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Extended Abstract

Slug flow (or Taylor flow) in microchannels is a two-phase flow regime characterized by the motion of gas bubbles or
liquid droplets in a continuous liquid flow. Heat and mass transfer from the fluid to the wall is improved due to internal
recirculating flow within both the bubbles/droplets and the continuous phase liquid slugs which promotes the radial mixing
of fluids. Slug flow is encountered in various applications of droplet-based microfluidic systems (e.g., DNA analysis, protein
crystallization [1]). It is also used for microelectronics cooling [2,3]. While gas-liquid slug flow has been studied extensively,
less research work, both experimental and numerical, has been done on liquid-liquid systems [2-4]. Wu et al. [5] have recently
performed an experimental study on liquid-liquid slug hydrodynamics in square microchannels of cross-shaped junctions.
However, it is difficult to make accurate measurements in microstructures. Furthermore, there are several factors influencing
the slug hydrodynamics, such as flow rate, fluid viscosity, interfacial tension and channel geometry. Numerical modeling
has emerged as a promising alternative way of studying microscale slug flow [6,7]. Numerical simulations can be utilized to
study the effect of various parameters on slug dynamics, droplet and liquid slug sizes, heat transfer etc. Furthermore,
modeling can provide flow details which are difficult or impossible to obtain directly from experiments. Thus, the present
study aims to use computational fluid dynamics (CFD) to simulate the hydrodynamics of flow of a liquid (organic phase)
dispersed in a continuous phase (aqueous phase) in a square channel of cross-shaped junction with a hydraulic diameter of
400 pm.

The Volume of fluid (VOF) method is employed to model the two-phase slug flow by tracking the liquid-liquid interface.
Fluent 17.0 CFD software is used to perform the computations in the present study. Experimental results for water-butanol
system are used to validate the numerical setup. Velocity field, liquid film thickness, distance between droplets, and droplet
length, volume and velocity were extracted from the numerical simulations. The droplet formation process and droplet and
water slug lengths were compared with the experimental ones. It was found that the three-phase contact angle (liquid-liquid-
solid) affects the droplet formation frequency, hence the droplet size and the water slug length vary with the contact angle
value applied. Therefore, the effect of the wall contact angle on the modeling of the droplet formation process is also
investigated. The numerical setup will be also validated additionally using a different organic phase, e.g., toluene. Once the
validation is done, the setup can be used to study the effects of liquid properties, channel geometry etc. on the slug
hydrodynamics, and thus can help to obtain a better understanding of the related flow phenomena. In addition, as the
numerical setup uses the same droplet generation mechanism as used in the experiments, it can be utilized to determine the
flow rates of the liquids to generate droplets/water slugs of a desired size. New microchannel design can be developed by
testing various options without involving experimental setups. The present model can be extended to study the heat transfer.
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