 78 335

Zhang W B, Liao L G, Yu T X, Ji A L 2013 Acta Phys.
Sin. 62 196102 (in Chinese) [3K3CH, B, THE, &
¥ 2013 WA 62 196102]

Ajaev V S, Gambaryan-Roisman T, Stephan P 2010 Col-
loid Interface Sci. 342 550

Karapetsas G, Sahu K C, Matar O K 2016 Langmuir 32
6871

Bouchenna C, Saada M A, Chikh S, Tadrist L 2017 Int.
J. Heat Mass Transf. 109 482

Amini A, Homsy G M 2017 Phys. Rev. Fluids 2 043603
Zhao Y P 2012 Phys. Mech. Surf. Interface (Beijing:
Science Press) pp185-186 (in Chinese) [BXIFiH 2012 %
5 A5 (eat: Bl G 26 185 71 —186 7]
Karapetsas G, Sahu K C, Matar O K 2013 Langmuir 29
8892

Craster R V, Matar O K 2000 J. Fluid Mech. 425 235


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2012.11.026
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2012.11.026
http://dx.doi.org/10.6052/0459-1879-14-161
http://dx.doi.org/10.6052/0459-1879-14-161
http://dx.doi.org/10.1016/S0927-7757(02)00064-X
http://dx.doi.org/10.1016/S0927-7757(02)00064-X
http://dx.doi.org/10.1021/la401578v
http://dx.doi.org/10.1021/la401578v
https://doi.org/10.1016/j.cis.2011.12.006
http://dx.doi.org/10.1016/j.cis.2017.03.003
http://dx.doi.org/10.1016/j.cis.2017.03.003
http://dx.doi.org/10.1016/j.petrol.2005.12.008
http://dx.doi.org/10.7498/aps.65.104704
http://dx.doi.org/10.3969/j.issn.0438-1157.2014.03.001
http://dx.doi.org/10.3969/j.issn.0438-1157.2014.03.001
http://dx.doi.org/10.1016/j.jcis.2003.10.039
http://dx.doi.org/10.1205/026387604323050182
http://dx.doi.org/10.1205/026387604323050182
http://dx.doi.org/10.1134/S0869864316010029
http://dx.doi.org/10.1134/S0869864316010029
http://dx.doi.org/10.1016/j.colsurfa.2015.07.002
http://dx.doi.org/10.1039/c2sm25958c
http://dx.doi.org/10.1016/j.colsurfa.2013.05.046
http://dx.doi.org/10.1021/acs.langmuir.5b03240
http://dx.doi.org/10.1021/acs.langmuir.5b03240
http://dx.doi.org/10.1134/S1061933X1603008X
http://dx.doi.org/10.7498/aps.62.196102
http://dx.doi.org/10.7498/aps.62.196102
http://dx.doi.org/10.1016/j.jcis.2009.10.040
http://dx.doi.org/10.1016/j.jcis.2009.10.040
http://dx.doi.org/10.1021/acs.langmuir.6b01042
http://dx.doi.org/10.1021/acs.langmuir.6b01042
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2017.01.114
http://dx.doi.org/10.1016/j.ijheatmasstransfer.2017.01.114
http://dx.doi.org/10.1103/PhysRevFluids.2.043603
http://dx.doi.org/10.1021/la4014027
http://dx.doi.org/10.1021/la4014027
http://dx.doi.org/10.1017/S0022112000002317

) I8 % 4 Acta Phys. Sin. Vol. 67, No. 11 (2018) 114702
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Abstract

The dynamics of evaporating sessile drop on a uniformly heated, horizontal, solid substrate is considered. On
the basis of lubrication theory and Navier slip condition, an evolution equation for the height of the two-dimensional
drop is established. The numerical results show that the drop evolution is governed by capillary force, gravity, thermal
capillary force and evaporation. Gravity exerts a promoting effect on drop spreading, while capillary force and thermal
capillary force inhibit drop spreading. The typical dynamic features including contact line pinning or partial pinning
modes during the drop evaporation are illustrated by changing the temperature-sensitive coefficient in the present model,
and the drop lifetime of contact pinning mode is found to be shorter than that of contact line partial pinning mode.
Under the same temperature-sensitive coefficient of three interfaces, the drop evolution is indicated with three typical
stages: 1) spreading stage, 2) contact line pinning stage, and 3) both contact line and contact angle decreasing stage.
As interface tension of liquid-gas or liquid-solid is more sensitive to temperature, the drop evolution is divided into two
typical stages: 1) spreading stage and 2) contact line pinning stage. The equilibrium contact angle tends to be smaller
and the substrate wettability is improved, leading to the increased spreading speed, the prolonged time of the contact
line to reach pinning: the faster the evaporation rate, the shorter the lifetime of drop is. Additionally, the same effect of
sensitivity of liquid-gas and liquid-solid interface tension to temperature on the wettability of substrate is observed.

When the interface tension of solid-gas is more sensitive to temperature, the drop evolution is characterized in four
typical stages: 1) spreading stage, 2) contact line pinning stage, 3) contact line de-pinning and constant contact angle
stage, and 4) both contact line and contact angle decreasing stage. The equilibrium contact angle tends to be greater
and the substrate wettability is deteriorated, leading the spreading speed to decrease. Hence, it is more effective to
manipulate the drop movement in the presence of evaporation by regulating the temperature-sensitive coefficient of the

solid-gas interface.

Keywords: drop, evaporation, wettability, pinning
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