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Within the framework of the activities promoted by European Fusion Development Agreement on the technology of the Helium Cooled

Pebble Bed Test Blanket Module to be irradiated in one of the ITER equatorial ports, attention has been focused on the theoretical

modelling of the thermo-mechanical constitutive behaviour of both beryllium and lithiated ceramics pebble beds, that are envisaged to

act respectively as neutron multiplier and tritium breeder.

The thermo-mechanical behaviour of the pebble beds and their nuclear performances in terms of tritium production depend on the

reactor relevant conditions (heat flux and neutron wall load), the pebble sizes and the breeder cell geometries (bed thickness, pebble

packing factor, bed overall thermal conductivity). 

ENEA-Brasimone and the Department of Nuclear Engineering (DIN) of the Palermo University have performed intense research

activities intended to investigate fusion-relevant pebble bed thermo-mechanical behaviour by adopting both experimental and

theoretical approaches. In particular, ENEA has carried out several experimental campaigns on small scale mock-ups tested in

out-of-pile conditions, while DIN has developed a proper constitutive model that has been implemented on commercial FEM code, for

the prediction of the thermal and mechanical performances of fusion-relevant pebble beds and for the comparison with the experimental

results of the ENEA tests. In that framework, HELICA mock-up has been set-up and tested to investigate the behaviour of pebble bed

in reactor-relevant geometries, providing useful data sets to be numerically reproduced by means of the DIN constitutive model,

contributing to its assessment.

The paper presents the constitutive model developed and the main experimental results of two test campaigns on HELICA mock-up

carried out at HE-FUS 3 facility of ENEA Brasimone, the geometry of the mock-up, the adopted thermal and mechanical boundary

conditions and the test operating conditions. The most interesting experimental results obtained are compared to the theoretical

calculations performed to assess the constitutive model. In particular, the comparison show a good agreement between the temperatures

and displacements numerically predicted at the instrumented points of the section and their measured values.
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