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Kolmogorov’s theory of turbulence

Dhrubaditya Mitra (NORDITA, Stocholm)



The energy dissipation law

lim € = lim v(w?) — constant
v—0 v—0

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

* Vorticity develops finer and finer structures
as viscosity goes to zero.
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Drag law for smooth spheres
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Kolmogorov’s theory

e Correlation function and Structure functions.
* |nertial range.
 Dimensional argument.

Sv(l) ~ (e£)1/3

* This implies that energy spectrum as a five-third law
(After shell averaging)

E(k) ~ k=?/3
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Experimental evidence
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Experimental evidence

Energy (arbitrary units)
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Experimental evidence
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Experimental evidence
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Numerical evidence
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Intermittency
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Turbulence in solar wind

Compressible and with magnetic field. This implies that
Kolmogorov’s theory, as we have described, does not apply.
It must be extended.

We need new relations to replace the Karman-Howarth-
Monin relation.

4
Sg (8) — —586

This is not trivial. In incompressible MHD this was first
worked out by Chandrasekhar. A similar relation 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
relation has been worked out by Banerjee and Galtier.



Solar wind turbulence (experiments)
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* There is fast and slow wind. The wind is turbulent, and also
“intermittent”. (wind during solar minima, Bruno and Carbone,
living reviews in solar physics)



spectra

Magnetic

E(k) ~ k=3/2  Irishnikov-Kraichnan ¢

E(k) ~ k=5/3
Kolmogorov
10°
- 10°
<
% 10°
S
2 10
o
2 10°

e Modes perpendicular to mean
magnetic field.

1  Weak turbulence theory,
Goldrich-Sridhar scaling.

* We have no theory of this. : Sﬁ;‘;ﬁ;e;g(')'gouma' of Plasma
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