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Motivation

Can we develop a
general theory of
the dynamics of
turbulent flows and
the motion of gran-
ular materials?

So far, such “nonequi-

librium systems” defy
the tool kit of statisti-
cal mechanics, and
the failure leaves a
gaping hole in

AVAAAS physics.

JWHAT DON'T WE KNOW

Will mathematicians unleash
the power of the Navier-Stokes
equations?

First written down in the 1840s,
the equations hold the keys to
understanding both smooth and
turbulent flow. To harness them,
though, theorists must find out
exactly when they work and under
what conditions they break down.

So much more to know... Science 309, 5731 (2005), 78-102
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Plasma Blob

FIG. 1. Sketch of a plasma blob showing the charge pa
respansible for the radial transport.

Antar, G. Y., Counsell, G., Yu, Y., Labombard, B.,
Devynck, P. Universality of intermittent convective
transport in the scrape-off layer of magnetically confined

devices. Physics of Plasmas 10, 2 (2003), 4197
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Some theoretical results for a simple map

Tpt1 = (1 — e)rzp(1 — xy) + W S(z) = <:U3>/<332>3/2
Ori1 %pxn sin (27w ¢y,) J K(x) = (x4)/<x2>2
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Galuzio, P., Lopes, S., dos Santos Lima, G., Viana, R., Benkadda, M. Evidence of
determinism for intermittent convective transport in turbulence processes.
Physica A: Statistical Mechanics and its Applications 402, 0 (2014), 8 — 13.”
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UDV and on-off intermittency

Time distribution of the laminar
states (the time between two ejection
events):

Tl/

tonros T pequeno;
Estouros

T grande.

Orbita Periédica Transversalmente Instével
Variedade Invariante 3 ’/
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The nonlinear Schrédinger equation

’L\I/t

— g|UPT =0
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The nonlinear Schrédinger equation

iUy — Wy — g| V)P0 =0 (2)

@ Periodic boundary conditions: ¥(z,t) = ¥(z + L,t)
o External energy source — periodic forcing ee~'?;
@ linear damping term 7.
iUy — W — g|UPPT = ce 1t _ iy, (3)
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The nonlinear Schrédinger equation

Wy — Uy — g|TPT =0 (2)

@ Periodic boundary conditions: ¥(z,t) = ¥(z + L,t)
o External energy source — periodic forcing ee =¥t
@ linear damping term ~.
iUy — Tyy — g2 = ee ™t — 4T (3)
Variable changing : ¢(z,t) = ¥(z, )’

1t — Ygg — (g‘¢|2 _92)¢= € — ivY. (4)J
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The Schrodinger nonlinear equation

Mass
i ! 3 2
= Z/_g Y[ dz, (5)
Energy
L 2
_l ’ — (9_¢ Q 4 02 2
E_L/_g< ‘M‘JrQWJI 02|y | da, (6)
Hamiltonian
1 % aw 2 g A \ )
H:Z/_g ‘% — S+ QW — e +97) | de,  (7)
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Integral of the motion when ¢ = =0
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General dynamics

6
(a) (b)
3=
5
\ =
0
— o ~ o3
— ‘\ Py
e t
6 T(<107) 2 ! 4t/

= D¢

o 5
Lopes, S. R. (Fisica — UFPR) Intermittent onset of turbulence and cont



General dynamics UEPR
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General dynamics
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General dynamics UEPR
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General dynamics
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General dynamics UEPR
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General dynamics
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Lyapunov exponents
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Intermittency € = 0.3
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Conditional average — ¢ = 0.3
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Inter- Bursts distributions — € = 0.3
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Positive fraction of finite time Lyapunov exponents
FTLE for e = 0.10(a,,) € = 0.30(b,,) € = 0.45(c,,)
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Positive fraction of finite time Lyapunov exponents Grpr
FTLE for e = 0.10(a,,) € = 0.30(b,,) € = 0.45(c,,)
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Low dimension chaotic attractor

Notation: |, (t)| = &,

Componente Transversal

o Longitudinal components:

60’517"'7{/\[—1

Chaotic attractor: A

@ Transversal components:
& §N7§N+17"'a£N

Burst: condition &y > 1 )

Componente L

&
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Estouros
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2D PDFs of the projections the phase space
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2D PDFs of the projections the phase
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Control of extreme events

UFPR

Perturbation: (&0, £1)max(pp,pa) = (0-60,0.20) — d < 0.005;
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Control of extreme events

Perturbation: (&0, &1)max(pg,pa) = (0-60,0.20) — d < 0.005;

Harmonic signal: Wave vector number equal to 27 /L;
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Control of extreme events

Perturbation: (&0, &1)max(pg,pa) = (0-60,0.20) — d < 0.005;
Harmonic signal: Wave vector number equal to 27 /L;
Amplitude: G(pu = 0,0 =2 x 1072);
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Control of extreme events

Perturbation: (&0, &1)max(pg,pa) = (0-60,0.20) — d < 0.005;
Harmonic signal: Wave vector number equal to 27 /L;
Amplitude: G(u = 0,0 =2 x 1072);
Local dissipation: In order to make sure the system energy will stay
constant.
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Control of extreme events

Perturbation: (&0, &1)max(pg,pa) = (0-60,0.20) — d < 0.005;
Harmonic signal: Wave vector number equal to 27 /L;
Amplitude: G(u = 0,0 =2 x 1072);
Local dissipation: In order to make sure the system energy will stay
constant.

Interval of time for the perturbation: 3.7% of the integration time.
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— Without control —— With control
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Conclusions
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@ Intermittent transition temporal chaos — Turbulence;
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Conclusions

@ Intermittent transition temporal chaos — Turbulence;

@ Fourier spectrum of the system in the high level energy state is
consistent with a turbulent flux;
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Conclusions

@ Intermittent transition temporal chaos — Turbulence;

@ Fourier spectrum of the system in the high level energy state is
consistent with a turbulent flux;

@ time distribution of laminar states is a signature of on-off

intermittency;
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Conclusions

@ Intermittent transition temporal chaos — Turbulence;

@ Fourier spectrum of the system in the high level energy state is
consistent with a turbulent flux;

@ time distribution of laminar states is a signature of on-off
intermittency;

@ Due to UDV the problem has localized unstable regions;
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Conclusions

@ Intermittent transition temporal chaos — Turbulence;

@ Fourier spectrum of the system in the high level energy state is
consistent with a turbulent flux;

@ time distribution of laminar states is a signature of on-off
intermittency;

@ Due to UDV the problem has localized unstable regions;

@ The control makes possible to prevent a great number of extreme
events in the system.
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