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Abstract

Droplet breakup in immiscible fluid flows is governed by complex interactions among interfacial tension,
viscous stresses, inertia, turbulence, and density and viscosity contrasts between the phases. This seminar
presents an integrated experimental and multiscale modeling framework for investigating these
mechanisms across different spatial and temporal scales. Controlled experiments provide measurements
of jet dynamics, interfacial deformation, breakup regimes, droplet size distributions, and flow conditions.
At the microscale, high-resolution multiphase simulations based on the lattice Boltzmann method are
used to examine interface evolution and the mechanisms leading to droplet formation and fragmentation.
The experimental and numerical results are then combined to develop reduced-order and data-driven
models capable of transferring microscale information to larger-scale simulations. Particular attention is
given to the relationships among flow conditions, dimensionless parameters, breakup regimes, and the
resulting droplet size distributions. The framework provides a general basis for understanding and
predicting droplet breakup in immiscible multiphase systems, with applications in environmental,
petroleum, chemical, and process engineering.
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