Workshop APPLIED MATHEMATICS: METHODS AND MODELING
CRrRAIOVA, MAY 7 - 8, 2017

Fractional models for heat propagation. Applications in fusion plasma physics

Dana Constantinescu

Department of Applied Mathematics, University of Craiova, Romania

constantinescu.dana@ucv.ro

Abstract: After a short review of basic information on fractional calculus, the fractional diffusion
and heat equations are derived. It is shown that these fractional models involve memory effects
(through the fractional time derivative) and non-local spatial effects (through fractional spatial
derivatives). The practical importance of the theoretical enlargement is also discussed.

In order to show the usefulness of fractional models we focus on the description of heat propagation
during thermo-controlled nuclear reactions. These reactions occur in experiments made in tokamaks
(toroidal devices) in order to get energy through nuclear fusion. In this particular case the heat
propagation is correlated with the existence of a 3D magnetic field which is strongly anisotropic.
Some analytical considerations are made for models involving simple magnetic fields and specific
numerical methods are used for solving complex situations. The obtained results point out the
dependence of heat propagation on the ideal (unperturbed magnetic field) and on its perturbations.



