
Physics of Turbulence

@FuturaSciences

Class 3: the Scale 
hierarchy

Vortices are organized in a hierarchical way
They are regularized by viscosity
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Vortices are organized in a hierarchical way
They are regularized by viscosity

Scale hierachy
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Can we explain the difference?



Weather equations
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Present weather modelling

Klein Annual Review Fluid Mechanics

7 equations, 3 dimensions
4 independent non-dimensional
 parameters



Scale dependent equations

Klein Annual Review Fluid Mechanics



Scale dependent equations

Klein Annual Review Fluid Mechanics

Planetary Geostrophic

Quasi Geostrophic

Weak Temperature Gradient

Hydrostatic Primitive Equations

2D

3D



2D vs 3D
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2D vs 3D
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Celani et al, PRL, 2010

Navier Stokes simulation 
 in an anisotropic domain
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3D energy spectrum and Kolmogorov theory
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1941:Kolmogorov Theory 

NSE+homogeneity

Karman Howarth equation

δuℓ = u x + ℓ( )−u x( )



Kolmogorov Theory (2)
KH equation + self-similarity+stationarity

δuℓ( )3 ∝−
4
3
εℓ

δuℓ( )2 ∝ εℓ( )2/3 E k( ) =C ε 2/3k−5/3


