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Fig. 1. Schematic diagram of a surfactant-laden droplet in a

uniform electric field.
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Fig. 2. A comparison between the numerical simulation and

analytical solution of surfactant concentration.
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1 IR ORI AL T i R A A B X L

Table 1. A comparison between the numerical results and analytical solution of the deformation factor of leaky dielectric

droplet.
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1 2 0.2 —0.04826 —0.04380 —0.05000 —0.04751 ~0.02377010
50 2 0.2 0.10733 0.10690 0.06520 0.10756 0.09931[10]
1.75 3.5 0.1 -0.02065 -0.02230 —-0.02070 -0.02232 ~0.02198/8
3.25 3.5 0.1 0.00888 0.00850 0.00800 0.00833 0.00879!18]
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Fig. 3. Clean droplet: (a) Prolate droplet [(S,R) = (3.5,
4.75)], umax = 0.00020 ; (b) oblate droplet [(S,R) = (3.5,
1.75)] , tmax = 0.00043 .
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Fig. 4. Surfactant-laden droplet: (a) Prolate droplet [(S, R) =
(3.5,4.75)] , umax = 0.00016; (b) oblate droplet [(S,R) =
(3.5,1.75)] , umax = 0.00034 .
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Fig. 5. The effect of electric capillary number on the de-

formation factor of droplet.

0.8

—e— Oblate droplet with R =1.75

0.6 b —— Prolate droplet with R =4.75
0.4 :///

Q 0.2+
0-

—0.2 .|

—0.4

0 0.1 02 03 04 05 06 0.7
¥n

P 6 AR DX R TR A ) e 8 o VR T 728 TR ) 2

Fig. 6. The effect of bulk surfactant concentration on the

deformation factor of the droplet.
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Fig. 7. The effect of surfactant on deformation factor of

prolate droplet.
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Fig. 8. The filamentous breakup process of droplet: (a) Clean droplet with ¢, = 0; (b) surfactant-laden droplet with ¢, = 0.5.
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Fig. 9. A comparison between the electric field force and the surface tension force during the droplet deformation process.
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Fig. 10. A comparison between the electric field force and

the surface tension after the breakup of droplet.
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Fig. 11. The distribution of surface tension along the cent-

ral line after the breakup of droplet.
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Fig. 12. The conical jetting breakup process of droplet: (a) Clean droplet with ¢, = 0; (b) surfactant-laden droplet with p = 0.5.
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Fig. 13. The end states of two kinds of droplets after they
break up at 67T.
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Fig. 14. The schematic of two droplets under the effect of

the electric field.
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Fig. 15. The effects of bulk surfactant concentration and
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permittivity ratio on the dynamics of two droplets.
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Fig. 16. The states of the two droplets under S = 2.2 and
t=30T:
Umax = 0.00086; (b) the coalescence of two surfactant-
laden droplets (¢, = 0.5 ), umax = 0.00274 .

(a) Two clean droplets without coalescence,
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Fig. 17. The evolution of distance between two droplets.
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Fig. 18. The effects of bulk surfactant concentration and

electric capillary number on state of two droplets.
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Abstract

This paper adopts the phase-field based lattice Boltzmann (LB) method to study the dynamic behaviors of
soluble surfactant-laden droplets in a uniform electric field. First, two benchmark problems including the
surfactant concentration distribution on a static droplet and the deformation of a leaky dielectric droplet in an
electric field, are used to validate the reliability of the LB method. Then, we investigate the deformation,
breakup, and coalescence behaviors of surfactant-laden droplets in an electric field. The obtained results are
shown below. 1) Regarding deformation, the single droplet exhibits two distinct deformation modes: Prolate and
oblate shapes. A higher electric capillary number and a higher concentration of bulk surfactants both promote
greater droplet deformation. 2) Regarding breakup, a single droplet exhibits two distinct breakup modes:
filamentous breakup and conical jetting breakup. Droplets containing surfactants are more like to break up.
Specifically, surfactants reduce the retraction degree of the main droplet after filamentous breakup, while
increasing the number of satellite droplets formed at the ends of the main droplet after jetting breakup.
3) Regarding coalescence, the double droplets exhibit two distinct processes: deformation coalescence and
attractive coalescence. A higher electric capillary number facilitates droplet coalescence. Surfactants promote
the deformation coalescence while retarding attractive coalescence, but the promotional effect dominates.

Consequently, a higher concentration of bulk surfactants will enhance the tendency of droplet coalescence.
Keywords: lattice Boltzmann method, soluble surfactant, leaky dielectric droplet
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