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Fluid - Structure - Interaction - A Still Challenging Topic

E. Ramma, Ch. F�orstera, S. Genkingera, W.A. Wallb

a Institute of Structural Mechanics; University of Stuttgart
b Chair of Numerical Mechanics; Technical University of Munich

Fluid structure interaction (FSI) problems are of great relevance in many engineering �elds. Pro-
found understanding of 
uid structure interation is essential to explain and predict a wide range
of physical phenomena among which are 
uid sloshing in tanks due to horizontal wind forces or
earthquake, wind-induced vibration of slender bridges or high-rise buildings, vibrating pipes and
the dynamics of o�shore structures due to cyclic sea currents.

This talk focuses on a wide spread FSI-subclass which studies the behaviour of incompressible
viscous 
ows and thin-walled structures exhibiting large deformations. Free surfaces often present
additional challenges for such problems. In order to understand 
uid structure interaction and
to obtain reliable numerical results both the structural and the 
uid part have to be adaequately
modelled and properly coupled.

The equations governing the �rst �eld, the 
uid velocity and pressure, are naturally written in
an Eulerian (spatial) framework. Thus the 
uid is described in a spatial coordinate system. The
structure �eld, on the other hand, is most appropriately formulated in a Lagrangean coordinate
system which follows the material displacement.

In order to close the gap between these two descriptions an Arbitrary Lagrangean Eulerian (ALE)
formulation is applied for the 
uid �eld. This allows for solving the 
uid equations on an arbitrarily
moving grid. Furthermore free 
uid surfaces can be included using an ALE framework. The ALE
formulation however requires the solution for the 
uid mesh which is treated as the third �eld
within the coupled problem.

In order to ease coupling Finite Element approximations are chosen for all participating �elds.

The 
uid is modelled as an incompressible viscous Newtonian 
uid. Its behavior is described by
the incompressible Navier-Stokes equations on the temporarily varying 
uid domain 
f . These
equations formulated for the unknown �elds of velocity and pressure read

@u

@t
+ (u� u

G) � ru� 2�r � "(u) +rp = f in 
f � (0; T )

r � u = 0 in 
f � (0; T );

with appropriate initial and boundary conditions. Here u denotes the unknown 
uid velocity, p
the unknown kinematic pressure, uG the grid velocity, � the kinematic viscosity, f the body force
in the 
uid, "(u) = 1

2
[ru+ (ruT )] the rate of deformation tensor and the stress tensor is de�ned

by � = �pI+2� "(u). Free surface e�ects are incorporated via a local Lagrange or height function
approach.

The classical Galerkin FEM formulation of the incompressible Navier Stokes equations exhibits
a number of numerical diÆculties and problems and requires additional stabilization means. A
Galerkin least-squares formulation is used in order to stabilize the variational form.

The structural domain is described by the equations of geometrically nonlinear elastodynamics

��d = r � S+ �b in 
s � (0; T )

with appropriate initial and boundary conditions.

The 
uid mesh is determined such that it sticks to the moving structural surface as well as rigid
walls while keeping the mesh deformation small and retaining admissible element distortions. An
example of a mesh, deforming with an rapidly changing 
uid domain is depicted in �gure 1 a).
The mesh topology is kept while the single nodes move. Intelligent mesh moving strategies reduce
the need for remeshing signi�cantly.
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Figure 1: a) Collapsing water column with increasingly deforming ALE mesh b) Tank with 
exible
membrane bottom (pressure solution)

Fluid-structure interaction is a classical surface coupled multi �eld problem. Both �elds in
uence
each other along the common interface where information has to be exchanged during the simula-
tion. It proves advantageous to solve the single �elds sequentially. Hence a partitioned iterative
staggered algorithm is used to solve the coupled system in every time step. Subiterations over the
�elds ensure continuity of displacements and forces along the coupling 
uid-structure interface and
guarantee a stable and accurate numerical simulation even over long time intervals.

The talk will include a short remark on turbulence modelling where an Large Eddy simulation
(LES) based on the variational multiscale method (VMS) is stressed.

Figure 2: Bridge cross section subjected to wind induced vibrations (pressure solution)

A number of examples will be presented. Figure 2 shows the result of a long-time simulation. The
depicted bridge cross section has been subjected to horizontally moving 
uid. The cross section is
sensitive to vortex shedding which causes increasing vibration. This eventually leads to failure of
the structure.

An example for a 3D-simulation of a �lled liquid storage tank with rigid walls and a 
exible
membrane at its bottom is depicted in �gure 1 b). For the numerical computation the system is
kept in equilibrium until t = 2:1 s by a surface load at the bottom. Then the load is removed and
the system starts to oscillate exhibiting large deformations.
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