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Picture for incompressible turbulence

Is it the good picture for compressible turbulence ?



Interstellar turbulence

Density structures are morphologically similar

20483, DNS, Mach 6, no gravity
isothermal hydro turbulence Interstellar cloud Taurus

(12CO J=1-0 map)

[Kritsuk et al., ApJ, 2009] [Goldsmith et al., ApJ, 2008]



10243, DNS, Mach 6, no gravity
isothermal HD turbulence

[Kritsuk et al., ApJ, 2007]

Sample of 27 interstellar clouds

[Heyer et al., ApJ, 2004]

First-order structure function with similar slopes



[Kritsuk et al., ApJ, 2007]

DNS: 20483

Density-weighted velocity, v ≡ u ρ1/3,
seems to have a universal behavior

Why ?

M=6

[Federrath et al., ApJ, 2010]

[Kritsuk et al., ApJ, 2007]





Is there a Kolmogorov law in compressible
turbulence ?

• Incompressible HD:

• Incompressible MHD:

• Incompressible Hall MHD: [Galtier, PRE, 2008]

[Politano & Pouquet, PRE, 1998] 

[Kolmogorov, 1941] 

Hall effect

• Compressible fluids ? … 



Compressible isothermal turbulence

• Homogeneous medium

• ε becomes constant when Re  
+∞

• Stationary turbulence



(ε is the mean energy dissipation rate)

:  2 points correlation function



Source term: 
ISOTROPIC TURBULENCE

Exact relation for compressible turbulence

+

v ≡ u ρ1/3

εeff = ε + S/2

δf = (f’+ f)/2
δf = f’- f

 .F + SΔ

dilatation compressionsonic scale :
cascadenot a cascade

Flux term [Galtier & Banerjee, PRL, 2011] 



Comparison with 3D DNS

[Federrath et al., A&A, 2010]

Ev ~ k–2.1

v ≡ u ρ1/3

M=5.5

In agreement with the theory  (-19/9 = -2.11)



Conclusion

• Obukhov’s idea – constancy of the energy flux – is not applicable

• Cascade of eddies is not enough

• Is Burgers prediction (Eu ~ k-2) relevant in 3D ?

• One needs further DNS to understand supersonic turbulence

• Generalization to isothermal compressible MHD  (next talk)


