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Unsolved problems of physics and astrophysics
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Turbulence in astrophysics

(Belotserkovsky, Oparin & Chechetkin 2002)
What is the primary state of aggregation of matter in the Universe?
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Terrestrial Ocean (NASA 2005-2007)
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Unsolved problems of turbulence: outline

• Hydro

• MHD
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Unsolved problems of turbulence: outline

• Microscopic aspects:
«Geometry» of turbulence => statistical properties:      
spectra, correlation, …
Direct or inverse cascade => self-organization

• Macroscopic aspects:
Transport properties     -> beyond turbulent viscosity
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Incompressible isotropic turbulence: direct cascade

Kolmogorov-Obukhov 1941

inertial range

dissipation

energy containing

range
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Turbulence in incompressible medium: monofractal

Turbulent motion = one mode = one physics

Solenoidal (incompressible fluid):  
E(k)~k-5/3 (Kolmogorov, Obukhov 1941);

Alfvén (analogue of incompressible in MHD):  
E(k)~k-3/2 (Iroshnikov, Kraichnan 1964-65).
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Monofractal turbulence

Saichev & Filimonov 08
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Compressible turbulence

• Additional dimensional parameter cs => 
dimensional approach fails!

• For deducing of spectra (in the hope of 
universality) one needs other physical principles
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Compressible turbulence: intermittency

Eremin +IK 2012
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Diagnostics of turbulence geometry:
structural functions & scaling exponents

Velocity structural function

where
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Diagnostics of turbulence geometry:
structural functions & scaling exponents

Kolmogorov theory states

if there is a scaling

3/pp =ς
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Monofractal turbulence: Experim confronts theory

From Grauer 09
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Monofractal turbulence

Saichev & Filimonov 08
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Monofractal turbulence + intermittency



Ginzburg Conference' 2012 17

Turbulence as monofractal occupying part of
volume (β-model)

D≤3 – dimension of a fractal. At D=3       -> Kolmogorov one.pς
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Turbulence as bifractal

Turbulent motion = 2 modes = 2 physics

Compressible gas:   acoustic mode (shocks)
and vortical mode (vortices)

Example:
Burgers 1D-turbulence
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pς
Kolmogorov

Bifractal Burgers

Turbulence geometry: scaling exponents

beta-model
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SNR: observations vs numerical modeling

Korolev,
Kovalenko
2012

Mesh 
5122х1024

SNR 1680



Interaction of SNRs with clouds: theorist’s vision



Interaction of SNRs with clouds: Cygnus Loop
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Rate of strain discontinuity analyzer 
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Scaling exponents in the model of ISM turbulized
by SNRs (Korolev +IK 2012)

With heat-conductivity

No heat-conductivity
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Multifractal turbulence             (Frisch & Parisi 1985)

from Saichev & Filimonov 08

Monofractal Multifractal
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Structural functions and scaling exponents

a) Monofractal turbulence 
(Kolmogorov-like)

b) Multifractal turbulence    
(Saichev & Filimonov 08)

In astrophysical context: 
Norman & Ferrara 96
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Multifractal turbulence: role of coherent structures

From Grauer 09

She-Leveque 1994
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Multifractal turbulence: role of coherent structures

From Grauer 09
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Inverse cascade

Kraichnan 1967

Zakharov 1970-80

If there exists 2nd invariant 
except energy

3D: energy and helicity
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Self-organization: 
Morning Glory (Queensland, Australia)
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Inverse cascade: freak waves

from V.E.Zakharov
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`Turbulence in a box’: search for universality
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`Turbulence in a box’: compressible vs solenoidal

From C.Federrath, 6th

KAW’ 2011
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`Turbulence in a box’: compressible vs solenoidal

From C.Federrath, 6th

KAW’ 2011



Ginzburg Conference' 2012 37

`Turbulence in a box’: curvelets and contourlets
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Multiscale methodology of study of the nonlocal 
geometry of turbulence: curvelets

Ying et al 2005; Bermejo-Moreno & Pullin 2008
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Reconstruction of vorticity: wavelets vs curvelets
Ma et al. 2009

wavelets waveletscurvelets curvelets
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Classification of structures by using curvelets

from

Bermejo-Moreno & Pullin 2008
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`Turbulence in a box’: compressible vs solenoidal

from A. Kritsuk, Tempe 2012
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`Turbulence in a box’: compressible vs solenoidal

From C.Federrath, 6th

KAW’ 2011
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Two-way `Direct-Inverse’ cascade

Biferale, Musacchio & 
Toschi PhRL April 2012

Direct helicity cascade

Inverse energy cascade
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Two-way `Direct-Inverse’ cascade
Galtier & Banerjee PhRL
November 2011

from Galtier 6th KAW’ 2011
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`Turbulence in a box’: compressible vs solenoidal

From C.Federrath, 6th

KAW’ 2011
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Conclusion

• There is a hope that all key universalities in 
compressible Hydro turbulence are found.

• Many unclear questions remain in MHD 
turbulence.


