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DESCRIPTION DU STAGE 

Thématique(s) : Computational fluid dynamics, discontinuous Galerkin, compressible Navier-
Stokes equations  

Type de stage :             Fin d’études bac+5       Master 2       Bac+2 à bac+4       Autres 

Intitulé : Development of a robust high-order DGSEM for the Navier-Stokes equations 

Sujet :  
Context: Discontinuous Galerkin (DG) methods consist in high-
order numerical schemes that can be used on generic mesh 
elements and which approximate the solution with element-wise 
polynomials. The discontinuous Galerkin spectral element method 
(DGSEM) is a sub-class of DG schemes. DGSEM have been 
extensively studied and several works have highlighted performance 
advantage with respect to classical modal DG methods and proven 
desirable properties, such as entropy stability [1] (enabling one to 
capture the physically relevant solution) and positivity (in order to 
avoid pathological computational results, such as negative 
densities). Most of these works treated hyperbolic systems. In order 
to treat complex turbulent flows for relevant industrial applications, 
we consider the compressible Navier-Stokes  equations including 
viscous terms.  

Description of work: Several tools exist in the literature to take into 
account the viscous terms, one of the most common being the so-
called BR2 (Bassi-Rebay of the second type) scheme. An analysis of this scheme should be considered in 
order to optimize its parameters and identify its advantages with respect to other standard tools. Part of the 
work would also consist in theoretically extend the entropy stability to the viscous case: a path that should 
lead to desirable results would be to move as in [2]. A subsequent step would be to use the limiters of [3] to 
develop positivity-preserving schemes. All these theoretical works should be corroborated by numerical 
experiences: this would include the development of a 1D DGSEM solver and its usage to perform relevant 
analyses.  
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Est-il possible d'envisager un travail en binôme ? Non 

Méthodes à mettre en oeuvre : 

Figure 1: Simulation of a shock-bubble 

interaction performed with entropy stable 

DGSEM scheme (credits [1])  
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 Recherche théorique  Travail de synthèse 

 Recherche appliquée  Travail de documentation 

 Recherche expérimentale  Participation à une réalisation 

Possibilité de prolongation en thèse : Oui 

Durée du stage :  Minimum : 5 mois    Maximum : 6 mois      

Période souhaitée : De mars à août  

PROFIL DU STAGIAIRE 

Connaissances et niveau requis : 

A solid background in Computational 
Mechanics (numerical analysis of PDEs), 
programming skills and motivation to learn are 
required  

Ecoles ou établissements souhaités : 

M.Sc. or Research Master in Applied Mathematics, Mechanics or 

a related discipline, with excellent academic records. 
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