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Fig. 1. Schematic diagram of a vertical film drainage.
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Table 1. Typical scale and dimensionless parameters in experiments.
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Fig. 2. Characteristics of film drainage: (a) Film thickness; (b) surface velocity; (c) surfactant concentration at the

surface; (d) surfactant concentration in the film; (e) the adsorption-desorption flux; (f) surface elasticity.
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Fig. 3. Film thickness at the early and late stages of evolution at different 8 values.

214703-6


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

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 21 (2018) 214703

101

20

30

0

101

20

30

— (b)
—0.02 0 0.02 0.04 0.06 0.08

4 ANIE] BB AT i 31 T3 R X L

Fig. 4. Film velocity at the early and late stages of evolution at different 8 values.
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Fig. 5. Variation of maximum elasticity at different 3

values.
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Table 2. Adsorption rate parameters of some nonionic surfactants.

oo Adsorption Adsorption Desorption S HHES
A s coefficient rate constant coefficient 3 M SCHR
/mol-m 3 11 B 1 _ 4 a/¢/mol-m "
¢/m3-mol~ s k1 = (I'oo/m:s ko = afs Helf /m
C12E4 466 x 1076 30 14 x 105 1056 x 10~5 0.013*  Kumar % [38]
C12Es 3.48 x 10~6 4.0 1.4 x107° 14.0 x 1075 0.1*
C12Es 2.67 x 10~ 12 3.2x107° 29 x 102 0.11*
1.804 x 10—10 4.2 x 106
Ci0Es 5.5 x 104 0.0138* Hsu % [39]
mol/cm? cm3 /(mol-s)
CioEs  3.85x 1076 3.57 x 1073 0.00107# Santini £& [22]
B-C12Go 5x 106 2.78 x 1073 0.0018%

T * FRRBAEH ke THEAR R # FORBERH Doo/ (o/¢) WHATE]

4.2 RPRAAKSE M X B R IR AR SN

AT HE A BB ER S = 1, WM RE
Ks =1, BRI #1E ¢ = 10, 22 TH AN #F Pelect
By BEL Pe = 100, Peb = 100 ¥ M5 HE W i

AL SR )5 70 BT e BUAS [RIAE I, A BIR JBZ K 3
X VR AR VS W, T R R A Y R B IR
A,

K645 th TR IZIK 3 e = 10 I A HEBRER
LR, ALY, SR E B UK, AR LEE I {E
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DRI fige P s v, HLE IR 2K T B8 = 20 I Ay s v
(E6(f) F1E 2 (f)).
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Fig. 6. Characteristics of film drainage: (a) Film thickness; (b) surface velocity; (c) surfactant concentration at the surface;

(d) surfactant concentration in the film; (e) the adsorption-desorption flux; (f) surface elasticity.

B 7 AN [ o7 B Ak ) V1R B PEE AL R A, AN
B 7R, A HERCRCR, AR R IA BINIPEAL ),
WO AR DL RR A, R L AN R AR A, SRR
I T AN T 1) 4811, Berg %5 0D 2R 4 mm 194
JEHELL 1.6 mm /s IR ENE A 2% + " he IR

&4 (sodium dodecyl sulfate, SDS) F1 4% H i {1 /&
EVE BB Y, 0 B 52 e [ 5 A7 7 R R
B RIS (14) A SEE6 BT 43 B8 I 1) 5 446 W
I JE B HEAT o B AL, 5 A SORAUL 45 SR BEAT X L
(W7 (b) o). S5 pir 45 HE N TA) 6 & 4040
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1.2 x 103, 5ASCHRUN [0 PR 4572 [ — =2, H.
SCIRH SN R A AR, (B SR A e R
JEREBN. R R 22— 2 SE PRI HE U S 5
h* S HIUG L ho PLAE I /DN, 0% S S LU i 3 A 0,
W S REFERS I, BRI rhon) T B AR I R
FEHEAT T IE UK.

TR
.,
.
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o =15

»

() .

(] o SLIH[40]
o

t

K7 R AL R R R s A L

Fig. 7. Evolution of film thickness at typical position.

F P S AT, B e R K, YRS R THD A P L B
Z 340, BIAS[R] & 4B A0 W T HE VR R ALE 5 2 T i 1 %o
WS HER I e BT — 80, Sk — B s R T
SR S T A M T PR ARV IR HE RO AR 5 e, 1 O
B 10 SR T A% PR RS A 34 1 & ECAEL AS (7] B 7 i 28 e
Z R I B BE RN SR R . 9 R, ¢ = 10
I}, He =1, 10, 100, 1000 FHXT S ¥ 5 J5 FE 4K 7k
Hhn, R BEAR XK Hoe = 100, 1000 1E 7% T
{0 YR HH B G T G, s B, 30 IR Bk
. fEt = 100 AT R UA K AR Frll e B K, JEFE 14
01 2% T 3 ARG RO . O e 3 b 0N PR VB9
Sy B i 3R THD ¥ TR TR A [ JE g, 9 e 7R
IR I I (B 11 (a) F1E 12 (a)).

800
e=1
TToesl z=15
[C1010 1 L =100
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400 [ e
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R
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200 |
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Fig. 8. Surface elasticity of evolution at different e

values.

1M 24 ¢ >100 B, 00 HE B E A P58 05 13k 3
L SRR R KSR (e = 100, 1000) 5 5/ 3 pE
(e = 1, 10) P BAT AR O HE AR AE: 3P
ANE, R AR AR R AE . Mt = 500, 2 > 30
I, e = 10 M ¥k 5 3% I 305 14 770 9k BE % Bofs BE 30
K (EI11 (b)), IE A #5228 208 B g, i
W R e = 15 JE (B9 (d)), 21 B/
(E110(d)). = < 308F, e = 10 [ B3R THI & P 771
WEMES FEAE R, FIMREEK K Te =1
PV 2R T, VR R FEAE 2 = 30 Bhir Bl K 2
B T 24 SR A R, HEWRS VRIS 0 v 4 77
BB 5 50 B (&1 12 (b)), LRk b BB 7 4
T IR P PR B 22 SR T, R P A 4 - B R T
AR PR A 2 P 38, BRI B R R, R
AR (B 11 (d)), PEA A i D 22 B &8, (8
W N HER. MR, e = 100, 1000 the = 1, 10
HEVBH A SR, YR B (&9 (d) AL 10 (d)).
e = 1000 b e = 100 [ IR BEAR, 2 1 W B 24
b TR TE N ITE. e I R R ] U e K T
SRS T, VRS BB OK, IR AN PEIRES; (HHRR S
BE R BP0 S R 7 A v 1) S 22 X JE R,
TR, SRR M A

Langevin [ $& H & o] ¥ 35 2 770 110 2 39 e
R VIR R B BE K, BN B I BH 1 /N, 5
ASVEMEVEMEFEE AR 2. Karakashev Al Nguyen!*!]
H Scheludko Hi, ith & B %F A [[] ¥ B2 (1) SDS (CMC
4 7.5 mmol /L) A+ Z4ElE (dodecanol) FITR A EH
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Fig. 9. Film thickness of evolution at different ¢ values.
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Fig. 10. Surface velocity of evolution at different ¢ values.
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Fig. 11. Surfactant concentration at the early and late stages of evolution at different e values.
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Fig. 12. Adsorption-desorption flux at the early and late stages of evolution at different e values.
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Effect of surface elasticity on drainage process of vertical
liquid film with soluble surfactant”
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Abstract

The aim of the present paper is to investigate the gravity-driven draining process containing soluble surfactant when
considering the coupling effects of surface elasticity and surfactant solubility. A nonlinear coupling evolution equation
including liquid film thickness, surface velocity and surfactant concentration (both on the surface and in the bulk) is
established based on the lubrication theory. Assuming that the top of liquid film is attached to the wireframe and the
bottom is connected to a reservoir, the drainage evolution is simulated with the software called FreeFem. The effects
of surface elasticity and solubility on liquid film draining are discussed under their coupling. The simulation results
show that the surface elasticity is an indispensable factor in the process of liquid film drainage with soluble surfactant,
and the surfactant solubility also has an important influence on the process. At the initial stage of liquid draining, the
initial thickness of liquid film increases with increasing surface elasticity, and the surface tends to be more rigid; with the
drainage proceeding, the liquid film with high and low elasticity illustrate different notable draining features: in the case
of low surface elasticity, the distribution of surfactant forms a surface tension gradient from top to bottom on the film
surface, leading to positive Marangoni effect that counteracts gravity. However, in the case of high elasticity, the film
surface presents a surface tension gradient from bottom to top, resulting in a reverse Marangoni effect, which accelerates
the draining and makes the film more susceptible to instability. The solubility of surfactant dominates the number of
adsorbent molecules on the film surface, which affects the surface elasticity. When the solubility of the surfactant is great
(8 — 0), the film is extremely unstable, and it breaks down quickly. As the solubility decreases (namely, 3 increases),
the stability of the film increases, and the initial surface elasticity also rises. The surface elasticity gradually approaches

to the limiting dilational elasticity modulus due to the film being thinner.

Keywords: vertical film, soluble surfactant, surface elasticity, solubility, drainage process
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