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The particle exhaust system plays a critical role in the operation and overall performance of 

fusion reactors, directly influencing the efficiency and sustainability of the fusion process. 

The divertor as a key component of this system, aims in removing heat and impurities 

produced in the plasma vessel. Modeling the divertor region, however, presents a formidable 

challenge, due to its intricate 3D geometry and the complex behaviour of neutral gas flows, 

that span a wide range of gas collisionality. 

In the present work, advanced complex numerical simulations are presented, of the particle 

exhaust system in the DEMO fusion reactor, with a special focus on the divertor region. The 

Direct Simulation Monte Carlo (DSMC) method is applied in this work, which allows for an 

accurate description of the gas flow across a broad range of gas collisionality. Given the 

geometric complexity and the computational effort required for this type of simulations, the 

use of high-performance computing (HPC) resources is indispensable. The results presented 

here have been obtained using the PITAGORA HPC system on CINECA, and performed 

using the DIVGAS workflow [1-4], developed by our team at KIT, which has been 

successfully applied in several fusion reactor studies. The simulations are performed under 

representative plasma boundary conditions, enabling a detailed analysis of neutral particle 

transport in the divertor region. The study examines multiple aspects of the geometry, 

investigates the influence of different physical effects, and considers leakage phenomena that 

affect divertor performance. The results offer valuable insights for the ongoing optimization 

of the DEMO particle exhaust system. 
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