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Numerical analysis of emulsion flow with surfactant and prediction of the physical
properties
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In this study, we developed numerical simulation model that can describe emulsion
flow in the presence of surfactant. The simulation model based on three-way coupled scheme combining the
free-interfacial flow based on phase field model, the surfactant concentration field and
adsorption/desorption of surfactant to interface was constructed and then validated. To investigate the
effect of surfactant on the emulsion flow, the surfactant concentration distribution around the interface
and the collision of droplets in the presence of surfactant were simulated. The resultant distribution of
surfactant concentration was well fitted with theoretical calculation based on Langmuir adsorption. In
addition, the coalescence of droplets was suppressed in the presence of surfactant and the interfacial
motions differed significantly with and without surfactant, indicating that the simulation model
developed in this study is useful for prediction of emulsion flow with surfactant.
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Fig. 1 Distribution of surfactant concentration for an
oil-water interface with yp = 1.0 x 10° and
5.0x 10°,
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Fig.2 Collision of two droplets in the shear flow. (a)
Computational domain and initial setup. (b)
Shapes variations of oil droplets with the
presence of surfactants and in the absence of
surfactants. () Evolution of  surfactant
concentration of two colliding droplets.
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Fig.3 Computational domain for simulation of

permeation of O/W emulsion through a
straight pore of membrane.
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Fig. 4 Permeation behaviors of O/W emulsions with
various surfactant concentrations: (a) v = 0,
(b) w=5.0x 103, and (c) v = 1.0 x 102 (b4)
and (c4) show distributions of surfactant
concentration corresponding to (b3) and (c3),

4(b4), (c4) =313 us (b3),

respectively.
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