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Modeling of ITER current ramp-up  stage at the  Plasma contact with beryllium and tungsten limiters
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In the current ramp up phase of discharge before the x-point formation plasma column is bounded by the limiter. On this discharge stage the limiter sputtering is the main source of impurities in the plasma. At present, the question which material should be chosen for the ITER limiters is under discussions with possibility of using the limiter coating by tungsten or beryllium. Results of simulation (based on the ASTRA@ZIMPUR codes) of power losses from the plasma column to the limiter and plasma column contamination on the limiter phase of discharge with beryllium and tungsten limiters are described.

We modeled the current ramp up phase using parameters of the ITER scenario for the plasma current interval 0.2 < Ip< 7.5 MA. Separatrix configuration in this scenario appears approximately in 30 sec. Plasma column is formed initially near the outer limiter, which fixes its dimension. Then simultaneously with the current rise plasma column shifts to the discharge chamber center what results in increase of minor radius.
As at present there is no reference scenario for the rise of plasma density, we selected gas puffing as a main plasma fuelling method providing plasma average density of 0.5 of the Greenwald density limit. 

Modeling showed that considerable re-radiation of power is possible at this stage. This can decrease heat loads on the limiter and its sputtering. In the case of beryllium limiter up to half of power injected in the plasma can be radiated. In the case of the tungsten limiter in the start of discharge almost all injected power is radiated resulting in stabilization of the boundary temperature and limiter sputtering. ---To the time of the separatrix formation impurity contamination of plasma decreases to the acceptable level and father plasma heating can be started and burning stage of discharge can be initiated. Calculated power flux in the end of the limiter discharge stage is closed to the engineering limit.

However, these conditions depend strongly on impurity contamination in the initial discharge stage (at t ~ 1-2 sec). If for tungsten this level exceeds ~ 0.055 % radiation collapse of plasma column is observed. Simulations showed that the very beginning of discharge (during t < 5s when maximum contamination of plasma column by impurities is observed) is the most critical stage in view of the radiation collapse possibility. It started at radial position where Te was equal to 200-300 eV. In this temperature range the radiation increases with a drop of temperature (for tungsten) and positive feedback is appeared. 
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