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ABSTRACT

Many  advanced  engineering  problems  require  the  numerical  solution  of  multidomain,
multidimension,  multiphysics  and multimaterial  flow problems  with  interfaces.  When the
interface  geometry is  highly  complex  or  evolving  in  time,  the  generation  of  conforming
meshes  may  become  prohibitively  expensive,  thereby  severely  limiting  the  scope  of
conventional  discretization  methods.  For  instance,  the  simulation  of  geological  flow  and
transport problems requires a series of highly non-trivial steps to transform geological image
data into conforming domain discretizations which respect complex geometric structures such
as faults and large-scale networks of fractures. Potential multidimensional coupling between
bulk and fracture related quantities poses additional challenges. The mesh generation problem
is even more pronounced if the geometry of the model domain changes substantially in the
course of the simulation,  e.g.,  for multiphase flows, where the interface between different
fluid phases can undergo large and even topological changes when bubbles merge or break
up. Similar challenges are encountered in parameter studies and optimization problems with
changing geometric domains.

A potential remedy to these challenges are flexible numerical schemes for PDEs which allow
to  embed  complex  or  changing  domain  parts  freely  into  a  static  and  easy-to-generate
computational domain. Consequently, so-called unfitted finite element methods such as the
extended finite  element  method,  unfitted discontinuous Galerkin methods,  traceFEMs,  cut
finite element  and finite cell methods, and related techniques have received a lot of attention
in recent years. The objective of this minisymposium is to present the latest advances and
application areas for unfitted finite element technologies for complex flow problems, and to
discuss their theoretical and implementational challenges.
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