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Fo= AoYiv+ VoApo, (6)

F= AwvYiv+ Asi( Ys.— Ysv) + VoAp + 2TIRSLA, (7)
Fo F ,Ao= 4TRy Vo= 4TRY/3
LA = 2TR*(1- cosh) - JAg = TR . Mo

== 2YWw/Ro Ap=- 2YW/R

AF:
AF = F- Fy. (8)
F= FRo/(Voviv), Fo= FoRo/(VoViv), cF = 3\(0)/2
+ [3(1= cos0)/(2sin°0) + 3v/4] (0) - 2sin®/ (T 0)), Fo= 1. (8)
R sin
AF = VO;)LVAF= %[Y+ seczg] w(6) - 2ﬁ+ %m(ﬂ)— 1, (9)
AF <0 AF> 0 . (5)
AF = 0", (v,0) (AO) 2 3
[19-26,28] Ap po
Ap AF ( 2[1-sinb/(00))]),
2
2 3(v0) (A6)
, AF = 0. (NO) (V.0
, (AF < 0) , (AF > 0)
4 ., A B C D
. (A6)
A y> 1 s A
A 20, , 0 180 A< 0,
(AF=0) ( 3 4( a)
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(B3) (Bu) By 1)
180 (  5(a)
). 2) B4 Bs. )
( 5(b))
2 3 C You< Y< =1, Yo=-— 1.1306.
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6(a) ) Y A 0 RsL
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( 6(b)). ~ L 1235< v<- 1,
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, 102N 10°N

( 100°N) 339

10°UYN  107°N .2

[8,30:33]
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VN
[ 30] Lipid bilayer membrane +9%0.3x10° 8
[ 31] lipid monolayer +ox 107 12
[32] water drople- airionizabl e substrate fax 10- 11
[33] thin film on a bulk liquid1 -1~ 10x10" 1
dodecane-vaporsol i +2.8x 107 ¢
[ 34] te radecane-vapor solid +2.70x 10" °
hexadecane-vapor s0lid +2.48x10°°¢
[35] droplets on heterogeneous wall +10-°
VN
[ 36] amphipolar lpid molecules +36x10° "
[37] hexaethylene glycotsilicon waferair - 2x 107 1% 4 2.5x 10"
| 38] giant unilamellar lipid vesicles +0.5~3.3x10°°
[39] deionized wat exbuffer solut ion-air - 107°~ 108
[ 40] silicon oil-glass-wat er +8.2x 1077
[ 41] Fhexadecane thiol swface-liquid-vapor + 1077~ 10°¢
[42] dodecane-water-air - 1.23%0.29% 10°°¢
wet sulstrate — 3.1x 1072
[ 43] liquid surfactant vapor sodium dodecy! sulfate
dry substrate  — 1. 5% 1077
[44] airwat e silicon +0.6~2.3x107°
[ 45] silica surface-liquid tir air — 1.55% 10-4
s s
) s
) ,
[29,37,46] .
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)
)
A C D , [ ¥yI> 1. ,
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18 / / ;
lyl= L1027. [417] / / , [ ¥YI=1.014 1
| vI= 1.008 8. , ( 3 ).
, Cc
) [48] /
, Sikckelhuber s
; ; [48]
B . (48] C 7 7) C /7 7)) ,
3
MN ¥ / (mN/ m) vl
solid-vapor liquid-vapor  solid liquid
[8] gold nanopartticles liquid- vapor - 1.17x10° ! %0 240 g5 1.1027
waler-air octane-air  octane-water
+ 8.64x 10" 1 81.6 2.7 57.9 1.014 1
[ 47] n— octane droplet-salt solutions surfaces-air . 02% 10-9 T ” . L w088
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Nonlinear Effects of Line Tension in
Adhesion of Small Droplets

LU Cun-jing, YIN Ya-jun, ZHENG Quan-shui
(Department of Engineering Mechanics, School of Aerospace, Tsinghua University,
Beijing 100084, P . R. China)

Abstract Three phase line tensions may become crucial in the adhesion of miae nano or small
droplets on solid planes. For the first time the nonlinear effects in adhesion spanned the full physically
possible parameter ranges of surface tensions, line tensions, and droplet sizes are studied. It is shown
that the nonlinear adhesion solution spaces can be characterized into four districts. Within each district
the adhesion behaves essentially the same. Especially, inside the charaderistic districts with violent
nonlinearities, the ce-existence of multiple adhesion states for given materials is disclosed. Besides,

two common fixed points in the solution space are revealed. The above new results are consistent with
numerical analysis and experimental observations in the literatures.

Key words: small droplets; adhesion; line tension; nonlinearity



