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Due to the transformation process currently taking place in the energy production sector,
the use of energy gained from renewable power sources is increasing. In case of deriv-
ing energy from running water hydropower turbines are the state-of-the-art machinery,
whereas water wheels are the method of choice in order to convert the potential energy
as well.

The rotating water wheel, surrounded by air and water, poses a three field system con-
sisting of a structure and two fluids. Due to the elasticity of the rotor blades the stresses
of the fluid acting onto the structure deform the blades, which in return yields a time-
dependent flow domain. Therefore water wheels in a streaming fluid represent a typical
example of fluid-structure interaction. In particular interaction phenomena with a signifi-
cant influence on the performance on the water wheel take place in the inflow and outflow
region as well as in between the rotor blades in the transition region from head to tail
water level. The interaction phenomena occurring there do highly influence the efficiency
of the overall system.

In this contribution the governing equations of incompressible fluid flow are presented
using primal variables velocity and pressure and are discretised via the space-time finite
element method [1]. The discretised model equations of the fluid are stabilised using an
SUPG/PSPG approach. Shape and test functions are continuous within the space-time
slabs, while across the space- time slabs the shape and test functions are continuous only
in space, but discontinuous in time yielding a time-discontinuous Galerkin approach.
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Due to the moving rotor blades a mesh moving technique needs to be incorporated into the
computational set-up. Considering the occurring large but regular displacements of the
flow boundary arising from the rotating rotor blades the shear-slip mesh update method
(SSMUM) [2] as discontinuous mesh moving technique is applied.

In this contribution the interface between air and water is described implicitly only using
a level set method [3] with a signed distance function. In doing so, the original three field
system reduces to a two field system in which the interface between the remaining fluid
with varying material parameters and the structure is discretised explicitly via coincident
nodal points in combination with the SSMUM.

By considering different test examples the accuracy and robustness of the numerical
method developed is examined. In particular, the order of integration of the jump term
of the shear-slip layer elements and mass conservation in the two fluid phases as well as
energy conservation of the whole system will be discussed in detail. Finally, the verified
numerical method is applied to the overall water wheel system and the gained numerical
results are compared to experimental data.
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