
Credits	[in	order	of	appearance]:	F.	Bonaccorso,	M.	Buzzicotti (Univ.	of	Roma	‘Tor	
Vergata’,		Italy),	M.	Linkmann (Univ.	of	Marburg,	Germany);	A.	Alexakis	(ENS-Paris,	
France);	P.	Clark	di	Leoni (Univ.	of	Roma	‘Tor	Vergata’,		Italy),	

Inverse	and	direct	cascades	in	rotating	turbulence

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

biferale@roma2.infn.it
PARIS 2018

WAVE INTERACTIONS AND TURBULENCE
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TURBULENCE	UNDER	ROTATION
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(Fast-3D) Iner�al Waves

dispersion rela�on:

This equa�on is sa�s;ed by plane waves of the form:

Inertial waves are intrinsically helical

A rotating flow = 2D3C                             +   3D helical                            
   Slow-2D manifold                   Fast-3D manifold

                               “geostrophic” flow               “non-geostrophic” flow

 eigenvector of the curl operator:
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HELICAL-FOURIER	DECOMPOSITION
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TRIADIC	INTERACTION	IN	DECIMATED	HOMOCHIRAL	NAVIER_STOKES	EQS

HOMOCHIRAL
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HOMOCHIRAL	3D	NAVIER	STOKES	EQS.
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FULL		3D	NAVIER	STOKES	EQS.

FULL		3D	NAVIER	STOKES	EQS.	+	ROTATION:
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- ONLY	2D3C	SLOW-MANIFOLD	DYNAMICS	(AND	VARIATIONS	THEREOF)	[1]

- ONLY	3D	FAST-MANIFOLD	[2,3]
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3D	FAST-MANIFOLD
ONLY
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Out-of-equilibrium	flux-loop	cascade

⇧(k) = ⇧HE(k) +⇧HO(k) = 0

⇧HE(k) = �⇧HO(k) 6= 0

M.	Buzzicotti,	P.	Clark	di	Leoni,	L.B.	Eur.	Phys.	J.	E	41:	131	(2018)	
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FROM		2D	TO	3D		SUPERPOSING	2D3C	PLANESFROM		2D	TO	3D		BY	SUPERPOSING	2D3C	PLANES



FROM		2D	TO	3D		BY	SUPERPOSING	2D3C	PLANES UV	2D	AND	IR	3D	!
OPPOSITE	OF	A	THIN	LAYER!
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CONCLUSIONS
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spectral	nudging.	Physical	Review	Fluids	3	(10),	104604	(2018)

- PHASE-SPACE	OF	ROTATING	TURBULENCE	 IS	HIGHLY	NON-TRIVIAL	(Ro,	Re,	H,	Kforcing ,	etc…)	
- MORE	THAN	ONE	ENERGY-TRANSFER	MECHANISM	ACTING	IN	THE	SYSTEM	(FLUX	LOOP)
- FOURIER	vs	CONFIGURATIONAL	SPACE	DICHOTOMY:	CAN	WE	IDENTIFY	THE	
DEGREES-OF-FREEDOM	THAT		DEFINE	THE	TURBULENT	 BACKBONE?	






