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A TALE ABOUT TRANSFER PROPERTIES OF INVISCID CONSERVED QUANTITIES, KINETIC
ENERGY, HELICITY ENSTROPHY, MAGNETIC HELICITY ETC...

Q1: HOW TO PREDICT THE DIRECTION OF THE TRANSFER (FORWARD/BACKWARD) AND ITS
ROBUSTNESS UNDER EXTERNAL PERTURBATION (FORCING/BOUNDARY CONDITIONS)?

Q2: HOW MUCH THE FLUCTUATIONS AROUND THE MEAN TRANSFER ARE INTENSE AND
SELF-SIMILAR (INTERMITTENCY AND ANOMALOUS SCALING) ?

AS A MATTER OF FACT, FOR 3D NAVIER STOKES EQUATIONS, WE DO NOT KNOW HOW TO
PREDICT NEITHER THE SIGN OF THE MEAN ENERGY TRANSFER NOR THE INTENSITY OF
THE FLUCTUATIONS AROUND IT.

MOTIVATIONS:

ENERGY	(3D)/ENSTROPHY(2D)ENERGY	(2D/3D)/MAGNETIC	HELICITY(3D)



EXPLORING	THE	ROLE	OF	
MIRROR	SIMMETRY

- ROLE	OF	KINETIC	HELICITY	IN	THE	REVERSAL	OF	THE	MEAN	ENERGY	FLUX	IN	3D	NAVIER-STOKES
(FORWARD/BACKWARD)

- IMPLICATION	FOR	THE	SMALL-SCALES	REGULARITY	OF	THE	NAVIER-STOKES	SOLUTIONS

- EMPIRICAL	OBSERVATION	ON	ROTATING	TURBULENCE

- IMPLICATION	FOR	SMALL	SCALE	INTERMITTENCY	 AND	DEVIATION	FROM	KOLMOGOROV	1941	SCALING

- ROLE	OF	MAGENTIC	HELICITY	IN	THE	FORMATION	OF	LARGE	AND	SMALL	SCALES	DYNAMO	IN
MAGNETOHYDRODYNAMICS



3D HOMOGENEOUS AND ISOTROPIC TURBULENCE
FLUCTUATIONS: SMALL-SCALES INTERMITTENCY
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L.	B.,	G.	Boffetta,	A.	Celani,	B.	Devenish,	A.	Lanotte	and	F.	Toschi PRL 93, 064502,	2004
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MULTIFRACTAL	 PREDICTION	FOR	ACCELERATION

Multifractal 
prediction

Dissipative	Euler	
Solution	<->	Convex	integration	->
Multifracral weak	solution	of	Euler	Eqs.
De	Lellis,	Szekelyhidi et	al.



How to switch from 3D	to 2D	?

INVERSE	ENERGY	CASCADE	
UNDER	ROTATION		

3D	->	2D
HELICITY	ENHANCEMENTS

P.D.	Mininni and	A.	Pouquet.
Phys.	Rev.	E 79,	026304	(2009)



CONFINEMENT	3D	à 2D

J.	Laurie,	G.	Boffetta,	G.	Falkovich,	I.	Kolokolov,	
and	V.		Lebedev PRL 113,	254503–2014



Q:	CAN	WE	DISSECT	3D	NS	EQUATIONS	 TO	EXTRACT	
INTERESTING	INFORMATION	FROM	ITS	ELEMENTARY	
CONSTITUENTS?	







HELICAL	TRIADIC	INTERACTION	 IN	THE	NAVIER_STOKES EQS



TRIADIC	INTERACTION	 IN	DECIMATED	NAVIER_STOKES EQS

HOMOCHIRAL



LOCAL	BELTRAMIZATION	 (IN	FOURIER)

HOMOCHIRAL	3D	NAVIER	STOKES	EQS.

decimated-NSE
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L.B.,	S.	MUSACCHIO	&	F.	TOSCHI	Phys.	Rev.	Lett.	108		164501,	2012.	

HOMOCHIRAL	3D	NAVIER	STOKES	EQS.



ESISTENCE	AND	UNIQUENESS	OF	WEAK	SOLUTIONS	OF	THE	HELICAL-DECIMATED	NSE

HILBERT-NORM	COINCIDES	WITH	THE	SIGN-DEFINITE	HELICTY

CONSERVATION	HELICITY:	NEW	APRIORI	BOUND	ON	THE	VELOCITY

L.B. E.	TITI,	 	J.	Stat.	Phys.	(2013)

HOMOCHIRAL	3D	NAVIER	STOKES	EQS.



WITH	G.	SAHOO	AND	P.	PERLEKAR	(unpublished)



TRIADIC	INTERACTION	 IN	STOCHASTICALLY	 	DECIMATED	NAVIER_STOKES EQS



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

TRIADIC	INTERACTION	 IN	STOCHASTICALLY	DECIMATED	NAVIER_STOKES EQS



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

TRIADIC	INTERACTION	 IN	STOCHASTICALLY	DECIMATED	NAVIER_STOKES EQS

RECOVERY	OF	MIRROR	SYMMETRY	



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

TRIADIC	INTERACTION	 IN	STOCHASTICALLY	DECIMATED	NAVIER_STOKES EQS

FULL	NS HOMO	CHIRAL



TRIADIC	INTERACTION	 IN	REWEIGTHED		NAVIER_STOKES EQS



TRIADIC	INTERACTION	 IN	REWEIGHTED		NAVIER_STOKES EQS

WITH	G.	SAHOO	AND	A.	ALEXAKIS	(PRL		 118,	164501,	2017)
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CONCLUSIONS

ROLE	OF	HELICITY	IN	THE	FORWARD/BACKWARD	 3D	ENERGY	TRANSFER	(FOURIER)

ROLE	OF	HOMO-CHIRAL	TRIADS	VISIBLE	ALSO	IN	ROTATING	TURBULENCE

EXISTENCE	OF	A	SHARP	PHASE-TRANSITION	BAKWARD/FORWARD	 IF	SOME	
NON-LINEAR	INTERACTION	ARE	 	REWEIGHTED

HETERO-CHIRAL	 TRIADS	PLAY	A	SINGULAR	ROLE	FOR	INTERMITTENCY	 IF	PARTICIPATING	WITH	THE	CORRECT	PREFACTOR

IMPLICATION	FOR	REGULARITY	OF	SOLUTIONS

IMPLICATION	FOR	SMALL	AND	LARGE	SCALE	DYNAMO

IMPLICATION	FOR	REAL-SPACE	INTERMITTENCY	AND	ENERGY
BACKSCATTER?	



local beltrami flows
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2 Invariants (positive	definite)

2 invariants (only one positive	definite)
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HELICITY?

WHERE	DOES	ENERGY	GO?





TRIADIC	INTERACTION	 IN	REWEIGTHED		NAVIER_STOKES EQS



backscatter

SUB	GRID	ENERGY	TRANSFER:

SUB	GRID	/REYNOLDS	STRESS:



WITH	M.	LINKMANN,	G.	SAHOO,	MMCKAY	AND	A.	BERERA	AJP	2017



LORENTZ

ADVECTION	+	STRETCHING





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

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




