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Définition: Turbulence desctibes the state of a fluid (liquid or
gas) in which velocity is in a swirling state.




Vortices in the Universe...

Figure 1.1: Vortices affect fluid behavior on all scales. (a) quantum vortices in a superfluid
[130] (b) bathtub vortex [152] (c) tornado [109] (d) hurricane [106] (e) sun spot vortices
[110] (f) spiral galaxy [105] (numbers approximate)

R. Fuchs, PhD thes



Turbulences or vortices?

07/10/17 06Z Eugene

. P———
oS me.cam W IITHMMNT  Memewh Sapeiry

Bérengére DUBRULLE Paris, 29 Octobre 2024



Why turbulence is famous (practice)...
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Why turbulence is famous (maths)...

PDE’s of fluid dynamics Burgers Equation

Ot + U0, U = VO, U

(Navier-Stokes without vorticity)
Navier-Stokes Equations

oiu+u-Vu=—-Vp+rvAu

Euler Equations

oiu+u-Vu=—-Vp

(Navier-Stokes without viscosity)



(f)

Burgers: d;u +
uou = vAu

— ~10'm




The

Greatest

MITTENNIUM womemase

Puzzles

Problems .

HOME ABOUT CMa PROGRAMS | NEWS A LVENTS | AWARDS SOWLARS PUBLICATIONS

Navier-Stokes Equation

Waves folow cur boat &% we meander across the ke, and turtulet a

currents follow our Mght in 3 Madem jet. Mathematiclang and physicars televe

that an expl tion for and the prediction of both the breeze and the turbylence
can be found through an understanding of solutions to the Navier-Stokes
eguations, Athcugh these equations were written down In the 19th Certury, our
understanding of them remairs minimal. The chalenge Is to make substantial
progress tomard 3 mathematical thedey mhch will unloc the secrets hidden in

the Navier-Stokes eguations
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Stochasticity of turbulence
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Stochasticity of turbulent flows

Gyre Turbulence (Vortex Gas Regime)
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Stochasticity of turbulent flows ‘
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Stochasticity of turbulent flows
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Stochasticity of turbulent flows

WindSpeed, WindGust
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Stochasticity of turbulent flows
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Mean Temperature
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Stochasticity of turbulent flows
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Scale hierachy of turbulence
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Scale hierachy
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Scale hierachy
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Scale hierachy
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Scale hierachy
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22

10*

10¢

102

<)_ $(x)

(T

vy

$lx)

s 4 i
h
EN
. 2 b=
02 | & Y=
o
.Q.‘
- <.
- L

[ L S

10-2 10-1 1

=3

cg=x(¥]eoh

Fig. 6.2. The turbulence spectra, measured by Grant, Stewart and Moilliet
(1962) and scaled according to the Kolmogorov parameters. The viscous
dissipation rate 6, varied over a range of values of the order 100. The straight
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Intermittency of turbulence

Nom de l'auteur Lieu, date
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Space intermittency: Breaking of the space translation symmetr;;
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Time Intermittency: breaking of the time translation
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Time Intermittency: breaking of the time translation
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The transport regimes of turbulence

Nom de l'auteur Lieu, date
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Sailing with the Ducks
TRACERS OF TURBULENT FLOW

sea. The cargo that spilled into the ocean was 28,000 plastic duck bath toys.

Those toys have been following ocean currents ever since reaching every continent but
Antarctica, including surviving the Arctic Ocean and moving around North America to reach

the British Isles.

Scientists have been using the data collected from ships spotting the yellow tide or duckies
washing ashore to study ocean patterns and how long it takes for them to navigate the globe

https://en.wikipedia.org/wiki/Friendly Floatees_spill
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The plastic vortex
CAPTURE BY TURBULENCE
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Sailing with the Ducks
TRANSPORT BY TURBULENCE

Ducks are transported by current

- Warm-water current = Cold-water current



Drifter in oceanic vortices
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Drifter in oceanic vortices
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Drifter in oceanic vortices
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2001-03-1203 UTC

Dispersion des particules radioactives de Fukushil



Particle dispersion: one point statistics
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How does a cloud of
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Particle dispersion: two point statistics
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Sailing with the Ducks
TRANSPORT BY TURBULENCE

Ducks are transported by current

Ballistic motion

< Az? >~ (oy,t)?

< 6R? >~ R/*#?

- Warm-water current = Cold-water current



Drifter in oceanic vortices: chaotic motion
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Dispersion of particles in atmosphere: Richardson law
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Why turbulence is usefull (or not?) Theoretical

BALLISTIC/CHAOTIC VS TURBULENT MIXING

B, 7:{‘7

Diffusive time

Air
104 km

40

1073 years

10" years

10'? years

Observed
mixing time

9 month

A few
days

A few
days



Why turbulence is usefull
CHAOTIC VS TURBULENT MIXING

Bérengére DUBRULLE Paris, 29 Octobre 2024
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Irreversibility of dispersion
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Lagrangian irreversibility

Irreversibility

Dy = _lim (((6X;7)%) —((6X;7)?))/6T°

7,7—(0,0)

J. Jucha et al. PRL (2014)

Cheminet et al, PRL 2022



Eulerian vs Lagrangian local dissipation

Eulerian Lagrangian

-0.1 0 0.1

Cheminet et al, PRL, 2022 -




Dissipation of turbulence
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Coherent structures and Dissipation

Random scales contain most of the energy
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Coherent structures and Dissipation

Dissipation is due to random scales
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Statistics of Dissipation in the ocean
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Bifurcations in turbulence
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Local (AMOC) bifurcations
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