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Rupture distance of liquid bridge based on Surface Evolver simula-
tion

YU Yang, WANG Xue-wei, WU Qun ( Biomechanics and Biomaterials Laboratory, Department of Me-

chanics, School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract; Objective To study the variation of rupture distance of liquid bridge with different liquid volume, spher-
ical radius and solid-liquid contact angle. Methods The process of stretching and rupture of liquid bridge be-
tween a sphere and a plane was simulated by Surface Evolver program. The rupture distance of liquid bridge
which depended on the liquid volume, radius of sphere and wetting property of surface was calculated from the
simulation. Results The theoretical formula of rupture distance which was related to the liquid volume, spherical
radius and contact angle was derived based on the formula given by Lian and Willett, et al. The simulation result
was in agreement with the theoretical result when the solid surface was hydrophilic ( error <4.3%); when the
solid surface was hydrophobic, the error between the simulation and theoretical results showed to be greater with
the hydrophobicity enhanced. Conclusions The quasi-static process of stretching and rupture of liquid bridge
can be well simulated by Surface Evolver program and the rupture distance can be given accurately from the sim-
ulation result. The error between the simulation and theoretical results in rupture distance on the hydrophobic sur-
face appeared significantly increasing, because the formula given by Lian and Willett, et al was derived from data
based on the hydrophilic surface.

Key words; Surface Evolver simulation; Liquid bridge; Rupture distance; Stretching; Hydrophilicity; Hydropho-
bicity; Biomechanics

s B #:2011-09-01 ; #&E HHA:2011-09-25
E&WA : HE ARBFES R H (10902015) , 45 2B IR 245 (20091101120001 ) .
BEIESE : T, Tel: (010)68912731 ; E-mail : yuyang08 @ bit. edu. cn,,



F #¥,%Z. EF Surface Evolver # i\t R IE 5
YU Yang, et al. Rupture distance of liquid bridge based on Surface Evolver simulation 437

AN R — 2 /N R HURT DA R RE T B C |
JET, HAr Sy WL 2 Hh e 50 -5 B T [R] 9 B0 7 £ B9
B, WH AR REN ). BEETEPHE
{34 Aok e ] PR Y8 BEAE A SR BT AFAE , AT DL VR
TERFERPRLEATE. B TRFEEYRM K
&k B A RE F Y AR S G rh I s BRI
0, A LLR, T B8 A T 28 LA % W 2 i AR A
Z AM1%7F . Haines'" fiI Fisher'®! 7£ 20 42 20 4F
AOXS B VBT 7 A (K B A AT . AR, R
B WIREAR JEAUK N THAR UL S ARG KNG B AL %
R R R, SR R R B ST S O T — AT
S, ANl HE %5 De Souza 4™ BFFE T A
IR RMTE IR TN % 5 K X BT 0 KN R, T
BEE B At R BB B & R, B R P BR8] VB3R 5
TED T Y047 [ R P 9 L SR R 22, 4 Adams %57 il
Rabinovich 4¢'* B 5t T Wi BR T 14 V80 7 71 ) 28 fL 1
B, Gogelein 25\ BF 55 T WA 7R SR THT AT I 4% 1
DA 386 2% B 2 o 1 A, Sivghi 55 BF5T T 2k
T T S5 X3 P B ) 322 W06 1 499 K B TRORT 7 R B 1 )
fi, Sprake 25" RIS T 2R [FI R S5 1 TR SFAR A
BRI 1 5

W55 WP 174 7 2 B 2 % T 5 A 0 280 B AR RS
AR R BTT AT Bk B br & S5
BEENE . WO (H) 2 W05 Wi i AH 3 1)
VPR ] T 2 ) B L B, P I o V9 [ 5L T 0 85 B
BB T AN B Ak 5 AR T 2 0 2 R R R e e
FHERE, BT T R, BT AE R B, L AhER
$E BRI /£ Laplace-Young {735 2 s 247 B FE BT i
FA~ s S8 )5 , Laplace-Young 4 43 77 72 K TG i
Mazzone 51" SEHy 28 5t 36 B 51 fe S5 (E A2 I
MIRTREEE RS . —f&IE L T, Laplace-Young #4377 2
B MR AR, WOK 2216 B0 T 8% P 008 75 ¥ R SR A
Laplace-Young 14} J5 2 LA 15 21 53 %2 WA 19 S0 F0 56
FRIEAR o

Lian 2" F¥{Hf# Laplace-Young 1443 5 2 i
TS T AR G 45 2 AR TR T R) VROPE B = A ) B 4
71 R A E SRR I B AL, PR IR
INEEf A () BIIE LT W REE B 5 LT R R
FHE 1R :

D* = (1+0.50) JV* (1)
AH:D" =D/R RIRENILH B REEE, D yLhr

WiZdiE s R N ERBR AR, 0 M E R E w5 AR
Befbfa, Ve =V/R RLEBNCRBHF AR,V HE
SRR . Willett 2 7 Lian 1 B 53 p L7
b T 2 ANAS TR AR B T 18] OB 45 S 5 B T
PEES A AL, LSO BT 3R 0L, 35 | AR R
IRR PN

o) o
HH R, R, S HIX N RERE R, R4, BB’
7 T 2L B i o O B B L s S
D, = [1 + %(% + 1)]

1

R 2
* V1/3 2 * y2/3
[(VI,Z) * (QE_?)(VI’Z) ] (3)

A :D1*,2 = D/Rlzﬁi?ﬁﬁ¥ﬂ¥ﬁé%ﬁ‘%mm
WIBERS, V. ," = /R, BRRTIAAFEEET
BRLHBBFER . K H A — BRI AR TR 5
HOR AR AU = T AE 3 R — BRI A — > 1 2
6] KRR T BT, B X R, —o0 B, 5 (1) BT {0

02y = [1e [y - gpap=] @

AR FEABRNAE, D, = D/R ZTENK B
R,V = VR RIENLIHBHAR. 5
FLA — R 1 3R ) gy T M— 1~ T8 22 B YRR Y W 2
PEXF T A2 i KRR B M, LT BT A R G
M AL FEEENE L.

AL EZFIH Surface Evolver £ FRITH I i
TN [ o 2R B B bR 2 T =2 [ RO B L AF R 28 B 3
AR, DRI B A3 T 134 S 44 0 1 O ¥
Pt 2 K BE R SE I

1 HEREMFLETIE

Surface Evolver J&Hj Brakke ™ 831 /N FF A
FROTHR P A, & DATE W I R R T S RE B BUR /D
I B LRI 2L R H B AR 56 Bk 2 5 338 2L A, 7T
DABEADL 2 i 8] R R R G RRETE S . ]
Fi Surface Evolver #3IF25, Chou 2 481 T W
EEIIE W T IEL 4 E & FAETE X, Chatain
LS TRE S T W AR A R R B TR R R AR
Ak, Dorrer ZTVBFFE T BLAS RE B B /K 2 T = A
LEFEIR, Ling 2 BFSY T WO P — SR RRE



EREYMANE $£26% F5H 2011510 A
438 Journal of Medical Biomechanics, Vol. 26 No.5, Oct. 2011

o XS H Surface Evolver 1545 R 5 3
WECE LI R BT SRR AT

FE A ST AR AT 3R T R T TET ) 1 Y A AT [ R
o RPN, B SR R E AR,
AR ORISR PR BE W W; LR
SV B H A8 E [E - -SR-S ST REALAR, B
Young AXER]LFE B RS A BfERSEA:

E = Ei(')’LvAiLV) + Ej( - YLVAéLCOS 6> (5)

Ky HR-K R ERE, ALy AL A IR R M
[ - Y S T B A A PR T TET R, 0 2 [ A4 ) ) Young
Hefolfl o I A AR SRR TE B RERR/ N
JEI] WA T LA B0 AR T AR AL PR 8 S5 1F T RS
RE R B /IMELITE AR, BB P EL ST AR

WG B 45 78 BR T A B = a5 T T 2 D) PR
(H) , 4% EEM B Young $flfA (0) , 3P4 xE
PRFRV BT LA 5 AR B =X 2 3 0 [ R 2R 1w (L
Bl 1(a).(d)) ., FIF Surface Evolver Xf Il ¥ 15 R4t
W AT AL R A PTG O, — B A TE ]
FECA H fw [E R 3R A TR B T (LR 1
(b).(e)),n—2RTERBE R H i)W [ {4 2 1 A
ANRETE BUAS R RO T2 VBT B 3T Al e 78
MWRE L (HFEBRREE-NRE L) BRFH K
OB 1(e)  (£)), BZEiFAESE(0,V,R)
TEOLT PR TE A [F] BE S B B A 45 SRR SE B
R , R 4% 2 BT i fe & S8 P W i
KEEES (H,) , X {H 2P EAE B I S H0E LT BBt
ZpE R,

2 ZRMITE

F S HRIBTB AR R 75 ¥, B Surface Evol-
ver BEAING R 45 Z40(0,V,R) TEOL T AT
WrABE s (H,) . HGR T A A o 80°, 3k
R S mm, AR ARERIX H S8, 52—
RINRBTWIZLIEES . 08 2(a) Fas, Surface Evolver
BT S B M 45 2R 5 3e A= Fl th & vy & 1518
. EIZASHIBHN T ISR MRS R LBp g
RIEKHIREHAE 2. 4% LIN

B RE BRI SEE BT W LR B
RIS R IRFRDg 4 wL, AR RIBK TH Fr 422 ik
Fa¥Ih 60° BT Bl — R F A [5] 3K T 2 42 i X L
H R W B B E , E2 (b) Pis AR IUSE SR 53

(a) ()

Bl 1 Surface Evolver il EE KA B B S (a) 7E Surface
Evolverf2 /7 P BRREAEN 5 mm, Hefl 1y 60°, (K FN 4wl MK
B IBTEEARAS s (b) P 35K B P HE R BE B /N F H, i, R W
WA ; (o) WK BA T H M EES R T H, i, KA
B Wi U5 BARIN AR ADIRES s (d) 7E Surface Evolver #2)7 Pt BER 12
295 mm, Befihff S 120°, R A 4 pL IR DA 4IRAS ; (o) TIBR
KBS E R RN T H, L EA RS R R () W8
K BT EIEBE R KT H, i, BRSBTS

Fig.1 Simulation of liquid bridge between a plane and a sphere
by Surface Evolver (a) The initial configuration in Surface Evol-
ver program with spherical radium 5 mm, contact angle 60°and lig-
uid volume 4 yL; (b) Stable liquid bridge was simulated when the
distance between two hydrophilic surfaces was less than the rup-
ture distance H,; (c¢) Stable liquid bridge was simulated when the
distance between two hydrophilic surfaces was more than the rup-
ture distance H,; (d) The initial configuration in Surface Evolver
program with spherical radium 5 mm, contact angle 120°and liquid
volume 4 yL; (e) Stable liquid bridge was simulated when the dis-
tance between two hydrophobic surfaces was less than the rupture
distance H,; (f) Stable liquid bridge was simulated when the dis-
tance between two hydrophobic surfaces was more than the rup-
ture distance H,
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Fig.2 Theoretical and simulation results for variation of rupture distance with different parameters (a).(b).(c) Curves of theoretical
and simulation results for variation of rupture distance with liquid volume, radius of sphere and contact angles, respectively, (d) Contrast

curves of variation of rupture distance with radius of sphere under different contact angles (40° ~120°)
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