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Abstract: Surfactants can reduce fluid interface tension and significantly alter the wetting properties of solid

surfaces, making them essential in various industrial applications. To investigate the motion characteristics of
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surfactant-laden droplets on solid surfaces, a coupled model incorporating soluble surfactant flow and contact line
dynamics was established using the Cahn-Hilliard phase field lattice Boltzmann method, alongside the Yokoi
dynamic contact angle model considering the velocity of the three-phase contact line based on experimental data.
A computational program was independently developed and optimized with parallel processing to improve
computational efficiency. Subsequently, the dynamic behavior of droplets under linear shear flow was studied,
focusing on the influence of the effective capillary number (Ca,) and surface wettability on the deformation of
both clean and surfactant-laden droplets. The results show that an increase in the effective capillary number (Ca,)
promotes droplet deformation, but beyond a critical threshold, the droplet ruptures. Surfactant-laden droplets
exhibit greater deformation and faster movement compared to pure droplets. On hydrophilic surfaces, droplets
elongate further under shear, with surfactant-laden droplets exhibiting longer relative arc and wetting length than
their pure counterparts. Conversely, on hydrophobic surfaces, droplets tend to detach under shear, with surfactant-
laden droplets detaching earlier than pure droplets. These findings indicate that soluble surfactants significantly
impact droplet shear dynamics by promoting deformation and increasing movement speed. The numerical
methods presented in this study offer a robust approach for simulating moving contact line problems in droplets
containing soluble surfactants.
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Fig. 1 Illustration of droplets on solid surfaces undergoing linear shear
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Fig.7 Comparison of physical quantities between pure droplets and surfactant-laden droplets at different Ca_ values
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Fig. 8 Comparison of deformation between pure droplets and surfactant-laden droplets

= m =

0 80 160 240 320 400 480 560 0O 80 160 240 320 400 480 3560
(a) TR IO (b) L4471 10

- P—P) -

0 80 160 240 320 400 480 560 0 80 160 240 320 400 480 560
(c) Tl 4RI FI15 (d) Tk 1215

>~ ez

0 80 160 240 _320 400 480 560 0 80 160 240 320 400 480 560
(e) TEHHI24.5 (f) LR ] 28.5

PRLR TR B TR0 L 4128 3R U M) R T
9 Ca=0.3K 4% KASHEEN RBHERIE

Fig. 9 Comparison of deformation of pure droplets and surfactant-laden droplets at Ca =0.3



24 TR K F F IR %48 %

32 E@EEEEENEBEEAOXE

[F6] 4% 3 T 9 30 P 2 5 T VR VR 1 PN AR R Y OGS R R = — o R R T R R R A P R VT
TE 2R KRB 7K AR T8 5 U147 o A OCSEUIUE - 0, = 45°, 135°,Ca, = 0.15,
321 RIEBEFKEREG D SHE

P&l 10 S & v TR 5 28 300 1 90 TR AE SR K R T 0, = 45° AN ] JC & 4RI 18] (0,20 .40 ,60) R 4 28 FE X Hb 45
S N 10 AT LU AN R B 220 2 i i 04 5 U0 A2 T8 TP — 35, 8005 1 00 TR L 20 140 YR ) AR %o i) 1 B
I NP - R o 7 T w7315 VA e e R £ T U2 T R TR 371 T I S N 1T = e
SR A2 YRR B A SR S, 43 3R 0.23 F10.13, R F e 3R 1D 119 0.05 F1 0,03, AH X 4 B 14
0.1910.06, X T rh %1 F1#7-0.05 F1-0.03,

b2y ‘ >
/T\| I I | | 1 1 /D 1 L 1
0 80 160 240 320 400 480 560 0 80 160 240 320 400 480 560
(a) LA IO (b) FELAAT 120
i ‘ }‘L
L L I m | | I 1 L 1 ”F/T |
0 80 160 240 320 400 480 560 0 80 160 240 x 320 400 480 560
(c) LY 140 (d) T4 60

SRR FRIR SR | 1438 BUE E DR
B 10 3Rk E R T b 4% R 5 80RO R T L

Fig. 10 Comparison of deformation between pure droplets and surfactant-laden droplets on a hydrophilic solid surface
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Fig. 11 Surface surfactant concentration distribution of surfactant-laden droplets on a hydrophilic solid surface
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Fig. 12 Comparison of deformation between pure droplets and surfactant-laden droplets on a hydrophobic solid surface
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Fig. 13 Surface surfactant concentration distribution of surfactant-laden droplets on a hydrophobic solid surface
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