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EXPERIMENTS	IN-SILICO:	
CAN	WE	ASK	QUESTIONS	ABOUT	THE	ENERGY	TRANSFER	EVENTS	

(BOTH	TYPICAL	AND	EXTREME)	
BY	DECIMATING	INTERACTIONS	IN	THE	NON	LINEAR	TERM?		

3D		HOMOGENEOUS	AND	ISOTROPIC	TURBULENCE	

L.	B.	et	al		Phys.	Rev.	Le+.	93,		064502,	2004.	







spatio-temporal Richardson cascade 





How	many	(and	which)	degrees	of	freedom	do	we	need	to	preserve	the	main		
staRsRcal	properRes		of	NS	turbulence?		



LOCAL	INTERACTIONS	

NON-LOCAL	INTERACTIONS	
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LARGE	EDDY	SIMULATION	
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DECIMATED	WITH	PROBABILITY		~		

		

?	



U.	Frisch,	A.	Pomyalov,	I.	Procaccia	and	S.	Ray	PRL	2012	
S.	Grossmann,	D.	Lohse	and	A.	Reeh,	PRL	1996	

SELF-SIMILAR	GALERKIN	TRUNCATION	

HOMOGENEOUS	&	ISOTROPIC	&	SELF-SIMILAR	(NO	EXTERNAL	SCALES)	
ENERGY	&	HELICITY	INVISCID	INVARIANTS	
REAL	PDE	(INFINITE	NUMBER	OF	DEGREES	OF	FREEDOM)	



INVERSE	ENERGY	CASCADES	IN		3D	(!	2D)	?	

by	geometrical	constraints		



Enstrophy	equiparRRon	:		
5/3	Kolmogorov	spectrum	
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LOCAL	TRANSFER	
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L.B.	Annu.	Rev.	Fluid.	Mech.		35,	441,		2003		



DF	 2.5	 2.8	 2.98	 2.99	 2.999	 3.0	

1024^3	 X	 X	 X	 X	 X	 X	

2048^3	 X	 X	

DF	 2.5	 2.8	 2.98	 2.99	 2.999	 3.0	

1024^3	 3%	 25%	 87%	 93%	 99%	 100%	A.S.	Lano)e,	R.	Benzi,	L.B,	S.	Malapaka	and	F.	Toschi	PRL	2015		



PDF	OF	VORTICITY	AT	CHANGING	FRACTAL	DIMENSION	
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THE	SIMPLEST	CASE	





















	 	 FRACTAL	DECIMATION:	MILDEST	REMOVAL	OF	DEGREE	OF	FREEDOM	
	 	 	 	 HOMOGENEOUS	&	ISOTROPIC	&	SELF	SIMILAR	

+				QUANTIFY	IMPORTANCE	OF	LOCAL	VS	NON-LOCAL	TRIADIC	INTERACTIONS	

+/-	QUANTIFY	IMPORTANCE	OF	#DOF	FOR	VORTEX	STRETCHING	

+				CORRECTION	IN	THE	MEAN	RESPONSE		(SPECTRUM)	PROPORTIONAL	TO	3-DF:	YOU	CAN		
						HAVE	A	LITTLE	CHANGE	IN	THE	SPECTRAL	PROPERTIES	AND	STILL	GAINING	IN	THE	#DOF	

+				CORRECTION	TO	FLUCTUATIONS:	HUGE.	SMALL	SCALE	VORTICITY	IS	STRONGLY	SENSITIVE	

							TO	DECIMATION.	“CHOERENT”	SMALL-SCALE	STRUCTURES	FEEL	GLOBAL	CORRELATIONS	
							ACROSS	SCALES	IN	FOURIER:	BAD	NEWS	FOR	MODELING	PEOPLE	

+		HOW	TO	BRING	INTERMITTENCY	BACK	TO	NS	EQUATIONS?	

+	CONCEPTUALLY	DIFFERENT	FROM	KINEMATIC	SIMULATIONS	(FLUX)	

+	WHAT	ABOUT	LAGRANGIAN	DYNAMICS?	

-		WE	STILL	MISS	A	CLEAR	DEFINITION	OF	INTERMITTENCY	IN	FOURIER	SPACE	->	BACK	TO		“CHOERENT	
STRUCTURES”	

CONCLUSIONS	


