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Renormalization group analysis of two statistical models of turbulent transfer in a shear flow
A.V. Malyshev

In the first part infrared asymptotic behaviour of a scalar field, passively advected by a random shear flow, is studied by means of the field theoretic renormalization group and the operator product expansion. The advecting velocity is Gaussian, white in time, with correlation function of the form δ(t-t′)/kd−1+ξ, where k|k| and k is the component of the wave vector, perpendicular to the distinguished direction ("direction of the flow"). 
The structure functions of the scalar field in the infrared range exhibit scaling behaviour with exactly known critical dimensions. It is strongly anisotropic in the sense that the dimensions related to the directions parallel and perpendicular to the flow are essentially different. In contrast to the isotropic Kraichnan's rapid-change model, the structure functions show no anomalous (multi)scaling and have finite limits when the integral turbulence scale tends to infinity. On the contrary, the dependence of the internal scale (or diffusivity coefficient) persists in the infrared range. 
Generalization to the velocity field with a finite correlation time is also obtained. Depending on the relation between the exponents in the energy spectrum   k and in the dispersion law   k, the infrared behaviour of the model is given by the limits of vanishing or infinite correlation time, with the crossover at the ray 0, 0 in the  plane. The physical (Kolmogorov) point 8/3, 4/3  lies inside the domain of stability of the rapid-change regime; there is no crossover line going through this point. 
In the second part critical behaviour of a system, subjected to strongly anisotropic turbulent mixing, is studied. Specifically, relaxational stochastic dynamics of a non-conserved multicomponent order parameter of the Ashkin-Teller-Potts model is investigated. The same velocity ensemble is employed. 
It is shown that, depending on the values of parameters that define self-interaction of the order parameter and the relation between the exponent ξ and the space dimension d, the system exhibits various types of large-scale scaling behaviour, associated with different infrared attractive fixed points of the renormalization-group equations. In addition to known asymptotic regimes (critical dynamics of the Potts model and passively advected field without self-interaction), existence of a new, non-equilibrium and strongly anisotropic, type of critical behaviour (universality class) is established, and the corresponding critical dimensions are calculated to the leading order of the double expansion in ξ and 6d (one-loop approximation). The scaling appears strongly anisotropic in the sense that the critical dimensions related to the directions parallel and perpendicular to the flow are essentially different.
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