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ABSTRACT

In this talk, I will give an overview of the last advances in unfitted finite element techniques
for the numerical approximation of partial differential equations. Standard finite element
methods (FEMs) require cumbersome and time-consuming body-fitted mesh generation.
Conversely, unfitted FEMs provide a great amount of flexibility at the geometrical
discretisation step. They can embed the domain of interest in a geometrically simple
background grid (usually a uniform or an adaptive Cartesian grid), which can be generated
and partitioned much more efficiently. Analogously, they can easily capture embedded
interfaces. As a result, unfitted FEMs are generating interest in applications with moving
interfaces and varying domains. However, naive unfitted methods lead to unstable and severe
ill-conditioned discrete problems, unless a specific technique mitigates the problem [1].
Different techniques have been developed so far, which rely on perturbation (stabilisation) of
the problem itself, or a redefinition of finite element spaces based on aggregation meshes and
discrete extension operators [2,3]. We will describe the main challenges and methods. We will
show links between different approaches and their effectiveness. We will cover topics like
space-time discretisations [4], moving interfaces [5], adaptive refinement [6] and high-contrast
interface problems [7]. We will also discuss the geometrical discretisation and integration
steps in the unfitted workflow [8]. Numerical analysis results, experiments, and
implementation aspects will be discussed.

REFERENCES

[1] F de Prenter, CV Verhoosel, EH van Brummelen, MG Larson, S Badia. “Stability and
conditioning of immersed finite element methods: analysis and remedies”, Archives of
Computational Methods in Engineering 30 (6), 3617-3656, 2023

[2] S Badia, F Verdugo, AF Martin. “The aggregated unfitted finite element method for elliptic
problems”, Computer Methods in Applied Mechanics and Engineering 336, 533-553, 2018

[3] S Badia, E Neiva, F Verdugo. “Linking ghost penalty and aggregated unfitted methods.”
Computer Methods in Applied Mechanics and Engineering 388, 114232, 2022

[4] S Badia, H Dilip, F Verdugo. “Space-time unfitted finite element methods for time-dependent
problems on moving domains”, Computers & Mathematics with Applications 135, 60-76, 2023

[5] S Badia, PA Martorell, F Verdugo. “Space—time unfitted finite elements on moving explicit
geometry representations”’, Computer Methods in Applied Mechanics and Engineering 428,
117091, 2024

[6] E Neiva, S Badia. “Robust and scalable h-adaptive aggregated unfitted finite elements for
interface elliptic problems”, Computer Methods in Applied Mechanics and Engineering 380,
113769, 2021

[71 S Badia, AF Martin, E Neiva, F Verdugo. “The aggregated unfitted finite element method on
parallel tree-based adaptive meshes”, SIAM Journal on Scientific Computing 43 (3), C203-C234,
2021

[8] S Badia, PA Martorell, F Verdugo. “Geometrical discretisations for unfitted finite elements on
explicit boundary representations”. Journal of Computational Physics 460, 111162, 2024


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=mljtaIAAAAAJ&cstart=20&pagesize=80&sortby=pubdate&citation_for_view=mljtaIAAAAAJ:PVjk1bu6vJQC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=mljtaIAAAAAJ&sortby=pubdate&citation_for_view=mljtaIAAAAAJ:WJVC3Jt7v1AC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=mljtaIAAAAAJ&sortby=pubdate&citation_for_view=mljtaIAAAAAJ:WJVC3Jt7v1AC

