Study of a WCLL breeding blanket
concept for a compact nuclear fusion
reactor

Design and optimization of a breeding blanket for a
fusion reactor. From 2D parametric studies to 3D
multiphysics validation.
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Introduction

Nuclear fusion offers a promising carbon-free energy pressurized water for cooling and liquid lithium-lead for
source, but requires tritium, a rare hydrogen isotope, tritium generation. In compact fusion reactors, higher
produced by breeding blankets surrounding the plasma. heat fluxes impose stronger thermal and mechanical
This component must ensure tritium production, stresses, demanding adaptations of the WCLL design.
efficient heat removal with limited pressure drops, and This work studies such adaptations through thermal and
structural integrity under thermo-mechanical loads. The mechanical simulations, aiming at an optimized model.

Water-Cooled Lithium Lead (WCLL) concept uses
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Methodology

%\:“’1‘ The first step was a 2D thermal model of the repeating unit of the
gl breeding blanket, involving over 15 parameters. Some were set by
basic physics, others optimized through parametric studies
(thousands of combinations), applying filters on temperature limits
and water speed before selecting the best solution.

A refined 2D model then included aspects like blanket resistance
under accidents and stiffeners temperature.

Finally, a full 3D multiphysics model validated the design, simulating
Figure 1. Process from 2D repeating unit model to complete 3D model heat loads, water flow, and mechanical stresses, and guiding final
adjustments.

Results

3D multiphysics calculations validated the design regarding
key criteria: allowable material temperatures, interface
temperatures to prevent corrosion or boiling, water speed,
mechanical resistance in several conditions, and pumping
powetr.
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Figure 2. Left: Temperature field on structural material. Middle: Streamlines
with speed color scale. Right: Temperature field at midplane
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The main advantage of this new design is the reduced
number of cooling pipes (160 instead of 400), which
increases reliability by lowering the number of welds and
thus the risk of failure.
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