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Fig. 1. Schematic diagram of thin water film with surfact-

ant on a SAW device: (a) Top view; (b) front view.
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Table 1.  Order of magnitude estimates for dimen-

sional parameters.
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Fig. 2. Spreading process when the drift of mass governs the film dynamics: (a) Film thickness; (b) surfactant concentration; (c) the
position of the front 2y and the rear z, of the liquid film; (d) maximal thickness and spreading radius of the liquid film.
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Fig. 3. Horizontal velocity contour within the film along with streamlines at different time: (a) ¢t = 10; (b) ¢ = 100.

214703-5


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 2 3R Acta Phys. Sin. Vol. 68, No. 21 (2019) 214703

Bl 4 A T HADSEIRE AR R, 25 s TR
N R 255 3 A 700 5 e VR Ao 0 T AR B ) e ok
T AT LR IR SR P00 5 e s A8 B P o 3k
FESS — B BERE P, H3] T 5 B WIS FRAT “08
3K R R I sk 2 e S 3 P TR R R
TGP B s, RTETTR I3/, PR I i 4 e AR,
P K IR, WARTE Marangoni 50 14 8l T
WAL SN, Y R R T RIS B, TR
He A #aT14%), Marangoni AW 45855, 1 SAW
1 1Y) RS Uik 4 S i A R VR AR AT D
/N OL R I 3 A R0 YRRV 7 U A 4 T ) R 1Y)
LTINS . 2 TR A SR B S AN Bl
TV NGRS T — BN, P& Bl R P A, A2 (A 1Y)
FEES L ANE.

1.2

— Sk
AEEER

t=10
--- 1=50

1.0

0.8

0.4

0.2 1

P4 BERE U I, 28 BB M) 5 e AR 2 TR ) B
W) ) R JEE 3 e 3o R X L

Fig. 4. Film profiles at different times during the drift gov-
erned spreading process with (blue line) and without (or-

ange line) considering the effect of surfactant.
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Fig. 5. Comparison between simulated and experimentall
results for the variation of exponent n with dimensional
time during the drift governed spreading process (the vari-
ation of the position of the front of the film with time ac-

cords to the power laws 27 ~£™).
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Fig. 6. Comparison between simulated and experimentall
results for the variation of dimensional velocity daz’/dt
with U™ during the drift governed spreading process.
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Effect of surfactants on thin film spreading under
influence of surface acoustic wave®
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Abstract

For the spreading of thin and free film of a partially wetting liquid with insoluble surfactant under the
influence of surface acoustic wave, the dimensionless evolution equations governing the spreading dynamics are
derived. The evolution equations contain the film thickness and the surface concentration of insoluble
surfactant. Assuming that the thickness of the thin film is much smaller than the wavelength of sound in the
liquid, the sound leaking off the surface acoustic wave cannot be sustained in the liquid film, and the acoustic
radiation pressure and attenuation of the acoustic wave in the solid are both weak. Then the films spreading
under different physical mechanisms are observed by numerical simulation. The results show that the surface
acoustic wave drives the liquid film to spread and move. When the capillary stress is weak and the liquid film
spreading is mainly controlled by the drift induced by surface acoustic wave, the spreading process consists of
rapid spreading stage and balancing stage, and the Marangoni effect caused by uneven distribution of surfactant
makes the liquid film spread faster in the first stage. When the capillary stress and the drift jointly dominate
film spreading, the spreading process contains three stages, i.e. spreading stage, contracting stage and balancing
stage. The effect of surfactant accelerates the spreading process, but the existence of contracting stage makes it
take longer for the film to reach equilibrium. In addition, the disjoining pressure used in this paper promotes
the liquid film spreading, as well as the Marangoni effect. As the correlation coefficient between disjoining
pressure and surfactant concentration, a, and the Marangoni number, M, increase, the maximum thickness and

the spreading radius of liquid film change faster.
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