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Exploring Turbulence Using Exact Coherent States
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ABSTRACT

Turbulent flows are ubiquitous in natural and human-made systems, such as the oceans, transcontinental
pipelines, the human aorta, just to name a few. Due to their large spatial extent and the presence of
a wide range of spatiotemporal scales, a tractable low-dimensional description of (even moderately)
turbulent flows is very challenging. In this talk we demonstrate that a special class of unstable flows,
called Exact Coherent States (ECSs), can serve as the building blocks of low-dimensional, predictive
models of turbulence. Specifically, we present a combined numerical and experimental study of a
moderately turbulent quasi-two-dimensional flow. We discuss the dynamical relevance of ECSs and
validate their utility in forecasting turbulent evolution. We also explore the statistical significance
of ECSs and demonstrate how statistical averages (e.g., energy dissipation rate) of turbulent flows
can be estimated using ECSs. Lastly, we show that ECSs constrain long-term turbulent dynamics
through a network of dynamical connections.
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