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In recent years, the search for greater accuracy and predictivity in computational fluid dynamics, 

has pushed several researchers to explore and to develop new numerical methods able to handle 

partial differential equations. This is the case for plasma transport simulations in tokamak 

machines, where a 2D reduced fluid model is used to have a global understanding of the power 

exhaust in tokamaks, and its implications for both steady-state and transient heat loads on machine 

components. 

Progressing toward more accurate and more efficient numerical codes for the simulations of 

transport and turbulence in the plasma of tokamaks, we propose a new hybrid discontinuous 

Galerkin solver. The code solves the convection-diffusion equations for the conservation of ion 

particle density, particle flux in the direction parallel to magnetic fields, ion energy and electron 

energy. The code is able to handle both structured and unstructured meshes. The latter are very 

fruitful to extend the domain of the computation until to the center of the machine and allow more 

flexibility in the simulation of any complex shape.  

This work aims to show the possibility of simulating high temperature plasmas in tokamak 

machine using a finite element discretization not aligned with the magnetic flux. The challenge 

lies in the strong anisotropy that rises from the physical model which depends on Ti,e
5/2, so a flux 

limiter technique, compatible with the code framework, has been implemented to settle this 

problem holding a reasonable agreement with the physical model.  

The advantages due to unstructured grid allow us to perform simulations with time evolving 

magnetic configurations, avoiding expensive re-meshing of the computational domain. We have 

tested this capability of the code reproducing a whole experimental shot in global realistic 

geometry using parameters of a fusion machine under operation, focusing on the transient phase 

between limiter and diverted configuration and the effects on the performances of the machine. 

With the aim of reaching temperature close to that of a fusion machine in the core, an additional 

term that simulate the ohmic heating due to the current in the plasma has been implemented and 

integrated with the rest of the code. This allows us to study all that kind of phenomena that require 

interplay between core and edge like the heating of the plasma, the equipartition of energy and the 

transport of impurities from the edge to the core.    
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