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Similarities between nuclear fusion reactors and space vehicles

Similarities between nuclear fusion reactors and space vehicles

HyFAR WEST Hypersonic Flight Atmospheric Re-entry on WEST

Reciprocating SOL sample holder

Plasma facing components within a tokamak and hypersonic space vehicles upon atmospheric re-entry undergo identical heat fluxes: from 10 MW/m 2 to 100 MW/m 2 . Thus, for classical carbon materials, differential ablation results for different shapes and surface states as published for recent experiments performed on DIII-D [START_REF] Orlov | Design and testing of Dimes Carbon Ablation Rods in the DIII-D Tokamak[END_REF].

For studies of civil or military reentry body materials, the experiments take place on plasma torches (Fig. 1b), in a controlled atmosphere and for very short periods of exposure to the heat flux (a few seconds). These heavy tests only allow few parametric studies. Materials for space vehicles undergoing hypersonic re-entry are subjected to even more intense heat fluxes (100 MW/m 2 -500 MW/m 2 for the Galileo probe on Jupiter) for longer durations (minutes). UHTC ceramics (Ultra High Temperature Composites) are thus the preferred candidates for the aerospace industry (examples of different materials Fig. 2 below). These ceramics are supposed not to ablate up to temperatures of 3000°C. Building a database of tests of these materials, under representative conditions, would be a major step forward for their optimization and modelling. Not ablating, they are not very sensitive to the atmospheric composition and the heat flux is thus the main parameter to be varied. The HyFAR WEST project focuses in 2023 on the Tokamak WEST as a test bed. It includes 3 steps: 1. Manufacture of the vacuum-tight shaft allowing the exposure of 10 UHTC test specimens with thermocouples. 2. Sample tests, characterization before and after exposure and numerical modeling with the CESTA thermal code [START_REF] Peluchon | Development of numerical methods to simulate the melting of a thermal protection system[END_REF].

3. Manufacture of a sample holder to be installed on a magnetically driven exposure system at the lower divertor allowing materials to be exposed for several minutes to fluxes of ~100 MW/m2 (experimental ground platform unique in Europe).

The thermal code, once validated under conditions representative of WEST, will also make it possible to simulate the injection of Deuterium pellets used to regulate the plasma density.

Tokamaks are a unique tool on Earth able to test materials for space vehicles because of their unique loading conditions available in quasi steady state (several minutes for supraconducting machines, similar to the duration of an atmospheric entry). Lower divertor sample exposure system 10 samples exposed simultaneously to SOL plasma for brief periods (~0.1 s) for initial characterization and model validation.

One sample exposed divertor plasma for long times (minutes) in order to test resistance to ablation.

Sample holder attached to magnetic coil drive mounted below WEST divertor targets.

A current in the coil pushes the sample into the divertor plasma where it can be held for long periods of time.

Conclusions
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Figure 1 :

 1 Figure 1 : (a) Photos of carbon rods of different geometries exposed in DIII-D [1]. (b) Sample of hypersonic vehicle heat shield material being heated by a plasma torch.

Figure 2 :

 2 Figure 2 : Examples of UHTC ceramics of interest for the HyFAR WEST project.

Figure 3 .

 3 Figure 3. Poloidal section of WEST tokamak indicating the magnetic separatrix in blue and the position of the reciprocating sample holder in red.

Figure 4 .

 4 Figure 4. Heat and particle fluxes measured by a reciprocating Langmuir probe in the Tore Supra SOL [3].