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Turbulent Flows
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System out of equilibrium

Strongly not Gaussian energy transfer from
large to small scales

Extreme events in computational turbulence
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Burgers' equation
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Burgers' equation
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Fourier Space Energy spectrum:
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Phases must be the responsible of the singular energy focusing
(small scale shock formation).

Question: How many degrees of freedom do we need?

Reduce to learn!



Phases must be the responsible of the singular energy focusing
(small scale shock formation).

Question: How many degrees of freedom do we need?
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Phases must be the responsible of the singular energy focusing
(small scale shock formation).

Question: How many degrees of freedom do we need?

10 100 1000 10000
k [log]

100 T — T — T — T — T

1o —“ fffffffffffffff ffffff : vz, t) =Y e*O(k)alk,t)

F ool XL kez
= 00001 0(k) = 1 with probability hy ~ (k/ko)P~t
E/ 0 with probability 1 — hy

le-06

le-08

k
: : | | Hdof = / O(k")dk" o kP
le-10 . T : — L | L Lo . 0
1 10 100 1000 10000

k [log]

D is the system dimension; 0 < D <1

Frisch, Pomyalov, Procaccia, and Ray. Turbulence in non-integer dimensions by fractal Fourier decimation. Phys. Rev. Lett. 108, (2012).



Real space evolution at changing of fractal dimension:
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Fourier space Burgers' equation + Forcing
Triadic Interactions
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Amplitude - Phase representation:
i = ar(t)e'?*") where; ax(t) = lax(t)|,  @r(t) = arg ax(t)

Energy flux towards small scales through k:
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Key degrees of freedom: Triad dynamical phases
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Energy fFlux towards small scales through k:
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Triad dynamical phase Precession

» Recall Triad dynamical Phase:

O 1o (1) = b1y () + Py (1) — iy (1)

» Define the Precession of a triad's phase:
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Joint PDF, Amplitude - Precession
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Conclusions

We studied the evolution of forced Burgers' equation under mode reduction in
Fourier space.

1) Energy transfer is strongly dependent on the mode reduction protocol.
2) Energy focusing is the result of a global phase correlation in Fourier space.

3) Highlights difficulties For modelling.

4) Potential inspiration to search for similar phenomena in Navier-Stokes
equations.

M. Buzzicotti , B.P. Murray, L. Biferale, M.D. Bustamante. The European Physical Journal E, 39(3), 1-9, (2016).









Modes Reduction, Fractal Fourier decimation:
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- . Decimation Main Properties:
Decimated Burgers equation:
1) The space dimension can change continuously
(’9tv(x, t) + Pp [vng(x’ t)] — 2) The original symmetries of the system are kept

3) It acts as a Galerkin Truncation without the
introduction of any characteristic scale

= v0> v(x,t) + Fp

4) The numerical evolution can be obtained via a psedu-
specral code

Frisch, Pomyalov, Procaccia, and Ray. Turbulence in non-integer dimensions by fractal Fourier decimation. Phys. Rev. Lett. 108, (2012).
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