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Lecture: High-fidelity two-phase flow large-eddy simulations for tackling turbulent fluid flows in nature.

Abstract
Numerical simulation of natural flow regimes across a range of Reynolds numbers requires adoption of advanced
strategies which can resolve the prevailing large disparity in spatial and temporal scales. Despite the recent advances
in computational methods and the exponential computing processing growth, numerical simulation of turbulent flows
over arbitrarily complex terrains and geometries remains a challenging issue. In this talk I will demonstrate the
potential of coupling high-performance computing (HPC) with adaptive mesh refinement (AMR) methods, for
performing two-phase flow large-eddy simulations (LES) of turbulent flows. Such an approach allows multi-
resolution massively parallel calculations and enables the performance of high-fidelity real-life turbulent flow
calculations. To this end, a number of three-dimensional flow simulations of increasing complexity will illustrate the
ability of the method to handle flows across a range of Reynolds numbers and flow regimes. This talk will emphasize
on realistic turbulent cases including: hydrokinetic turbine calculations, bio-inspired aquatic flows and water impact
problems. The ability of the proposed framework will be demonstrated by simulating the flow of New York City’s
East River, where an array of thirty MHK turbines is to be deployed as part of the Roosevelt Island Tidal Energy
(RITE) Project. Also, the powerful computational codes are used to perform two-phase flow, fluid-structured-
interaction (FSI) calculations to investigate the hydrodynamics and aerodynamics of a jumping archer fish. This study,
performed in collaboration with the Center of Ocean Engineering of the Massachusetts Institute of Technology (MIT),
ultimately enables assessment of the role of jumping as a competitive foraging strategy.
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