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ABSTRACT

Many contemporary problems in engineering and the applied sciences cannot be solved or adequately 
analyzed by just looking at one (physical) field or at one (spatial and/or temporal) scale. These facts 
motivated huge research efforts in recent years, since a variety of robust modeling and simulation 
approaches  are  needed  to  tackle  such  coupled  field  problems  (often  also  called  multifield  or 
multiphysics problems) as well as multiscale problems. And in many of these problem classes the 
flow field and flow solver, respectively, manifest as essential parts of the problem as well as of the 
modeling and simulation approaches.
Many of the approaches we are presenting are not tied to any specific flow solver. Nevertheless the 
lecture will start with a brief presentation of our CFD approach. In this approach the large spectrum of 
scales  already present  in  many  pure  flow  problems  is  tackled  through  a  Variational  Multiscale 
approach and transfer  between scales  is  realized with algebraic  multilevel  strategies.  This  AVM-
approach has been successfully applied to all different flow regimes – from laminar to transitional and 
turbulent – and both to incompressible as well as to low Mach number flows.
In recent years our own research activities covered quite a lot of different multifield and multiscale 
problems  coming  from  very  different  applications  areas.  Among  others  they  range  from  fluid-
structure interaction to electrochemical, two-phase and combustion problems and cover application 
areas from Aerospace to Bioengineering and Biophysics.  A brief  overview will  both demonstrate 
involved fields and scales as well as solution strategies in these problem classes. Usually all these 
problems are becoming very big and hence efficiency is a crucial aspect, besides adequate modeling 
and accurate and robust methods.
From the above spectrum of problem classes fluid-structure interaction (FSI) will be selected for a 
more detailed presentation. Besides more classical ALE type of approaches we will show advantages 
of a recently proposed fixed-grid approach in some important scenarios. Independent of the specific 
formulation, efficient and robust solution strategies are essential for enabling treatment of complex 
applications and we will demonstrate superior performance of a recently proposed AMG based solver.
We will also look into different scales in FSI, e.g. scales where intermolecular and surface potentials 
are important aspects that need to be covered. In some cases contacting submerged bodies need to be 
described and we will show a novel fluid-structure-contact interaction approach. Special care also has 
to be taken when the flows in FSI scenarios are turbulent. All methods will be described and their 
performance will  be  demonstrated along with applications  from different  fields.  Some especially 
challenging applications from computational bioengineering will be included – some of those even 
asking for specific formulations like volume coupling FSI.
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