On the effects of helicity on turbulent flows

Luca Biferale
Dept. Physics, INFN & CAST
University of Roma “Tor Vergata’

biferale@roma2.infn.it

10"

100 ¢

~"time increasing

10° 10’ 10°

Credits: S. Musacchio (CNRS-France); F. Toschi (University of Eindhoven, The
Netherlands); E. Titi (Weizmann Institute of Science, Israel), F. Bonaccorso and G.
Sahoo (U. Tor Vergata, Italy)



HOW TO USE UNCONVENTIONAL NUMERICS TO UNDERSTAND AND
MODEL EULERIAN TURBULENCE IN 2D, 3D (AND IN BETWEEN)

Q: CAN WE DISSECT (AND RECONSTRUCT) NS EQUATIONS
TO EXTRACT INTERESTING INFORMATION FROM ITS
ELEMENTARY CONSTITUENTS?
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WHERE DOES ENERGY GO?

2D

INVERSE

2 Invariants (positive definite)

ENERGY
CASCADE A
Z
&)
O
| | DIRECT
— | | ENSTROPHY
— 1 | cAscADE
>
2 invariants (only one positive definite)
A
Z
&)
= \
@)
— \ DIRECT HELICITY?
= ENERGY
CASCADE




Nat Phys. 2011

CONFINEMENT 3D - 2D
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How to switch from 3D to 2D ?

P.D. Mininni and A. Pouquet.
Phys. Rev. E 79, 026304 (2009)
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ON THE ROLE OF HELICITY IN 3D FORWARD/BACKWARD ENERGY CASCADES

1) We show that ALL flows in nature posses a class of nonlinear
interactions characterized by a backward energy transfer (inverse
energy cascade), triggered by the dynamics of Helicity, and that
this happens even in fully isotropic, homogeneous 3D turbulence

2) Connections to small-scales intermittency
3) Connections to regularity of NS equations in 3D

4) Extensions to Magnetohydrodynamics
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TRIADIC INTERACTION IN THE WHOLE NAVIER_STOKES EQS
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TRIADIC INTERACTION IN DECIMATED NAVIER_STOKES EQS
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TRIADIC INTERACTION IN DECIMATED NAVIER_STOKES EQS

ORWARD




TRIADIC INTERACTION IN DECIMATED NAVIER_STOKES EQS

MAINLY BACKWARD

M. De Pietro, L.B., A. A. Mailybaev
Phys. Rev. E 92, 043021 (2015)




TRIADIC INTERACTION IN DECIMATED NAVIER_STOKES EQS

ONLY FORWARD
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LOCAL BELTRAMIZATION (IN FOURIER)
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L.B., S. MUSACCHIO & F. TOSCHI Phys. Rev. Lett. 108 164501, 2012.




LARGE SCALES FORCING: DIRECT HELICITY CASCADE

forcing

L. B., S. Musacchio and F. Toschi
J. Fluid Mech. 730,309 (2013)
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ESISTENCE AND UNIQUENESS OF WEAK SOLUTIONS OF THE HELICAL-DECIMATED NSE

HILBERT-NORM COINCIDES WITH THE SIGN-DEFINITE HELICTY

191|172 = Zklg )|

CONSERVATION HELICITY: NEW APRIORI BOUND ON THE VELOCITY

L.B. E. TITI, J. Stat. Phys. submitted (2012)



FROM NS TO FULLY-HELICAL

G. Sahoo, F. Bonaccorso and L. B.
Phys. Rev. E (2015)




NEGATIVE (OPPOSITE SIGN) HELICAL MODES -> CATALYZER

G. Sahoo, F. Bonaccorso and L. B.
Phys. Rev. E (2015)




TRIAD-BY-TRAID BACKWARD -> HELICAL CONDENSATE ON THE MINORITY MODES

G. Sahoo, L.B. Eur. Phys. J. E (2015) 38: 114.




TRIAD-BY-TRAID FORWARD

G. Sahoo, L.B.
Eur. Phys. J. E (2015) 38: 114.




*ALL 3D FLOWS IN NATURE POSSES A SUBSET OF INTERACTIONS RESPONSIBLE OF INVERSE
(QUASI-GAUSSIAN) ENERGY CASCADE AND FORWARD (NON-GAUSSIAN) HELICITY CASCADE

*SUCH DECIMATED NS EQUATIONS ARE ‘MORE’ REGULAR THAN THE WHOLE SYSTEM:
EXISTENCE AND UNIQUENESS OF SOLUTIONS CAN BE PROVED

*EXACT EQUATIONS (a la Karman-Howart) FOR THRID ORDER CORRELATION FUNCTIONS CAN
BE DERIVED

* MINORITY MODES WITH (OPPOSITE) HELICITY SIGNS -> CATALYZER FOR THE FORWARD
ENERGY TRASFER

* INTERMITTECY STRONLGY SENSITIVE TO HELICAL MODE REDUCTION

*WHAT ABOUT SIMILAR GAMES FOR MHD?




