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Towards multiphysics and multiscale applications with h-AgFEM
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An overview of unfitted FE methods for interface problems

Interface Poisson problem
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Approximation method
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SIPM or other Nitsche formulations

» Naive SIPM+FEM: 7 unbounded
for arbitrarily small cut size [HH02]

+ Robustness to cut location via, e.g.,
stabilization (CutFEM) [Bur+15]

» Robustness to material contrast via
harmonic {-}} and diag. prec. [Bur+15]
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Is AQFEM suitable for interface elliptic BVPs?

Contents:

 Construction of aggregated FE spaces
+ Approximation of the interface problem
* Numerical analysis

» Numerical experiments

« Verification in uniform meshes

* Robustness w.r.t. cut location

* Robustness w.r.t. material contrast

» Robustness and optimality in tree-based meshes
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Construction of AgFE spaces in interface problems

Recalling the rationale: improve conditioning by removing problematic DOFs

V}?gg = {ue Vi ux = Z Cyote VX E’P}
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Construction of AgFE spaces in interface problems

In our context: constrain by cell aggregation at both subregions
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Approximation of interface problem with Nitsche’s method

Local FE operators: For any K € T, we define
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where T = Bxhy', with 8x > 0 large enough, is a stabilization parameter and weighted average
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Approximation of interface problem with Nitsche’s method
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interface-AgFEM inherits key boundary-AgFEM inverse inequalities

Trace inverse inequality for unfitted boundary [BVM18]
For any v, € V¢ and K € Tj, ,

In - Vorll3 rpax < Cohi VRl g,

where Qf is the domain of the aggregate where K belongs and C; independent of mesh size and
cut location.

Trace inverse inequality for unfitted interface
For any v, € V;**® and K € Ty, ,

9 _q ainaout 2 %
[ - faVonRlo ran < Cohie omooue (vahHO,QKin + vahHO,QKuut) )
where Q'/°"" is the aggregate domain at Q/°"* and C, independent of mesh size and cut

location.
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Summary of numerical analysis

Well-posedness and a priori error estimates
Let V(h) = V;*8% + Hg(Q) n H*(Q™ U Q°"") and define for any v € V,*#® the norms
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A(un, un) 2 unldn) for all uy, € V,7%® (stability if S 2 25 %5)
Au,v) S lully ) \||v|\|f/(h) for all u,v € V(h) (continuity)
|w — unll; gin,gout S AP forall uy, € V;*** and w € V(h)  (optimal convergence in H')
lu = un g qin,gous < AP forallue V(h) and u, € V,2#%  (optimal convergence in L?)

where the constants are independent of cut location.
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Numerical verification experiments
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Robustness w.r.t. to cut location in popcorn Q2 with « ¢ V,¢®

Bounding box scaling: a — 1 + ah
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Condition numbers w/ standard FEM: condest (A*'?)

Material constrast: log,, a®" /o
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Robustness w.r.t. to material contrast in popcorn Q2 with v ¢ V;'**

Condition numbers w/ AQFEM: condest(A™) Condition numbers w/ AQFEM: condest (D! A=)
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Robustness and optimality in h-adaptivity: Fichera-corner
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Robustness and optimality in h-adaptivity: Fichera-corner

vt = 2" sin aiO, o~ =2/3, at =4 Q2 and adaptive refinements
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Conclusions and further work

AgFEM shows good properties, in the context of interface elliptic BVPs, but further study is required:

1. more experimentation on tree-based meshes

2. accuracy of the quantities at the interface (traces, fluxes...)
3. comparison against other well-behaved methods
4.

multimaterial, elasticity, moving interfaces, scalability...
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