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ABSTRACT

Simulating coupled-field problems belongs to one of the most interesting and demanding topics in
engineering. Taking coupled behavior into account is necessary within a broad range of applications,
e.g. aeroelasticity, biomechanics, automotive or civil engineering. The emphasis of this work is in the
context of civil engineering, in which wind-induced dynamic behavior of light-weight structures is of
great interest. Therefore, this contribution belongs to the specific field of fluid-structure interaction
(FSI), capturing flow-induced effects onto very thin shell and membrane structures.

Having the intention of simulating real-world problems leads to very high requirements onto the used
methods: Complex models have to be solved in an efficient and robust way, based on appropriate phys-
ical models leading to reliable results.

The development of an efficient parallel toolkit for the simulation of FSI problems is the aim of this
work. A partitioned, surface-coupled approach is chosen, using different solvers for modelling the fluid
and the structure field. This has the benefit of using highly developed and specialized codes, leading to
a toolkit that is very flexible and simple to extend or modify.

The structural simulation is based on CARAT, a self-developed Fortran-based Finite Element code,
capable of solving problems with geometric and material nonlinearities, comprising algorithms for
explicit and implicit dynamics and different element types like shells, membranes or continua. In this
context, it is mainly used for formfinding of membrane structures and for nonlinear dynamic analysis
based on the Generalized-α method.

The fluid simulation is based on OpenFOAM, an Open Source object-oriented Finite Volume code,
offering a huge variety of different possibilities, which allows to build a solver tailored to the specific
needs of the respective problem. In this context, it is used as an incompressible, transient solver on
moving meshes in parallel. Different turbulence models are available and can easily be implemented.

The coupling between these two codes is performed by a self-developed object-oriented tool responsible
for the exchange of the physical quantities between the surfaces of the different fields and process



control during the simulation. Matching and non-matching grids can be used at the interface, whereas
the mapping is based on an interpolation scheme. For stability reasons, not only explicit but also fully
implicit coupling is possible, using an adaptive displacement predictor, which in turn results in more
efficient simulations.

The simulation toolkit is fully parallelized using the Message Passing Interface standard (MPI). There-
fore, calculations can be performed on multi-core workstations and supercomputers to reduce overall
simulation time. The presentation will be enhanced by illustrative examples.
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