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Divertor components of the future fusion reactor DEMO should be able to withstand the heat
flux loads of at least 10 MW/m?. The helium-cooled divertor operating at high pressure (10
MPa) and high temperature (634 °C) of the helium is foreseen as one of the most plausible
options for DEMO. In this study the modular divertor design cooled by multiple impinging
jets [1] is analysed. To reduce the heat loads, the divertor target plate is build up of numerous
cooling fingers consisting of a tungsten tile, which is brazed on the thimble made of tungsten-
alloy. High thermal stresses in the divertor structures due to the heat flux loading may
endanger the divertor’s integrity and its cooling capability. Accurate numerical predictions of
thermal loading and stresses are therefore very valuable to ensure that the design and material
constraints are not exceeded.

An approach that combines computational fluid dynamics (CFD) simulations and FEM
(Finite Element Method) predictions of structural response is used to simulate thermal stresses
in the divertor cooling finger. Local distributions of heat transfer coefficient (HTC) between
the helium and inner surface of the thimble are used as a boundary condition for the thermo-
mechanical analysis. Thermal stress predictions calculated from the non-homogeneous HTC
distribution are compared with the results where averaged HTC values in three representative
zones of inner thimble surface are used. The predicted maximum stresses are considerably
higher in the case of realistic non-homogeneous HTC boundary condition. The highest
thermal stresses in the tile-thimble assembly are obtained on the thimble inner surface, in the
region, where the highest thermal gradients due to jet cooling can be observed (see Figure 1).
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Figure 1: Mises stress distribution on the thimble inner surface
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