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ABSTRACT

Multiphase flows in microfluidic and porous media systems are central to many natural
and industrial processes, including Lab-on-a-Chip devices, energy systems, and
subsurface transport. At small scales, interfacial effects such as surface tension and
contact line dynamics dominate the flow behavior, making accurate prediction and
control of droplet motion, breakup, and coalescence a key challenge.

From a modeling perspective, these phenomena are studied across multiple scales,
ranging from molecular dynamics and phase-field methods to continuum-based CFD
approaches. Each level provides complementary insights, particularly for complex
geometries and moving interfaces where capillary effects are significant.

Recently, data-driven and machine learning techniques have emerged as powerful tools
to enhance multiphase flow modeling, enabling improved interface reconstruction,
reduced-order modeling, and efficient prediction of droplet dynamics. However, robust
coupling between physics-based models and learning methods remains an open
challenge.

This mini-symposium brings together researchers working on experimental, numerical,
and data-driven approaches to multiphase microfluidics and complex flow systems. The
focus is on advances in modeling, simulation, and emerging Al-assisted methods for
understanding interfacial flow phenomena.
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