Evolution of tungsten degradation under combined
high cycle ELM and steady state heat loads
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Introduction _ Experiment
The importance of edge localized modes (ELMs) Electron beam facility JUDITH 2
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« ELMSs occur in normal operation at a rate of 2 1 Hz

- more than 10° events during estimated ITER divertor lifetime
« ELMs deploy ~0.5 MJ/m?in 0.2 — 0.5 ms pulses

— high power density and high number of events can cause surface

roughening, cracking & melting of plasma facing components
 heat loads during ELMs occur additionally to the steady state heat load of
5 - 10 MW/m2 that results in different surface temperatures

— synergistic effects of steady state and transient heat loads
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Results

Tests with pure tungsten tiles
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« material: sintered & double forged W — elongated grains, oriented parallel to the loaded surface (aspect ratio ~0.4)

« sample size: W tiles of 12 x 12 x 5 mm3, loaded area: 3.5 — 12 mm? (depending on heat flux factor (HFF))

« active cooling: water with T = 100 °C (module starting/equilibrium temperature) at p = 3 MPa, tube @ 8 mm

« test mode: 400 s load (f;,, = 25 Hz, pulse At = 0.48 ms) —» 10,000 pulses, 20 s break (back to equilibrium
temperature), tests done with and without additional steady state heat load (SSHL) of 10 MW/m?

heat load

Conclusions

- tests showed the feasibility of ELM-like loading in JUDITH 2 for up to 10° pulses and additional steady state heat load up to 10 MW/m?

— simulation of heat loading conditions and temperatures as expected for the ITER divertor
» results show a dependency of material degradation on the number of pulses, the power density and the steady state heat load (surface temperature)
e for higher temp. (700 °C, SSHL 10 MW/m?) the degradation appears earlier (in terms of number of pulses) and is more severe (e. g. additional melting)
- the overall damage threshold is located between HFF 3 — 6 MW/m*Vs (- energy density 0.07 — 0.13 MJ/m?)

e roughening as precursor: roughening is always followed by cracking at higher number of pulses
e erosion of crack edges and/or melting takes place after cracking, depending on surface temperature
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