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Fig. 5. Images of streamlines and velocity magnitude at 60 °C of temperature. a) Behavior of streamlines in the distribution manifold to the pipes. Small differences
in the flow rate of the pipes could be introduced by circulatory behavior in certain flow regions. b) Detail of the behavior of streamlines within the pipes, where the
velocity magnitude is confirmed to vary from 11 m/s to higher values due to swirl effects. It can be observed that the velocity is very high in the restriction, which
causes the greater pressure loss typical of the two lateral pipes of the external target.

Fig. 6. Pressure drop and Velocity Trends in the Pipe and Cassette Body at 60 °C of temperature. a) Pressure drop Trend in a Central Pipe (number 6) and some
numerical values along centre line of the tube. The pressure variation along one of the central pipes is observed. Rapid variations occur in the presence of swirls,
which induce a greater pressure drop compared to an empty pipe. The pressure drop in the single pipe is approximately 5 Bar b) Pressure Trend in the Cassette Body.
The presence of baffles causes discontinuous pressure variations, as the baffles induce localized pressure losses. c¢) Velocity Trend in a Central Pipe. The velocity is
confirmed to be approximately 11 m/s in the swirl targets, with an increase due to the 90-degree elbow. d) Velocity Visualization Through Streamlines in

cassette body.

Key findings revealed that flow imbalances, introduced by recircu-
lation zones in the distribution manifold, remained within acceptable
limits (about 4 %), while the copper swirl inserts significantly enhanced
thermal exchange by inducing turbulence, a critical requirement for
handling the intense thermal load generated in a Tokamak environment.

The study also validated the cooling system ability to maintain a
safety margin of 1.4 under design thermal loads, confirming its robust-
ness against critical heat flux conditions. Pressure and velocity trends

indicated that the system effectively manages the thermal and hydraulic
stresses imposed by the reactor’s high-power demands. These findings
contribute valuable design strategies for future fusion reactors,
enhancing their reliability and longevity under extreme conditions.

The insights obtained from this analysis will contribute to optimizing
the divertor cooling systems for future high-performance fusion re-
actors, supporting the development of robust power exhaust solutions
for DEMO and subsequent fusion energy systems.



