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Abstract: 
The ability to predict the behavior of multiphase flows accurately, reliably, and efficiently 

addresses a vast array of challenges of global societal, medical, economic and scientific 
importance. Flows with multiple interacting phases give rise to interfacial phenomena whose 
deep and quantitative understanding is crucial for solving global challenges such as ocean-
atmosphere greenhouse gas exchange, capture or storage of CO2, aerosol and cloud physics, 
water desalination and treatment.  Such real and varied systems are necessarily quite complex, 
often turbulent, multiphase flows where mass (species), momentum and energy are exchanged 
across, usually contaminated surfactant-laden, interfaces between bulk phases which may 
themselves exhibit non-Newtonian rheology or even change phase.  In engineering 
applications, such flows are central to nearly every processing and manufacturing technology 
such as microfluidics lab-on-a-chip for biomedicine, mixing, scrubbing, refining and 
distillation in chemical processes, atomization, jets and sprays in combustion, surfactant 
enhanced flows in oil-water petroleum processes, dispersants in oil spill mitigation, bubble 
formation in glass production, alloy solidification in materials processing and steam 
generation for fossil and nuclear energy.  
The crucial commonality among all of these complex multiphase systems is the interface, 
whether it be between liquid, gas or solid.  In this talk I will present an overview of our 
numerical approach to simulate such interfacial flows. I will highlight some of our group’s 
recent work in a variety of regimes (drop splash, bubble bursting, fluid mixing) involving 
surfactant-laden flows and fluid-structure interaction with diverse applications such as kidney 
stone removal, microfluidics, ocean microplastics and Faraday waves.
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