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Large-scale instabilities of helical flows

System

atu=vAu+F—((u~V)u+VP) and V-u=0. (1)

u: velocity field

p: pressure field
F: force field

°
°
°
@ v: viscosity

Flow regime

| A\

@ Parameter: Re= U¢/v ~ 1: laminar

@ Helical flow consequence: ((u- Vu+ VP) <VvAu




Published Results
00@0000000

Physical Review Fluids

Non-linear: spectrum

Large scale peak
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Non-linear: bifurcation

Large scale bifurcation for sufficient scale separation

1.0progg— KRR
0.8} K5y
o X X X vvvvvvvvvv X
0.6 V.
E “,
)
0.4f Ty,
TT*X KL=1 | T P
++ KL=5 | . R
0.2@-0 KL=10
0o ra| (i
0.0
0 5 10 15 20 25 30



Published Results
0000@00000

Physical Review Fluids

Linear Floquet transformation

Change of variable

u=U+v and v=9"+c.c.. 2)

V.

Floquet evolution equation

00=(VxU) x0+((1q+ V) x D) x U= (1q+ V)p+v(—-¢ + N (3)
0=19-7+V . (4)

v
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Linear Floquet: AKA theory

@ AKA: Anisotropic Kinetic Alpha effect

@ Large scale instability happening at Re <« 1.

Growth rate

() =v(0)e’" with o=ag-vq, (5)

i

(o/q)

a x ReU, thus
Uo

x Re. (6)

A\
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Linear Floquet results: AKA

Test on the flow from Frisch et al., Physica D 1987
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Linear Floquet results: Negative viscosity

Growth rate

() =9(0)e’" with o=p¢F-vq =B-V¢. @)

| A

Measurement

Box Rv and f=

(ol)+v -

v

Threshold Independence on g

@ All modes are unstable when 8 > v

o Identical critical Reynolds number for every scale separation

\
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Linear Floquet results: ABC flow

Study of the ABC flow which is AKA-stable
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Match linear and non-linear theory

Large scale bifurcation for sufficient scale separation
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Fate of Alpha Dynamos at Large Rm

Evolution equation

0:B=Vx(uxB) +nAB and V- -B=0. 9)

o u: velocity field

@ B: magnetic field

e 7: magnetic diffusivity

Flow regime

o Parameter: Rm=U/¢/n~1
o Growth rate: b(f) = b(t = 0)e"?
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Growth rate results

Small Scale dynamo v. large scale dynamo

0.075 [ @
0.050
0.025
0.000 w5
~0.025 3y ‘ % Hoquet
0.075
0.050
7 0.025
0.000
—0.025
0.150
0.100
0.050 wn (), 50
0.20
0.000 — 005
0.050 —0.02
10! 10? — . 10

BRm X Floquet




Published Results
[eeTeY Yolele}

Physical Review Letter

Growth rate explanation

Without scale separation
@ Before small scale instability Rm < Rm‘: yssp <0

o After small scale instability Rm® < Rm: yssp >0

With scale separation

@ Before small scale instability Rm < Rm‘: y = aq—nq*

o After small scale instability Rm® < Rm: y = yssp >0
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Growth rate

Small Scale dynamo v. scale separation
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Method
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Energy distribution
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Overview

@ GHOST: Geophysical High Order Suite for Turbulence
o TYGRES: TaYlor-GREen, Symmetric
o FLASHYy: Floquet Linear Analysis of Spectral Hydrodynamics

<

o Language: Fortran 99
e Paralization: MPI, open MP
e Type of DNS: HD, MHD and GPE

@ Numeric method: pseudo-spectral method with RK scheme

Geometry: cubic

Boundary: periodic
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Equations

Navier-Stokes equation

atuszu+F—((u~V)u+VP) and V-u=0.  (10)

o u: velocity field.
@ vV : viscosity.
o F: force field.

@ P:reduced pressure.

@ The real pressure is p = poP with pg the density.
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Numeric implementation

Navier-Stokes equation

[0:u]=vAu~+F - ((u-V)u+VP) and V-u=0. (11

@ Use Runge-Kutta method to perform the‘ time evolution ‘

@ Compute linear terms | vAu+ F |in Fourier space.

e Compute non linear terms ((u~ Viu+ VP) in physical space.
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Fourier Transform

Bottleneck
Back and Forth Fourier transform

Optimization

o Use Fast Fourier Transform package (FFTW): 6(NIn N).
@ Reorder the data by slabs to compute.

e Use 1/3 truncation to avoid aliasing.
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For a simulation in a cube with an N x N x N resolution.

o Global quantities: energy, helicity, enstrophy, etc. . (1)

Spectral quantities: energy spectrum, helicity spectrum. & (N)

“Isotropic quantities”: velocity sheets. 0O (N?)

Restart: velocity block. @ (N3)
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Isotropic quantities: velocity sheets

Data coming from the plane at k;y =0, k, =0, k; =0

Purpose

If the quantity is isotropic, we can guess the value in the bulk.

Application

Store the data at frequent time-steps
then compute spatio-temporal spectrum.
Measure temporal properties of flows.
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Power-spectrum
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Correlation function
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Perspectives

Conclusion

Beyond the AKA instability
o Results of the Fr87 flow at Re ~ 1.
o Analysis of AKA-stable flow.

@ Observation of the non-linear consequence.

Property of dynamo instabilities at the small-scale threshold

o New model to describe the distribution of energy.
@ Test on three flows (helical, non-helical, random).

o New description of the growth rate at large Rm.
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Large scale effect in turbulence Re> 1

Large scales properties of turbulence

@ Use power-spectrum to measure the correlation time of the
modes of velocity.

@ Build a semi-analytic model.

e Compare with existing theory.
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Thanks you for your attention

Publication

o Large-scale instabilities of helical flows,
Phys. Rev. Fluids 1, 063601
— Published 3 October 2016

o Fate of Alpha Dynamos at Large Rm,
Phys. Rev. Lett. 117, 205101
— Published 8 November 2016

o The effect of helicity on the correlation time of large scale
turbulent flows,
arXiv:1705.05281
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