Fundamental advance 1: A versatile experimental testbed for 3D+1 mixing characterization.
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Properties:

-Ability to emulate physical forces with arbitrary
dependence on time.

-Full PIV-based characterization of
3D+1velocity field enable linkage with
theoretical progress on visualization of 3-D
structures (see next slide).
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-undamental advance 2: An ergodic-theory based theoretical and computational framework for 3D+1 mixing.
UNSTEADY HILL’S VORTEX IN 3D

Hill's Vortex Perturbation div =10
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Extrinsic Coordinates: Intrinsic Coordinates: The spiral island replaces the initial core.
(G Averaged Functions Diffusion Modes . £=0380  ==03405
g(z) xa(z) ;
o | g vitan / :
ARG
T S % |
R ) \ xa(z) /
Y = ambient space: negative-index Sobolev space [Mathew "10] b 4

- Diffusion Maps extracts intrinsic coordinates [Coifman ‘06] s
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I \""-..._ level set « Ergodic Quotient is useful for discovering unknown fea-
7 ya(z) Poting tures

A A « New bifurcation uncovered, seemingly consistent with a
T « euclidean (chordal) distance in diffusion modes corre- saddle-node collision mechanism for periodic sets

o sponds to intrinsic distance along the EQ « Similar phenomenon seen in 1:2 resonances for Hamilto-
N « euclidean (e.g. k-means) clustering is applicable nian systems, e.g., spring-pendulum oscillator [Broer "03]
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