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THIS	 IS	 A	 STUDY	 ABOUT	 HIGH	 ORDER	 VELOCITY	 STRUCTURE	 FUNCTIONS	 AND	
VELOCITY	 PROBABILITY	 DENSITY	 FUNCTIONS	 IN	 TURBULENT	 ROTATING	 FLOW,	
TURBULENCE	AND	WAVES	IN		ROTATING	THANK	AND	VORTICITY	IN	ROTATING	FLUIDS:		



DNS:	A.	Pouquet,	P.	Mininni,	A.	Alexakis,	S.	Chen,	G.	Eyink	....			

NAVIER_STOKES	EQS	IN	A	ROTATING	FRAME	(NO	BOUNDARIES)	

=	

=	

ROSSBY	NUMBER		~			NON-LINEAR/ROTATION	

FORWARD	ENERGY	TRANSFER	

FORWARD	&	BACKWARD		ENERGY	TRANSFER	



Rossby	=	2			 Rossby	=	0.8	

Rossby	=	0.2	 Rossby	=	0.1			

HOMOGENEOUS		
	ANISOTROPIC	

2D	&	3D	PHYSICS	
CHOERENT	-STRUCTURES	



Rossby	=	2			 Rossby	=	0.8	

Rossby	=	0.2	 Rossby	=	0.1			



DAMPING:		

HOMOGENEOUS-ANISOTROPIC	

ROTATION	

FORCING:	2°-order	OU-PROCESSS:		ISOTROPIC,	HOMOGENEOUS	NOT	DELTA-CORRELATED	

ENERGY	INPUT	



TRIADIC	WAVE-INTERACTIONS	



RESONANT	WAVES	

FORBIDDEN	!!!	
NO	DIRECT	TRANSFER	FROM	3D	RESONANT	WAVES	TO	2D	MODES	

ANISOTROPIC	ENERGY	TRANSFER:	
WAVES	TEND	TO	TRANSFER	ENERGY	
TOWARD	THE															BUT	...		

THERE	EXISTS	A	BUFFER	REGION	IN	THE	K-SPACE	CLOSE	TO	THE	2D	MODES	
WHERE	TRIADIC	RESONANT	WAVES	ARE	LESS	AND	LESS	EFFICIENT:	
-)	O(Ro)	INTERACTIONS	
-)	QUARTET-INTERACTIONS	
-)	TURBULENCE	

INVERSE	2D	CASCADE	



1	WHAT	ARE	THE	INTERACTIONS/MECHANISMS	RESPONSIBLE	
FOR	THE	INVERSE	ENERGY	CASCADE,	2D-3D?		

2.	WHAT	ABOUT	THE	SCALL-SCALES	VELOCITY	STATISTICS	IN	PRESENCE	
OF	A	LARGE	SCALE	INVERSE	ENERGY	TRANSFER:	EFFECTS	OF	CHOERENT	
VORTEX	STRUCTURES			



CORRELATED	FORCING	

MAX	RESOLUTION	

OUR	DNS	DATA-BASE	(EULERIAN	+	LAGRANGIAN)	

NEW	FEATURES:	

1)  IDEAL	FORCING	MECHANISM	(AS	NEUTRAL	AS	POSSIBLE:	ISOTROPIC;	NON	HELICAL,		TIME-
COLORED)	+	LARGE	SCALE	FRICTION	

2)  UNPRECEDENTED	NUMERICAL	RESOLUTION/SCALE	SEPARATION		(UP	TO	4096^3)	

3)  LAGRANGIAN	STATISTICS	(MILLIONS	OF		TRACERS	AND	INERTIAL	PARTICLES)	



CONTRIBUTION	TO	THE	INVERSE	ENERGY	FLUX	
MAINLY	FROM	TRIADS	WITH	SIGN-DEFINITE	HELICITY	

(Roosby	=	0.2;	2048^3;		G.	Sahoo	and	L.B,	unpublished)	



CONTRIBUTION	TO	THE	INVERSE	ENERGY	FLUX	
MAINLY	FROM	TRIADS	WITH	SIGN-DEFINITE	HELICITY	

(Roosby	=	0.2;	2048^3;		G.	Sahoo	and	L.B,	unpublished)	
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L.B.,	S.	MUSACCHIO	&	F.	TOSCHI	Phys.	Rev.	LeC.	108		164501,	2012.		





- 	NON-GAUSSIAN	PROPERTIES	DEPEND	ON	THE	WAY	YOU	DECOMPOSE	THE	FIELD	
- 	AFTER	FILTERING	THE	2D3C	COMPONENT:	SCALING	PROPERTIES	ARE	BACK	(BUT	NOT	HIT!)	

FLUCTUATIONS:	FLATNESS	



LIGHT	

HEAVY	

RMS	FORCES	ALONG	TRAJECTORIES	



INERTIA:	SINGULAR	EFFECT	ON	SINGLE	PARTICLE	DISPERSION	



- HIGH	RESOLUTION	ROTATING	TURBULENCE:	FIRST	ATTEMPT	TO	CONTROL	SIMULTANEOUSLY	
EULERIAN	&	LAGRANGIAN	STATISTICS	

-IDEAL	SET-UP	(1):	HOMOGENEOUS	AND	ISOTROPIC	TIME-COLORED	FORCING	

-IDEAL	SET-UP	(2):	SCALE-SEPARATION		

-STRONG	INFLUENCE	OF	LARGE-SCALE	(NON-UNIVERSAL?)	VORTICAL	STRUCTURES	

-DEPARTURE	FROM	GAUSSIANITY	(DEPENDING	ON	HOW	YOU	MEASURE	IT:	2D3C-3D3D)	

- EFFECTS	OF	LARGE-SCALE	STRUCTURES	ON	PARTICLES’	DISPERSION	

CONCLUSIONS	

L.B.,	F.	Bonaccorso,	I.	Mazzitelli,	A.	LanoCe,	S.	Musacchio,	P.	Perlekar,	F.	Toschi	and	M.	Hinsberg,		PRX	submiCed	2016	


