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The power loads on current tokamaks associated with the Type I ELMs generally do not 
affect the lifetime of divertor elements. However, the ITER ELMs may lead to unacceptable 
lifetime; their loads are estimated as QELM= (1-3) MJ/m2 at t = 0.1–1 ms and the repetition 
frequency of an order of 1 Hz (~ 400 ELMs during each ITER pulse). Such plasma energy 
loads expected for ITER ELMs are not achieved in existing tokamaks. Therefore powerful 
plasma accelerators are used at present for study of plasma-target interaction and for 
numerical models validation. Quasi-steady-state plasma accelerators (QSPA), which 
characterized by essentially longer duration of plasma stream generation in comparison with 
pulsed plasma guns, became especially attractive facilities for investigations of plasma-
surface interaction in conditions of high heat loads simulating the ITER disruptions and 
ELMs. 

The paper presents experimental study of energy characteristics of the plasma streams 
generated with quasi-steady-state plasma accelerator QSPA Kh-50 and the main features of 
plasma interaction with material surfaces in dependence on plasma heat loads. 

The samples of pure sintered tungsten of EU trademark have been exposed to hydrogen 
plasma streams produced by the accelerator. To estimate the range of tolerable loads the 
effects of ELMs on the lifetime of plasma facing components have been experimentally 
simulated for large numbers of impacts with varying energy density. The experiments were 
performed with up to 450 pulses of the duration of 0.25 ms and the heat loads in the range of 
0.5 – 1.2 MJ/m2. At this calorimetry (both at plasma stream and at the target surface), piezo-
detectors as well as spectroscopy and interferometry measurements were applied to determine 
the impacting plasma parameters in different regimes of operation.  

A threshold character of morphological changes on the tungsten surface under the 
melting in respect to the pulses number is demonstrated. The number of initial exposures 
without formation of corrugations and pits is about 200, which does not depend on the 
magnitude of target heat load. Further increase of the exposures results in the corrugation 
structures becoming dominant. Initially the melt layer disintegrates into a set of droplets 
remaining at the surface. Such evolution seems to be driven by the surface tension forces 
within a fine network of cracks at the previously irradiated surface, in order to minimize the 
damaged area. Finally a stabilization of the surface pattern occurs. 

The onset of intensive evaporation at molten tungsten surface under the repetitive heat 
loads has also been studied. The evaporation can result in enhanced mass losses: increase of 
the heat load from 0.75 to 1.1 MJ/m2 increases mass losses for one order of magnitude and 
causes bubble structures at the surface. The contribution of evaporationto the surface profile is 
analyzed. Due to evaporation, the erosion crater grows with the rate equal to 0.04 µm/pulse. It 
is obtained, that for ELM-like repetitive loads the melt motion driven by plasma pressure 



gradient does not contribute significantly to the erosion profile. Influence of swelling on the 
surface profile is also discussed. 
 


