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What is turbulence ?

Turbulent is a complex, nonlinear multiscale
phenomenon, which poses some of the most
difficult and fundamental problems in classical
physics. It is also of tremendous practical
importance in making predictions—for example,
about heat transfer in nuclear reactors, drag in oil
pipelines, the weather, and the circulation of the
atmosphere and the oceans. But what is
turbulence? Why is it so difficult to understand, to
model, or even to approximate with confidence?




How to describe
turbulence?
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The definition of the turbulence in the
fluids, gases and plasmas is still under
discussion, but some essential
features of the turbulence are out of
the discussion.

They are :

Many degrees of freedom (different
scales)

All of them in non -linear interaction
(cross-scale couplings)

Main characterization:

Shape of the power spectrum and
higher spectral features

Statistical methods of the turbulence description : PDF,
skewness and kurtosis , intermitency, structural function.
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Theory of the turbulence predicts the different slope

of the spectra for the different types of the turbulence
Noncompressible turbulence (K-1941) = k /3
Kolmogorow

Noncompressible isotropic MHD (IK-1965) = k -3/2
Iroshnikov-Kraichnan

Noncompressible anisotropic MHD (SG-2000)= k ,~
Sridhar and Goldreich

Whistler turbulence (DB-1997) = k ~7/3




Examples of power spectra

cusp (POLAR satellite)

of the magnetic field fluctuations, measured in the
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METHODOLOGY = R

The Fourier spectrum —for identification of disturbed areas

The complex Morlet wavelet- to study time evolution with high
resolution

The bispectral analysis allows us to find the wave modes
nonlinearly interacting by 3 waves processes.

The resonance conditions for these processes are:
® W1tM2 = W3
e kitk: =ks

A quantitative measure of the phase coherency may be made by
computing of the bicoherence spectrum which is defined in terms
of the bispectrum as

1. /B2
T P(k)P(HP(k +1)
Where P(k),P(l) and P(k+l) are auto power spectra,

b? (k1) =lim

B(k,l): E[Xk Xi X ks *]
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Statistics for the turbulence

Turbulence is non-Gaussian. The seemly random and intermittent nature of
turbulence causes its probability density distribution not to be characterized by the
bell-shaped curve. Instead it is skewed and kurtotic.

(") =f c"B. (c)de

— o0

=

S = Skewness, says about deviation of PDF from
2\ 32 : g
<[1- — X) > Gaussian distribution

<[T — }f)‘l> kurtosis

D the kurtosis is a measure of intermittence in flows and
<|::T - l) > is the parameter that controls the shape of PDF.
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L’Aquila Earthquake 2009-04-06
at 01:32:41.4UTC

Magnitude Mw 6.3

Location:42.38 N ; 13.32 E

Depth: 2 km



March 26, 11 days before the earthquake distance =245km
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April 2 4 days to eq d=700km
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Distance to epicenter =300km
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We presented the eIectromagnetlc effects observed by DEMETER satelllte prior to
the earthquakes in L’Aquila and Chile. These results are compared with
obsevations the polar cusp.

The analysis of the wave form in ELF frequency range with Fourier, wavelet and
bispectral methods has shown the presence of the strong emissions in this
frequency range in the ionosphere before the earthquake.

The discussed results over seismic regions have been obtained during very quiet
time and therefore no ionospheric and magnetospheric sources of perturbations
were expected.

The statistical analysis of the wave data shows (Polar cusp, L’Aquila and Chile) the
intermittent and non Gaussian character of the registered data what is the feature
of the turbulence.

The turbulence K41 type is dominating in the ionosphere over seismic regions,
while in the polar cusp at ionospheric altitudes whistler and mhd turbulence is
registered.
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