6th European Conference on Computational Mechanics (ECCM 6)
7th European Conference on Computational Fluid Dynamics (ECFD 7)
11 15 June 2018, Glasgow, UK

ISOGEOMETRIC ANALYSIS FOR 2D AND 3D MHD
SUBPROBLEMS: SPECTRAL SYMBOL AND FAST
ITERATIVE SOLVERS

Carla Manni!, Mariarosa Mazza®>*, Ahmed Ratnani®, Stefano
Serra-Capizzano?, and Hendrik Speleers®

1 University of Rome “Tor Vergata”, Via della Ricerca Scientifica 1, 00133 Roma, Italy,
manni@mat.uniroma?2.it
2 Max Planck Institute for Plasma Physics, Boltzmannstrale 2, 85748 Garching bei Miinchen,
Germany, mariarosa.mazza@ipp.mpg.de
3 Max Planck Institute for Plasma Physics, Boltzmannstrafle 2, 85748 Garching bei Miinchen,
Germany, ahmed.ratnaniQipp.mpg.de
4 University of Insubria, via Valleggio 11, 22100 Como, Italy, stefano.serracQuninsubria.it
5 University of Rome “Tor Vergata”, Via della Ricerca Scientifica 1, 00133 Roma, Italy,
speleers@mat.uniroma2.it

Key words: MHD model, isogeometric analysis, B-spline discretization, spectral distribution
and spectral symbol, Toeplitz and GLT matriz-sequences, multigrid techniques, Krylov precondi-
tioning

In this talk, we focus on large and highly ill-conditioned linear systems arising from a B-Spline
discretization of some 2D and 3D parameter-dependent magnetohydrodynamics (MHD) sub-
problems encountered when macroscopically describing the behavior of the plasma. We show
that the sequence of the involved coefficient matrices belongs to the Generalized Locally Toeplitz
(GLT) class [2] and we compute the spectral symbol describing its asymptotic eigenvalue dis-
tribution. The study of the symbol and of its eigenvalue functions shows that the coefficient
matrices are affected by various sources of ill-conditioning related to both physical and approx-
imation parameters. We use then the retrieved spectral information to design a strategy made
up of spectrally complementary iterative solvers able to satisfactory deal with the sources of
ill-conditioning. In detail, we use a 2D and 3D vector extension of the multi-iterative approach
already proposed in the literature [1] for the scalar Laplacian operator as preconditioner for a
Krylov-type method. Several numerical examples show that the resulting solver is computation-
ally attractive and robust with respect to the relevant parameters.

REFERENCES

[1] Donatelli M., Garoni C., Manni C., Serra-Capizzano S., and Speleers H., Robust and optimal
multi-iterative techniques for IgA Galerkin linear systems, Comput. Methods Appl. Mech.
Engrg., (2015) 284, pp. 230-264.

[2] Garoni C., and Serra-Capizzano S., Generalized Locally Toeplitz Sequences:  The-
ory and Applications - Vol I, Springer Monographs, 2017, ISBN: 978-3-319-53678-1,
http://www.springer.com/gp/book /9783319536781.



