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Cross-wave instability leads to propagating solitions
H. Xia and M. Shats; Propagating solitons generated by localized perturbations on the surface of deep water, Phys. Rev. E 85, 026313 (2012)
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Cross-Wave instability leads to flow reversal
H. Punzmann, N. Francois, H. Xia, G. Falkovich and M. Shats; Generation and reversal of surface flows by propagating waves, Nature Physics 10, 658-663 (2014)
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measured 2D surface elevation
of large amplitude, propagating wave field

Liquid-interface metamaterial offers deterministic particle control

N. Francois, H. Xia, H. Punzmann, PW. Fontana and M. Shats; Wave-based liquid-interface metamaterials, Nature Communications 7, 14325 (2017).
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Nodal point particle orbit

Velocity potential of two
orthogonal standing waves:

O(z,y,z,t) = Acosh[K(z + d)][cos(wit) cos(Kz) 4 cos(wat + @) cos(Ky)]

Experiments
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Theoretical Model

Flow pattern in circular waves
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Small scale particle orbits drift slowly along
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Existence of coherent structures in Faraday-wave 2D turbulence
N. Francois, H. Xia, H. Punzmann, B. Faber and M. Shats; Braid Entropy of Two-Dimensional Turbulence, Scientific Reports 5, 18564 (2015)
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i Van Kameke et al., PRL 107,074502 (2011)
Francois et al. PRL 110, 194501 (2013)
| Xia et al., Nature Comm. 4 (2013)
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Diffusion control of inertial particles in Faraday-wave 2D turbulence
H. Xia, N. Francois, B. Faber, H. Punzmann, and M. Shats; Local anisotropy of laboratory two-dimensional turbulence affects pair dispersion, Physics of Fluids 31, 025111 (2019)

H. Xia, N. Francois, H. Punzmann and M. Shats;
Tunable diffusion in wave-driven 2D turbulence,

f(size)

Journal of Fluid Mechanics 865, 811-830 (2019)
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J. Yang, M. Davoodianidalik, H. Xia, H. Punzmann,
M. Shats and N. Francois, Passive propulsion in
turbulent flows, Physical Review Fluids 4, 104608

(2019
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f(aspect ratio)

J. Yang, N. Francois, H. Punzmann, M. Shats

and H. Xia; Diffusion of ellipsoids in laboratory 2D

turbulent flow, Physics of Fluids 31, 085116 (2019)

Rotor powered by 2D Faraday-wave turbulence

N. Francois, H. Xia, H. Punzmann, and M. Shats; Rectification of chaotic fluid motion in two-dimensional turbulence, Physical Review Fluids 3, 124602 (2018)
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Turbulent diffusion by varying the
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Experimentally measured 3D trajectory
(method: diffusive light imaging + PTV)
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3D printed,
nonlinear wave model

Solition propagation
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spectrum of p(k)
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Lagrangian structure of flow
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Particle dispersion
depends on particle size
relative to the bundle width
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Wave driven turbulence has an
underlying flow fabric.

The flow is made of meandering
bundles of fluid particles.

These bundles execute random
walk collectively and their
characteristic width is Lf.
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Diffusion is tunable

Diffusion coefficient ratio D_,/D,,
varies with particle size
with respect to the
energy injection scale L;

Centripetal acceleration

of the fluid UQ/Lf
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