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GEOMETRIC OPTIMIZATION OF THE FIRST WALL

Within the framework of the EUROfusion consortium activities, a research campaign has been carried out at DEIM to investigate the steady state thermo-mechanical performances of the DEMO Water-Cooled Lithium Lead
(WCLL) breeding blanket First Wall (FW) flat concept, equipped with square cooling channels and a 2 mm-thick tungsten armour. In particular, it has aimed to the optimization of the FW geometric configuration to
maximize the heat flux it may safely withstand fulfilling all the thermal, hydraulic and mechanical requirements foreseen by safety codes. To this purpose a numerical approach based on the Finite Element Method (FEM) has
been adopted, performing parametric analysis and adopting the qualified commercial ABAQUS v.6.14 FEM code.

The FW characteristic geometric parameters potentially affecting its thermo-mechanical performances have been identified and for each of them a proper set of values has been considered. From their combination, 5929
different FW geometric configurations have been obtained and the thermo-mechanical behaviour of each of them has been investigated when exposed to 26 different values of heat flux (@), equally spaced in the range 0.5+3
MW/m?, to assess the maximum sustainable @. Therefore, for each FW configuration, 26 different thermal cases have been simulated for a total of 154154 thermo-mechanical analyses.
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In a first step, all the 154154 steady state FEM thermal analyses have been run, allowing to check the fulfillment of the following FW thermal-hydraulic requirements:

* maximum FW coolant velocity lower than 8 m/s;

« structural material (EUROFER RAFM steel) maximum temperature lower than 550 °C.

During the second step, attention has been focussed onto the 66443 thermal cases complying with the thermal-hydraulic requirements and their thermo-mechanical performances have been
investigated under both steady state Level A (Normal Operation) and Level D (Over Pressurization) loading conditions. Stress linearization procedures have been performed in critical paths
of the FW to verify whether its stress state would comply with the SDC-IC safety rules.

Four FW configurations have been found to fulfil all the thermal-hydraulic and thermo-mechanical requirements up to a maximum ® value of 2 MW/m?. In order to verify the parametric
analysis outcomes, four different more realistic 3D FEM models have been set-up, each one including also Pb-Li breeder, Double Walled Tubes (DWTs) and cooling water flow domain.
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Results have shown that these 4 configurations fail to verify SDC-IC safety requirements in the region between the FW and the caps, indicating that a geometric review of the module design is needed.
OPTIMIZATION OF THE BREEDER ZONE DWTs NUMBER

A research campaign has been carried out at DEIM to investigate the potential influence of the breeder zone (BZ) cooling DWTs number on the thermal performances of the new concept of the DEMO WCLL breeding
blanket, developed within the framework of EUROfusion activities. To this purpose, attention has been paid to the equatorial module of the WCLL outboard breeding blanket, endowed with a flat FW, equipped with
toroidal-radial square cooling channels, and toroidal-radial bundles of BZ DWTs. The research has been intended to optimize the DWTs configuration, finding the minimum number of tubes letting the module thermal field
fulfill all the prescribed thermal-hydraulic requirements. In particular, 5 different configurations have been investigated taking into account bundles of 18, 20, 22, 24, 26 DWTs for each module poloidal segment.
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As to the 22 tubes configuration, results indicate that the EUROFER Twax amounts to 536.1 °C, resulting lower than the limit value (550 °C). Moreover, the maximum coolant velocity amounts to 6.67 m/s, being lower than
the limit value of 8 m/s. Therefore, 22 is the minimum number of DWTSs needed to ensure the fulfillment of the prescribed thermal-hydraulic requirements. Nevertheless, 26 tubes configuration represents the best case among
those assessed, since the minimum Ty.x values are predicted for steel and breeder, being at the same time met the hydraulic safety criterion. The thermal field relevant to 26 tubes configuration is shown below.
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