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Numerical study of droplet generation via co-flowing microfluidic device 

under electric field
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Applying active control of electric field on the preparation of micro-droplets via the traditional microfluidic technology has attracted great attention because it can effectively improve the controllability of the preparing process. Therefore, a full understanding of mechanisms underlying  microdroplets generation via the microfluidic technology under electric field will provide interesting possibilities to actively control preparation of required microdroplets in real applications. Therefore, a transient theoretical model is developed via coupling of phase-field method and electrostatic model to numerically investigate generation of the single-phase droplets in a co-flow microfluidics device under control of a uniform direct electric field. Via the numerical simulations based on the transient model, the control mechanisms of the electric field on dynamic behaviors of droplets generation are revealed, and the influences of flow and electric parameters on the droplets generation characteristics is elucidated. The results indicate that the electrostatic field is able to generate an electric field force toward the inner phase in the normal direction of the interface between two-phase fluids with different electric parameters. The electric field force enhances necking and breakup of the inner fluid interface, which accelerates the droplet generation, increases droplet deformation degree, and decreases droplet size. As the electric capillary number increases under the same hydrodynamic capillary number, the droplet formation pattern is transformed from dripping regime with only a single droplet formed per cycle to another dripping regime with one main droplet formed together with the following satellite droplets per cycle.
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