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One of the key problems of turbulent transport of passive scalar (e.g., concentration
and temperature field) is intermittency and anomalous scalings. These problems for scalar
and vector (magnetic) fields convected by a 3-D isotropic turbulent fluid flow were stud-
ied quite intensively in recent years. The anomalous scaling means the deviation of the
scaling exponents of the correlation function of a passive scalar from their values ob-
tained by the dimensional analysis. For incompressible and isotropic 3-D turbulent flow
the anomalous scalings for scalar field can occur only for a forth-order correlation func-
tion. However the experiments demonstrate more stronger and pronounced intermittency
of passive scalar.

We have shown that a 3-D isotropic incompressible turbulence can be regarded as de-
generate with respect to anomalous scalings of passive scalar [1]. We have demonstrated
that even in a weakly anisotropic 3-D turbulence the second moment of passive scalar
has anomalous scalings. The latter implies much stronger intermittency in passive scalar
spatial distribution then in the case of ideal isotropic 3-D turbulence. We have shown
also that the anomalous scalings for passive scalar advected by a 2-D isotropic turbulent
fluid flow appear already in the second moment. Unlike isotropic 3-D case the two-point
correlation functions of conserved properties of scalar and vector fields in 2-D turbulence
have anomalous scaling.

We discuss also a new mechanism for intermittency in spatial distribution of small
inertial particles advected by a turbulent incompressible fluid flow [2]. The mechanism is
related with self-excitation of fluctuations of concentration of small particles in a turbulent
fluid flow. The effect is caused by inertia of particles which results in divergent velocity
field of particles. We showed that the growth rates of the higher moments of particles
concentration is higher than those of the lower moments, i.e., particles spatial distribution
is intermittent. Similar phenomena occur for non-inertial admixtures advected by diver-
gent turbulent velocity of fluid. Inertia of particles causes also formation of large-scale
inhomogeneous structures in a particles distribution advected by turbulent fluid flow with
a mean temperature gradient [3].
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