




































































































































































































































Kolmogorov’s	theory	of	turbulence	

	
	

	Dhrubaditya	Mitra	(NORDITA,	Stocholm)		
	



The	energy	dissipaDon	law	

lim

⌫!0
" ⌘ lim

⌫!0
⌫h!2i ! constant

•  In	the	limit	of	vanishing	viscosity,	or	infinite	
Reynolds	number	the	mean	energy	
dissipaDon	rate	becomes	a	constant.		

•  VorDcity	develops	finer	and	finer	structures	
as	viscosity	goes	to	zero.		

	
	
	



FricDon	factor	for	pipes	
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Drag	law	for	smooth	spheres	
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		By	NASA	-	hMp://www.grc.nasa.gov/WWW/k-12/airplane/dragsphere.html	
	
	



SimulaDons	of	HIT	
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Kolmogorov’s	theory	
•  	CorrelaDon	funcDon	and	Structure	funcDons.	
•  InerDal	range.		
•  Dimensional	argument.		
	

�v(`) ⇠ ("`)1/3

•  	This	implies	that	energy	spectrum	as	a	five-third	law	
(A_er	shell	averaging)			

	
	 E(k) ⇠ k�5/3



















Experimental	evidence	

Data	from	wind	tunnel	ONERA	



Experimental	evidence	

Data	from	wind	tunnel	ONERA,	energy	spectrum	



Experimental	evidence	

Compensated	spectra	from	Ddal	channel		



Experimental	evidence	

Velocity	fluctuaDons	(in	Dme	domain)	in	a	jet	(Champagne	1978)	



Numerical	evidence	

Biggest	numerical	simulaDons	so	far	(4096	cubed),	Kaneda	et	al	2003		



IntermiMency	

Biggest	numerical	simulaDons	so	far	(4096	cubed),	Kaneda	et	al	2003		



Turbulence	in	solar	wind	
•  	Compressible	and	with	magneDc	field.	This	implies	that	

Kolmogorov’s	theory,	as	we	have	described,	does	not	apply.	
It	must	be	extended.		

•  We	need	new	relaDons	to	replace	the	Karman-Howarth-
Monin	relaDon.	

S3(`) = �4
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•  This	is	not	trivial.	In	incompressible	MHD	this	was	first	
worked	out	by	Chandrasekhar.	A	similar	relaDon	was	
worked	out	by	Politano	and	Pouquet	which	is	possibly	
wrong.	We	shall	not	get	into	this	at	the	moment.		

•  In	compressible	turbulence	(not	MHD)	an	equivalent	
relaDon	has	been	worked	out	by	Banerjee	and	GalDer.			



Solar	wind	turbulence	(experiments)	

•  	There	is	fast	and	slow	wind.	The	wind	is	turbulent,	and	also	
“intermiMent”.	(wind	during	solar	minima,	Bruno	and	Carbone,	
living	reviews	in	solar	physics)		



spectra	

•  	We	have	no	theory	of	this.		

E(k) ⇠ k�5/3

E(k) ⇠ k�3/2

E?(k) ⇠ k�2
?

	Irishnikov-Kraichnan		

	Kolmogorov		
	

•  	Modes	perpendicular	to	mean	
magneDc	field.		

•  Weak	turbulence	theory,	
Goldrich-Sridhar	scaling.	

•  GalDer	et	al,	Journal	of	Plasma	
Physics,	2000	




































