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Outline
1)Introduction.
2)Lagrangian vortices in neutral fluids.
3)Lagrangian vortices in drift-wave plasma turbulence.

a) Turbulent regime.
b) Zonal flow regime.

4)Conclusions.
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Turbulent water jet. From Van Dyke (1982)
Processed STEREO data of the solar wind.

Data credit: Craig DeForest, SwRI https://svs.gsfc.nasa.gov/12329

1: Introduction
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2: Lagrangian coherent structures in fluids

Mount Edna blowing volcanic vortex smoke rings
https://youtu.be/Q2cUGICVEhI
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2: Lagrangian coherent structures in fluids

computing its eigenvalues and eigenvectors, and  seeking extrema of the 
Lagrangian shear one can obtain

Haller, Physica D 2011; Haller & Beron-Vera, Physica D 2012
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2: Lagrangian coherent structures in fluids

Beron-Vera et al., J. Phys. Oceanogr. (2013)
https://doi.org/10.1175/JPO-D-12-0171.1
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2: Lagrangian coherent structures in fluids

The Navier-Stokes equations are given by

where u represents the fluid velocity, p is the pressure, f represents an 
external force, and Re is the Reynolds number.

We solve the 2D Navier-Stokes equations using a spectral code available at

https://gitlab.com/rmiracer/jade
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2: Lagrangian coherent structures in fluids

Miranda et al., CHAOS 2013
https://doi.org/10.1063/1.4811297
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2: Lagrangian coherent structures in fluids

Miranda et al., CHAOS 2013
https://doi.org/10.1063/1.4811297

Spatiotemporal patterns in the 2D Navier-Stokes equations for Re = 51.52 (chaotic regime)
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2: Lagrangian coherent structures in fluids

Spatiotemporal dynamics of Lagrangian vortices in a chaotic regime 
of the Navier-Stokes equations.

Miranda et al., under preparation
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3: Lagrangian coherent structures in plasmas
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3: Lagrangian coherent structures in drift-wave turbulence

Spatiotemporal dynamics of the perturbed plasma density, in the turbulent regime.

t = 0 t = 50 t = 100
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Lagrangian vortices detected using geodesic theory
Miranda et al., under preparation

3: Lagrangian coherent structures in drift-wave turbulence
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The total kinetic energy          and the kinetic energy contained in one selected 
vortex       , from t = 0 to t = 100.

Miranda et al., under preparation

3: Lagrangian coherent structures in drift-wave turbulence
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3: Lagrangian coherent structures in drift-wave turbulence
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The total kinetic energy          and the total kinetic energy contained in all 
vortices            , from t = 0 to t = 100.

Miranda et al., under preparation

3: Lagrangian coherent structures in drift-wave turbulence
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3: Lagrangian coherent structures in drift-wave turbulence
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3: Lagrangian coherent structures in zonal flows

Miranda et al., under preparation

t = 0 t = 50 t = 100

Spatiotemporal dynamics of the perturbed plasma density, in the zonal flow regime.
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3: Lagrangian coherent structures in zonal flows

Lagrangian vortices detected using geodesic theory
Miranda et al., under preparation
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3: Lagrangian coherent structures in zonal flows

The total kinetic energy          and the kinetic energy contained in one selected 
vortex       , from t = 0 to t = 100.

Miranda et al., under preparation
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3: Lagrangian coherent structures in zonal flows

Miranda et al., under preparation
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3: Lagrangian coherent structures in zonal flows

The total kinetic energy          and the total kinetic energy contained in all 
vortices            , from t = 0 to t = 100.

Miranda et al., under preparation
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3: Lagrangian coherent structures in zonal flows

Miranda et al., under preparation
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4: Conclusions

● Robust vortices using geodesic theory were detected 
in numerical simulations of electrostatic drift-wave 
turbulence.

● Lagrangian vortices contain ~ 50% or less of the 
total kinetic energy in drift-wave turbulence in 
plasmas.
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