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Abstract: 
In this talk, I will present my research on numerically quantifying reaction-advection-diffusion processes in 
physical and biological systems by leveraging high-fidelity computational fluid dynamics modeling and high-
performance computing. I will begin by focusing on front propagation in chaotic Rayleigh-Bénard
convection, where I will demonstrate a framework for manipulating complex fluid dynamics using a coupled 
reaction front similar to bacterial chemotaxis. I will then show experimentally realistic simulations of 
molecular transport around bacterial biofilms which demonstrate how slow viscous flows improve 
evolutionary fitness of biofilm colonies. Next, I will discuss transport in the brain due to cerebrospinal fluid 
(CSF) flow and excitable reaction-diffusion processes, which are important mechanisms in the development 
of cognitive decline and acute neurological disorders. I will demonstrate how the accumulation of toxic 
protein aggregates, which are the biomarkers of Alzheimer’s disease, depends strongly on CSF flow and 
protein aggregation kinetics. Additionally, I will quantify alterations to CSF flow arising from spreading 
depolarization waves which occur during stroke, seizures, migraine, and cardiac arrest.
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