
Accepted Manuscript

A cut finite element method for the Bernoulli free boundary value
problem

Erik Burman, Daniel Elfverson, Peter Hansbo, Mats G. Larson, Karl
Larsson

PII: S0045-7825(16)31114-8
DOI: http://dx.doi.org/10.1016/j.cma.2016.12.021
Reference: CMA 11267

To appear in: Comput. Methods Appl. Mech. Engrg.

Received date: 9 September 2016
Revised date: 9 December 2016
Accepted date: 12 December 2016

Please cite this article as: E. Burman, D. Elfverson, P. Hansbo, M.G. Larson, K. Larsson, A cut
finite element method for the Bernoulli free boundary value problem, Comput. Methods Appl.
Mech. Engrg. (2016), http://dx.doi.org/10.1016/j.cma.2016.12.021

This is a PDF file of an unedited manuscript that has been accepted for publication. As a
service to our customers we are providing this early version of the manuscript. The manuscript
will undergo copyediting, typesetting, and review of the resulting proof before it is published in
its final form. Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.cma.2016.12.021


A Cut Finite Element Method for the
Bernoulli Free Boundary Value Problem ∗

Erik Burman† Daniel Elfverson‡ Peter Hansbo§

Mats G. Larson¶ Karl Larsson‖
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Abstract

We develop a cut finite element method for the Bernoulli free boundary problem.
The free boundary, represented by an approximate signed distance function on a fixed
background mesh, is allowed to intersect elements in an arbitrary fashion. This leads
to so called cut elements in the vicinity of the boundary. To obtain a stable method,
stabilization terms are added in the vicinity of the cut elements penalizing the gra-
dient jumps across element sides. The stabilization also ensures good conditioning
of the resulting discrete system. We develop a method for shape optimization based
on moving the distance function along a velocity field which is computed as the H1

Riesz representation of the shape derivative. We show that the velocity field is the
solution to an interface problem and we prove an a priori error estimate of optimal
order, given the limited regularity of the velocity field across the interface, for the
the velocity field in the H1 norm. Finally, we present illustrating numerical results.
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