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																														WHY	PSEUDO-SPECTRAL?	
1)  MULTI-SCALES	ACCURACY	+	EXPONENTIAL	ACCURACY	FOR	DERIVATIVES	
2)  POTENTIAL	TOOL	TO	PERFORM	EXPERIMENTS	IN	SILICO:	EXACT	CONTROL	
OF	THE	DEGREES-OF-FREEDOM	

• Too	many	turbulences?	
• Can	we	disentangle	universal	from	non-universal	properXes?	
• Can	we	understand	universal	properXes	?	
• Does	‘compuXng’	mean	‘understanding’?	(Computo	ergo	sum?)	



small	parXcles:	drag,	added		mass,	li]	force,	etc...	

Turbulence	or	Turbulences?	

Flows with additives:
Advection-diffusion-reaction of passive scalar/vectors (temperature, magnetic field, chemical reactions, etc...)
Advection-diffusion  of active scalars/vectors (convection, magnetic dinamo)
Polymers (drag reduction) 
Bubbles/Droplets (two phase flows, rain formation, etc...)
Swimmers (cooperative hydrodynamical interactions)

tracer bubble heavy 

+	boundary	condiXons	

temperature	
magneXc	field	



+	periodic	boundary	condiXons	

3D	CASE:	MAINLY	UNSOLVED!	

HOMOGENEOUS	&	ISOTROPIC	MHD	TURBULENCE	

-homogeneous	
-isotropic	
-Gaussian	
-white-noise	in	Xme	
-large-scale		



L.	B.,	G.	Boffe"a,	A.	Celani,	B.	Devenish,	A.	Lano"e	and	F.	Toschi	Phys.	Rev.	Le+.	93,		064502,	2004	
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prediction 

Multifractal  
prediction 

Multifractal  
prediction 

mean-field (k41) 
prediction 

ACCELERATION	



 Reynolds number ~ (Non-Linear)/(Linear terms)

Fully Developed Turbulence:
1. Strongly non-linear & non-perturbative system 

COMPLEX	PHYSICS	WITH	SIMPLE	FLOWS	



2. Out of Equilibrium (non perturbative)
Dissipative anomaly 3. Small-scales PDFs strongly non-Gaussian

Anomalous scaling 

COMPLEX	PHYSICS	WITH	SIMPLE	FLOWS	



1.  inerXal	range	of	scales:	power	law	(anomalous)	
2.  extension	increases	with	Reynolds!	

4. Many-body problem:

THE ENERGY CASCADE:

COMPLEX	PHYSICS	WITH	SIMPLE	FLOWS	



Number  crunching approach: computo ergo sum.

state-of-the-art DNS (Kaneda’s group):

Isotropic, homogeneous Fully Periodic Flows
Pseudo-Spectral Methods.

Resolution 12000^3

Reynolds : 10^7,
Storage of 1 velocity configuration: 30 Tbyte

Moral: easy to saturate any computing power
(present and/or future)

astrophys. flow atmosph. flow laboratory flow 













VISCOUS	TERM	EXACTLY	INTEGRATED	
ADAMS-BASHFORTH	2°	ORDER	



WHAT	ABOUT	MHD????	
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LORENTZ	

ADVECTION	+	STRETCHING	
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+ boundary	condiXons	

KinemaXcs	+	DissipaXon	are		invariant	under	RotaXon+TranslaXon		
Non-universal	staXsXcal	behaviour	<->	Anisotropy	

Small	scales	vs	large	scales	

Turbulent	jet	 3d	ConvecXve	Cell	 Shear	Flow	



The	simplest	set	of	0-rank	tensor	(SCALAR)	observable: 

Longitudinal	Structure	FuncXons	



Arad, V. L’Vov I. Procaccia PRE 59, 6753 (1999). 
Arad et al. PRL 82, 5040 (1999). 

Arad et al.  PRL  81, 5330 (1998). 

3d rotation 

Set	of	3n*(2j+1)	EigenfuncXons	of	group	of	rotaXons	in	3d:	

DecomposiXon	in	terms	of	(irreducible)	invariant	subset	-labelled	by	q,j=0,1,2,…	

n-rank	tensor	which	
depends	

	on	a	3d	vector		



rotaXonal	invariant	operator	

FOLIATION	!!!	

+ so(3) -> 



J=0 

J=2 

J=4 Large	scale	physics:	

all	sectors	coupled	by		

forcing	terms	

scaling	?	



Working	Hypothesis	

projecXon	on	each	sector	has	a	universal	scaling	exponent,							depending	on	
that	sector	only.	

Dependency	on	large	scale	physics	shows	up	only	in	prefactors	

Pure	power	laws	only	in	each	separeted	sector:	



Matching	Infra-Red	boundary	condiXons:	

prefactor cannot be universal 

About	universality	of	scaling	exponents	nothing	can	be	said	
rigorously,	at	least	for	the	NS	eqs.		

Recovery	of	Isotropy	
Small-Scales	Universality	



We	performed	a	DNS		
of	a	Random-Kolmogorov	Flow	

Periodic	boundary	condiXons	

256x256x256	

Hyperviscosity	

Homogeneous	but	Anisotropic	

L.B. and F. Toschi, PRL 86, 4831 (2001) 

L.B. I. Daumont, A. Lanotte and F. Toschi. PRE. 66,  056306 (2002)  



isotropic		
sector	

before	so(3)	
decomposiXon	

Local	slopes	

Comparison	of	scaling	properXes:	
isotropic	sector	(j=0,m=0)	vs	undecomposed	structure	funcXon	

x	
y	
z	

Arad et al. PRL 82, 5040 (1999)  



scaling	is	m-independent		

dimensional	

j=6	

j=4	

j=0	

Recovery	of	isotropy	

L.B. I. Daumont, A.S. Lanotte and F. Toschi 
PRE. 66,  056306 (2002)  

Extending	Lumley’s	anisotropic	theory	
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