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Abstract

Fluid flows often exhibit chaotic or turbulent dynamics and require a large number of degrees of freedom for accurate
simulation. Nevertheless, because of the fast damping of small scales by viscosity, these flows can in principle be characterized
with a much smaller number of dimensions, as their long-time dynamics relax in state space to a finite-dimensional invariant
manifold. Classical data-driven methods for dimension reduction approximate this manifold as a flat surface, but for complex
systems, this approach is severely limited. We describe a data-driven reduced order modeling method, “Data-driven Manifold
Dynamics” (DManD), that finds a nonlinear coordinate representation of the manifold using a machine-learning architecture
called an autoencoder, then learns an ordinary differential equation for the dynamics on the manifold. Exploitation of
symmetries substantially improves performance. We apply DManD to a range of systems including transitional turbulence,
where we accurately represent the dynamics with 25 degrees of freedom, as compared to the 105 degrees of freedom of the
direct simulation. We then use the model to efficiently train a reinforcement learning control policy that is highly effective in
laminarizing the flow. We also introduce an autoencoder architecture that yields an explicit estimate of manifold dimension.
DManD can be combined with a clustering algorithm to generate overlapping local representations that are particularly useful
for intermittent dynamics.
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