
6th European Conference on Computational Mechanics (ECCM 6)
7th European Conference on Computational Fluid Dynamics (ECFD 7)

11-15 June 2018, Glasgow, UK

Scalable Iterative Solvers for Immersed Finite Element Methods

Frits de Prenter1∗, Clemens Verhoosel1, Joseph Benzaken2, John Evans2 and
Harald van Brummelen1

1 Eindhoven University of Technology
2 University of Colorado Boulder

Keywords: Immersed Finite Elements, Preconditioning, Multigrid, Iterative Solvers

Immersed finite element methods are useful tools to preclude expensive meshing opera-
tions for problems posed on complex [1] and/or scanned domains [2]. A common pitfall
of immersed techniques is, however, ill-conditioning of the linear system [3, 4]. This
impedes the convergence of iterative solvers, and often compels researchers to resort to
direct solvers [5]. This hinders the efficient and inexpensive computation of solutions of
large sparse systems, as the computational cost of direct solvers does not scale well with
the size of the linear system, making them unsuitable for the increasingly large problems
being solved by immersed methods, e.g. [6].

In [4] we have analyzed the fundamental cause of ill-conditioning of immersed finite ele-
ment methods and, based on this analysis, in [7] we have developed a preconditioner that
is tailored to immersed flow problems. We demonstrate that this preconditioner brings
the condition number down to that of standard, mesh-fitting, finite elements, such that
the linear system can be solved iteratively. Like standard finite elements, the conditioning
of this preconditioned system still depends on the grid size however.

In this contribution we shortly describe the cause of the conditioning problems and the
developed preconditioner, and extend this approach to investigate possibilities to apply
the preconditioner as a smoother in a multigrid cycle to develop a scalable solver that is
robust to both the grid size and how elements are cut.

REFERENCES

[1] D. Schillinger, L. Ded, M.A. Scott, J.A. Evans, M.J. Borden, E. Rank and T.J.R.
Hughes: An isogeometric design-through-analysis methodology based on adaptive
hierarchical refinement of NURBS, immersed boundary methods. Comp. Meth. App.
Mech. Engng. 2012.

[2] M. Ruess, D. Tal, N. Trabelsi, Z. Yosibash and E. Rank: The finite cell method for
bone simulations: verification and validation. Biomech. Model. Mechanobiol. 2012.

[3] E. Burman, S. Claus, P. Hansbo, M. Larson and A. Massing: CutFEM: Discretizing
geometry and partial differential equations. Int. Jour. Num. Meth. Engng. 2014.

* Corresponding author - F.d.Prenter@tue.nl



2

[4] F. de Prenter, C.V. Verhoosel, G.J. van Zwieten and E.H. van Brummelen: Condition
number analysis and preconditioning of the finite cell method. Comp. Meth. App.
Mech. Engng. 2017.

[5] M. Ruess, D. Schillinger, A.I. zcan and E. Rank: Weak coupling for isogeometric
analysis of non-matching and trimmed multi-patch geometries. Comp. Meth. App.
Mech. Engng. 2014.

[6] F. Xu, D. Schillinger, D. Kamensky, V. Varduhn, C. Wang and M.-C. Hsu: The
tetrahedral finite cell method for fluids: Immersogeometric analysis of turbulent flow
around complex geometries. Comp. Fluids. 2016.

[7] F. de Prenter, C.V. Verhoosel and E.H. van Brummelen: Preconditioning im-
mersed isogeometric finite element methods with application to flow problems. arXiv
preprint. 2017.


