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SIMULATION OF ANOMALOUS PINCH EFFECT ON IMPURITY ACCUMULATION IN ITER
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Tokamak experiments show possibility of anomalous pinch of the main plasma particles and impurities. Anomalous pinch can influence the impurity accumulation by two ways: by changing the gradients of the main plasma parameters (affecting the neoclassical impurity fluxes) and by the anomalous pinch of impurities themselves. The goal of this work is to investigate a relative role of these two possibilities. In the modeling we use ASTRA transport code for simulation of the evolution of the bulk plasma parameters, ZIMPUR code for description of the impurity behavior and NCLASS code for calculation of the neoclassical impurity fluxes. Anomalous pinch  velocity  is evaluated with use of  the  relation:  Vp an= kpDan./max2, where kp is a numerical coefficient (can be different for different particles species), Dan is anomalous diffusion coefficient and    is the radial coordinate.

Investigations have been done for the basic inductive ITER scenario with plasma current  Ip= 15 MA and average plasma density ne ( 10.1.1019m-3. Two problems have been considered: 1) Variation of the radial profiles of the bulk plasma parameters and different impurity concentrations (Ar, Be, He) with change of the anomalous pinch velocity value and 2) checking  the possibility to control the main characteristics of this regime within the operational limits, and to determine the maximum value of anomalous pinch velocity when control is possible. These calculations were performed keeping fusion power Pfus ( 400 MW and radiated power Prad ( 47MW.

Modeling  showed that:

-   Increase of the bulk plasma density profile peaking  has a little effect on the radial distribution of the impurities if anomalous pinch of the impurities is absent. Impurity density profiles stay flat due to prevailing the anomalous impurity diffusion over the neoclassical impurity pinch. 

-   In the case of equal anomalous pinch velocities of all plasma components impurity density profiles are similar to the bulk density profile and profile of  Zeff() stay flat. 

-   If anomalous pinch velocity is proportional to the ion charge the peaking of the impurity profile increases with rise of the Zimp (It results in some steepening of Zeff() profile). 

-  Some increase of the average plasma density and control of the Ar puffing rate are necessary to keep the discharge quality of basic ITER scenario (in all cases under consideration).
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