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Abstract:
Phase-field modeling has been widely utilized in material sciences for several decades, but its emergence as a pivotal
tool in fluid mechanics and biomechanics is more recent. This seminar will show how a unique combination of
advanced modeling techniques based on the phase field theory and innovative computational methods based on
isogeometric analysis can fundamentally advance our understanding of interface dynamics problems. First, I will first
present recent research on cavitating flows, which are ubiquitous in science and engineering. Despite their
significance, a number of fundamental problems remain open; and our ability to make quantitative predictions is very
limited. I will present a phase-field model and a computational method which open opportunities for predictive
computations of liquid-vapor flows, including cavitation inception —one of the most elusive aspects of cavitation.
Second, I will present our models and computational methods of elastocapillarity —the process whereby capillary
forces at a fluid-fluid interface deform a solid. Our elastocapillarity research is motivated by intriguing experiments
which showed spontaneous droplet motion on soft surfaces with space-varying stiffness (droplet durotaxis). Through
an innovative fluid-structure algorithm, we showed that durotactic droplet motion can be inverted by changing the
system’s wettability, which is important in microfluidics, microfabrication and thermal control. I will finalize my talk
showing how our quantitative approach to phase-field modeling has permitted us to break new ground in the study of
interfacial biomechanics.
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