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TURBULENT MHD CONVECTION AND TRANSPORT PROCESSES IN NONPARAXIAL PLASMAS WITH ZONAL FLOWS.
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Influence of nonuniform zonal flows upon the self-consistently generated  turbulent MHD-convection in highly nonparaxial magnetized plasma near a marginally stable (MS) state is studied. Previously [1, 2] it was shown that an external heating and original local dissipative processes can modify MS plasma pressure profile making it a weakly unstable and causing the nonlinear turbulent MHD-convection, which leads to the essentially nonlocal enhanced heat transport. In this paper we present computer modeling of the turbulent convection in presence of initially induced zonal flows. As an example,  we consider simple cylindrical plasma configuration, which corresponds to equilibrium Z-pinch with hard current-carrying core and models toroidal plasma confinement systems with internal levitated rings.

A great number of regimes with various initial zonal flow profiles and integral vorticity values have been modeled and analyzed. Computer modeling of long time plasma evolution shows that initial zonal flows with sufficiently high vorticity can appreciably delay transition of plasma to quasi-steady turbulent state due to partial suppression of flute-like mode development and of turbulent spectrum broadening. However, at the stage of the delay the initial zonal flow and vorticity profiles are intensively modifying and finally take a rather universal form. Further nonlinear evolution of the convective flows is very similar to the evolution without initial zonal flows and leads to formation of intensive large-scale stochastic vortex structures (stochastic convective cells). The main difference from the regimes, which have no initial zonal flows, is relative enhancement of small-scale fluctuations of entropy and vorticity. Wave-number spectra of the fluctuations have been calculated. Delay-time depends on both integral and maximum local vorticity values. 

At the stage of the delay effective transport coefficients drop down to their original classical values, while after the rearrangement of zonal flow profiles and the formation of large-scale stochastic vortices the turbulent convection becomes sufficiently high to maintain the MS-plateau in entropy profile and to increase the effective transport coefficients. As a result, at the stage of fairly well developed turbulence, the life-time of plasmas with zonal flows increases very slightly with increase of integral zonal flow vorticity. 
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