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A few questions on energy dissipation in turbulence, with or w/o waves:
Rotating stratified flows, MHD, solar wind, galaxies ...

« 1- How much global energy dissipation in a turbulent fluid (with or w/o magnetic field) ?
e Role of exact laws to measure dissipation, and role of bi-directional cascades

e 2- How much global energy dissipation in wave turbulence ?

« 3- How much local energy dissipation in a turbulent fluid in the presence of waves (intensity vs. localization) ?

o 4- Statistical properties of kinetic energy dissipation: a link between its third- and fourth- order moments



Equations & definitions: rotating stratified flows
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Skewness and excess kurtosis (both O for a Gaussian distribution):

Sy = <V3> / <V2>3/2, Ky = <V4> / <v2>2 —3; Ky(Sy) = ayS% + by
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Exact Kolmogorov (1941) law

 Starting point: Invariants (v=n=0): total energy,
magnetic helicity & cross-helicity in 3D-MHD, ...

e Assumptions: homogeneity, stationarity and large
Reynolds number, together with finite dissipation g,
as well as incompressibility and full isotropy
(but not always: Galtier-Banerjee)

e Fluids: Kolmogorov 1941; Antonia+ 1997;
2D: Lindborg-99. Passive scalar: Yaglom, 1949

e MHD: Politano+1998ab, Banerjee+ 2016, 2017,
2D: Caillol, unpublished.

e Compressible: Banerjee+’13,14, Kritsuk 23, ...

e Helical laws for fluids, MHD & Hall-MHD:
Gomez+ 00, Politano+ 03, Banerjee+ 16,17

e Helical sub-invariants (Alexakis, 2017)
e Helical MHD case ?

e Non-linear models of small-scale dynamics:
EDQNM (fluids: Briard+17), alpha-models for
fluids & MHD: Graham+ 2006, 2008.

. MHD closure case ?

* Beyond Hall & e-MHD: 2D-3C; 2-fluid; extended MHD ?

ouy(r) =u(x +r) — u(x)
S5(r) =< 5uL3(r) > —

*

Seven points
(1): Exact
(2), ESS:

highXrder structur
funktions scaling

ithr &> Yy,

4

Ss3(r) = —ze T +

> 4
(3): cascade directién

(4) measure &

(5) +: add terms (model, viscous, force)
(6): Non-Gaussianity, but not necessarily
intermittency (cf. the 2D case)

(7): More laws when more invariants?
* How do they inter-connect?
* Role of cross-correlations?



Laboratory experiments
on decaying fluid flows

R, up to 5779
Active grids

Kuchler+2023
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Laboratory experiments
on decaying fluid flows

R, up to 5779
Kuchler+2023
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Exact laws in MHD Review: Marino+ 2023

< Ov,0v;2 > +<0v,0b2>-2<0bovob. > =-(4/d) @r
I | l l ET AND HC
el =-dET ,
- <0b,8b2> - < 8b dv2 >+ 2 < dv, 6v.db > =-(4/d) @r e¢ = - d,EC

- Also in terms of Y= fluxes of Elsasser variables, with energy dissipation rates ¢+
« Three regimes: v-dominated vs. B-dominated vs. Alfvénic (v ™~ b) (cf Ting et a1 1986)

« Dynamical role of the correlation between v & b in the mixed regime (rolitano+ GRL 25, 1995; also Boldyrev, 2006):
€x= 0 for exact solutions such as (nonlinear) Alfvén waves.

« When such laws apply, the input/dissipation rates €T.C & € can be measured, e.g. in the solar

wind for different conditions. What about plasma regimes?

Politano+1998ab; Banerjee+2017
vKH in MHD: Chandrasekhar 1950
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Bandyopadhyay+ 2020
Parker Solar Probe, inner heliosphere

Y=[Y++Y]/2

Y
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Larger energy dissipation rate
closer to the Sun



Vorticity dynamics for fluid turbulence

D.w =0, w + V. Vo = ®. VV  +vVvie +VxF
advection stretching by velocity gradients  + dissipation + forcing

Model:

Dt(D = W.VV —> Vvis O(1) at early times: exponential growth of vorticity

Buaria+2018-22, strain-vorticity amplification in [12k]3 DNS
But: SO:

D.w = |w|2:explosive growth

Is there a role for the geometry of structures?



Vorticity, strain and dissipation in fluid turbulence

1 (0u; Ouj
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W =Vxu, €= 21)51']'51']', where Si]' = — (— + —) , 2Qij = ajui — aiuj
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Betchov 1956: < |S?| > =< w? > /2 =
Buaria+ 2018-2022: strain-vorticity amplification in 12k*3 DNS g
> O

Bradshaw+2019, Johnson 2020, Rafner+2021

Strain and vorticity, local and nonlocal, amplitude and geometry
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Vorticity dynamics: geometry 0,0 = Vx(VXw) +V V2 + VxF

\
Dw =0, 0+V.Vn= ®w.Vv  +VvV2w + VxF
advection stretching by velocity gradients + dissipation + forcing
Model:
D.w = w.Vv, with Vv O(1) : exponential growth of vorticity at early times
But. o~ Vv so:

D.w = |w|2: explosive growth

Is there a role for the geometry of structures?
Yes when v //w (vortex filament)
- locally weak nonlinearities and long-lived coherent structures

Review: Bradshaw+2019
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Saturation with Re of
dissipation efficiency

in fluids

(Djenidi 2017)
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normalized dissipation parameter C, in decaying turbulence
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Yeung er al. (2012), forced HIT
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On the normalized dissipation parameter C, in decayving turbulence
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Dissipation in MHD
DNS up to 10243 points

Change of regime for dominant magnetic

energy and for fully helical forcing, with
*more* dissipation
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Vasconez+21 J, H-MHD  Landau fluid Hybrid Vlasov Maxwell

Landau fluid: V, Pgerp, P/ , 0, B, heat flux Qperp & Q//. Hybrid Vlasov Maxwell: ions
are PIC, e are isothermal, quasi-neutrality; Two-fluid: ion-electron conservation Ia\Ki

—>Aspect ratio: L,/ é
—>Non-locality of interactions
—> Intermittency, non-Gaussian

vorticity and current PDFs,
as well as sometimes v & b
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Global current at early times

And at later times =
Mininni+ 2006






Ocean, measured dissipation rate € in the Hawaiian ridge («ymak+2008)
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Dissipation efficiency in rotating stratified turbulence, Ro,Fr<1

RIDDHI BANDYOPADHYAY et al.

' [ vBy=0 XBy=8 oRMHD

i S 10243 DNSs, Reynolds nb., Re ~ 8000
1 Froude number Fr = U/[LN],

Rossby nb. Ro = U/[Lf], variable N/f>2
Pouquet+ JFM 844, 2018, PoF 31, 2019

B=e/ep~Fr with ep=UL

Weak (wave) turbulence *phenomenology*

Itransfer= ":NL * [‘CNL/twave] = tNL/Fr

B = EV/SD = [Uz/rtransfer]'[L/U3] ~Fr
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JGR111 THOMPSON AND DEMIROV: SKEWNESS OF SEA LEVEL VARIABILITY 2006 C05005

Skewness

Weekly-gridded 7 years data
Topex-Poseidon+

1/3 degree res.

Error in skewness ~ 0.2

El Nifio 1997-98

Meso-scale variability




JGR111 THOMPSON AND DEMIROV: SKEWNESS OF SEA LEVEL VARIABILITY 2006 C05005

Skewness

Biri+2015
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Satellite altimetry systems are designed to map the sea surface. These systems measure the satellite-to-sea surface round-trip travel
time of radar or light pulses to determine the height of the satellite (altimetric range) above the instantaneous sea surface. The
difference between the satellite altitude above a reference surface and the altimetric range provides the sea surface height with
respect to the same reference surface. The range from the satellite to the sea surface is corrected for various components of the
atmospheric refraction and to mitigate effects caused by instrumental biases and sea state induced systematics. A number of
corrections due to different geophysical effects are also taken into account. Different products are distinguished:
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Breaking waves on a sloping beach
Longuet-Higgins 1963

K(S) for sea surface deviation
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Lenschow+, 1994: PDF = G + 0G2, G Gaussian.

Large a: PDF~ 3(S2/2 +1),S__~2.83, K

Convective Boundary Layer, S(K)
Lenschow+’12: Measurements and LES
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Lenschow+, 1994: PDF = G + 0G2, G Gaussian.

Large a: PDF~ 3(S2/2 +1),S

max

Convective Boundary Layer, S(K)
Lenschow+’12: Measurements and LES

Kurtosis

Sura+2008
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High order moments associated with FABs

1, 2.880;] - 0,008

Hamza+ 2011
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Characteristics of turbulence through

Maier+2017 : LITTLETHINGS dwarf irregular galaxies ISM )
3rd and 4th-order normalized moments of H |

Local Irregulars That Trace Luminosity Extremes: The H I Nearby Galaxy Survey

Integrated HI column density, Very Large Array

AL JOUurNAL, 153:163 (35pp). 2017 April Kurtosis Skewness




al. JOurNAL,

Maier+2017 : LITTLETHINGS dwarf irregular galaxies ISM

153:163 (35pp). 2017 April
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Characteristics of turbulence through joint
3rd and 4th-order normalized moments of H |

K=aS2 + b [Cauchy-Schwarz: K> 52 — 3]

K> S2—6/5 (Klaassen+2000, unimodal symmetric)
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Maier+2017 : LITTLETHINGS dwarf irregular galaxies ISM

153:163 (35pp). 2017 April
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Characteristics of turbulence through joint

3rd and 4th-order normalized moments of H |
K=aS2+ b [couchy-Schwarz: k=52 - 3]

K> S2 — 6/5 (Klaassen+2000, unimodal symmetric)
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Navier-Stokes: 1283, Re~200, Ry~28, 8007y, & 5123, Re~800, Ry~ 53, 807y,
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Pouquet+2019

Rotating stratified turbulence, no forcing
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40963, N/f=5, Re=55000, R, =32
Unforced rotating stratified turbulence

Vorticity magnitude, 3D projection
Co-existence of large eddies

(a signature of inverse transfer),
and strong small-scale eddies
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Rotating stratified flows at different Froude numbers, with N/f=5,80T  : w&
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Conclusions and perspectives

*Need for detailed explorations of dissipative structures in fluid, MHD and plasma turbulence
(e.g., sparseness scale as a function of dissipative scale)
* Dissipative structures not fully explored (ongoing work in MHD)

*Skewness S and excess kurtosis K as maps of nonlinear behavior
*K(S) laws in hydrodynamic turbulence, and (rotating) stratified turbulence

* Statistics: need for long-time integration, in excess of 50007z, ?

*Scaling variation for different regimes? As a trace of what change in structures?
*What intermittency do they correspond to (ongoing work in MHD)?

*That of the dissipative range?

*That corresponding to a critical shear instability

*Or other: Langevin model, SOC, ...
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