
The 8th European Congress on Computational Methods in Applied Sciences and Engineering
ECCOMAS Congress 2022

5-9 June 2022, Oslo, Norway

Discontinuous Galerkin method for the computation of
axisymmetric flows

A. Bosco1,2, V. Perrier2,1 and J. Jung1,2

1 LMAP, E2S UPPA, Avenue de l’Université, 64013 Pau, anthony.bosco@univ-pau.fr
2 Cagire, INRIA Bordeaux Sud-Ouest

Keywords: Computational fluid dynamics, Discontinuous Galerkin Method, Axisymmetric
flows, Numerical Methods, High order methods

In many engineering problems, the geometry of the problem contains symmetries, which
can be used to simplify the governing equations. An axisymmetric problem, in cylindrical
coordinates (r, θ, z), possesses a symmetry around the z-axis, where the problem can
be rewritten into a 2-D one. In fluid dynamics, this hypothesis can be used to study,
for instance, the near wake for flows around circular cylinders [1], while reducing the
computational cost. For these type of flows, Navier Stokes’ equations can be simplified
further by considering non-swirling flows, removing an equation for the angular momentum
and effectively reducing the problem to a 2-D flow with additional source terms.
Going from the 3-D problem to the axisymmetric equations naturally introduces the
weighted Sobolev spaces Hk

α(Ω), in which an analysis of the a priori error has been done
in [2] in the context of continuous Galerkin methods. These results can be extended to
discontinuous Galerkin methods by deriving additional inverse inequalities in Hk

α(Ω) and
applying them e.g. to the BR2 scheme for the elliptic terms [3].
Source terms from the axisymmetric hypothesis can depend on the gradient of the solution,
and require additional care when developing DG methods. As shown in [4] in the case
of turbulence modelling, optimal error estimates in L2 norm can be obtained by using a
dual-consistant discretisation of the source terms. The dual consistant discretisation also
allows to move additional terms from the axisymmetric viscous flux into the source term,
allowing us to use an existing 2-D solver. These methods have been applied to model
problems with advection, diffusion, as well as compressible Euler and compressible Navier
Stokes equations. Future work and applications involve the simulation of axisymmetric
supersonic turbulence, e.g. reproducing the experiment in [1].
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