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ABSTRACT

One of the features related to turbulence is the understanding ot the

energy transfer among different scales of the flow. Based on the Richard-
son’s energy cascade description of several models, which take into account
small-scale intermittency have been developed [1-4]. In our considerations
we propose a generalization of the so-called p-model for the case when tur-
bulence is not space filling and the energy transter rate depends on scale.
Namely, in general we assume two different scaling parameters for sizes of
eddies and a probability measure parameter describing portion of energy
transterred to smaller eddies. For analysis we use multifractal fromalism,
which permits for an intuitive understanding of multiplicative processes
5, 6]. In particulary, we analyse scaling of the velocity structure functions
7] and the energy dissipation rate [8]. Using relation of scaling exponents
and dissipation rate with the multifractal formalism we obtain general-
ized dimensions and singularity spectra. We compare the results of the
proposed model with the experimental data of the solar wind plasma pa-
rameters measured in situ by Helios 2 spacecraft in the inner heliosphere.
This shows mulitiractal behaviour of the data set under study:.

1

Theoretical Model

1.1 Generalized P-model

P—-model(p=0.70,1,=0.50,1,=0.50)
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1.2 Comparison with the p-model

Generalized P—model(p=0.70,,=0.46,1,=0.49)

At each stage of construction for the propoused model we have two
scaling parameters (11, l9) and two different weights p and 1 — p. In order
to obtain generalized dimensions and singularity spectrum for this example
of multifractals we use the partition function formalism

[n(ly,lo,p, 1 —p) = (l;i) <1l;<£>q)n =1 (1)
where n is the level of construction.
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p-model (right figure). Intermittent pulses are stronger for the model with two different scaling

Fig.1: The multifractal measure €/ (¢) on the unit interval for p-model (left figure) and the generalized

HELIOS 2 1976

~ 0.3 AU

~ 0.97 AU

Slow Solar Wind
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099:00:00:29 - 099:23:34:27
100:00:09:57 - 100:23:59:41
101:00:00:21 - 101:23:59:47
102:00:00:27 - 102:23:59:31

026:00:00:33 - 026:23:58:45
027:00:00:05 - 027:23:59:57
028:00:00:39 - 028:23:59:59
029:00:00:41 - 029:23:59:23

Fast Solar Wind
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105:00:00:31 - 105:23:59:25
106:00:00:45 - 106:23:59:35
107:00:00:17 - 107:23:59:49
108:00:00:29 - 108:23:59:55

021:00:00:09 - 021:23:59:41
022:00:00:17 - 022:23:59:51
023:00:00:31 - 023:23:59:35

024:00:00:07 - 024:23:59:43

3 Methods of Analysis

3.1 Structure functions scaling

St

SLD) = (u(z + 1) — u(D)|?) ~ 1€(q)

(n << l<< L)

(1) - gth order structure function, ¢ > 0

u(x) - velocity component paraller to the [
£(q) - scaling exponent in the inertial range

3.2 Multifractal dissipation
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g; - energy dissipation rate
(t; - probability measure
d - dimension of the space
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4 Results

4.1 Non-uniform energy distribution
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Fig.3: The intermittent nature
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4.2 £(q) as nonlinear function of ¢

Fig.5: Structure functions of the radial velocity component for the slow solar wind. Dashed lines indicate
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Fig.4: Measurements of £(3) and £(4) as a reliable indicators of the presence of an inertial range
(Carbone, 1994).
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Fig.6: The scaling exponents £(q) of the radial velocity structure functions plotted versus g.

4.3 The D, as a function of g
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Fig.7: The generalized dimensions D, as a function of g. The values of D, are calculated for the velocity

components of the slow (left figure) and fast (right figure) solar wind for two heliocentric distances:
0.3 AU and 0.97 AU.

4.4 Comparison with the generalized p-model
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Fig.8: The generalized dimensions D, as a function of ¢. The values of D, are calculated numerically for
the generalized p-model (dashed) and fitted to the solar wind (triangles).

5

Conclusions

¢ We have studied departure from Kolmogorov scaling in-
dicating multifractal (intermittent) behaviour of the solar

wind in the inner heliosphere.

e Analysis shows that slow solar wind velocity fluctuations
are more intermittent and more anistoropic than for the
fast solar wind.

e As the heliocentric distrance increases the solar wind be-
comes more multifractal.

e Generalized dimensions for solar wind are consistent with
the generalized p-model with different scaling parameters
for sizes of eddies.

e We propose the generalized p-model set for intermittent
dissipation energy cascade in the solar wind turbulence.
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