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ABSTRACT

Predicting the wind influence on light-weight structures is a topic of high interest especially in civil
engineering. Typically, wind-tunnel experiments are performed e.g. to determine significant pressure
distributions or test different design studies. But extremely ligh-weight and optimized membrane struc-
tures often show a coupled behavior that cannot be captured within a wind tunnel environment. There-
fore the development of a numerical toolkit capable of performing these kind of simulations is the aim
of this research project.

The reqirements for this toolkit are demanding and manifold. The core requirement to capture the
coupled behavior is the ability to perform coupled aeroelastic transient computations. For this a parti-
tioned approach is chosen. In order to ensure stability a fully implicit fixed-point coupling scheme with
Aitken-based under-relaxation is used.

The structure field formulation is based on the Finite Element Method. Due to the large displacements a
geometric nonlinear formulation is necessary and the transient behavior is covered by the Generalzed-α
time integration scheme. Shell and membrane elements are used to model the membrane structures.

The fluid is assumed to be incompressible and is simulated by the Finite Volume Method. An ALE
formulation is used to capture the mesh movement. Due to highly turbulent and complex wind flow
characteristics currently Large Eddy Simulations are performed using a dynamic Smagorinsky subgrid-
scale model.

One major challenge of the numerical wind simulation on buildings is the correct reproduction of the
natural wind conditions in the up-stream direction of the flow. In other words, the inflow conditions of
the fluid flow domain must be defined according to the required conditions of the task. Mostly, only
simplified wind profiles, which do not take into account natural atmospheric turbulences, are used.
In contrast, experimental wind tunnel investigations include these natural atmospheric turbulences. A
specific wind module has been built and integrated to OpenFOAM, which contains the generation of
multi-correlated wind velocity time series and specific interpolation routines.

In the presentation two benchmark computations on the specific subproblems of coupled behavior and
Large Eddy Simulation will be shown. Additionally, an illustrative real world example on coupled
behavior of membrane structures under wind influence will be given.
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Figure 1: Flowfield of coupled and turbulent simulation, real-world example


