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Abstract

Magnetic Resonance Velocimetry (MRV) allows measurements of the three-
dimensional velocity field in complex channels in which no other measurement
technique can be applied. In particular, the combination of MRV with inexpensive
rapid prototyping techniques allows fast measurement cycles of arbitrary designs.
In this thesis, a recent engineering problem is used to demonstrate the usefulness
of MRV for industrial design processes: the cyclone cooling of turbine blades.
Cyclone cooling is a modern cooling concept which employs strongly swirling flows
in the internal passages of the turbine blade. At the Reynolds numbers and high
swirl intensities which are needed for cooling, the flow is characterized by strong
anisotropic turbulence and instability. These features prohibit the use of simple
turbulence models in CFD. Because of this reason, there is only scarce information
available on the flow behavior in cyclone cooling systems. MRV provides a powerful
means to gain a deeper understanding of the flow behavior in such systems. Based
on a comprehensive parameter study with simplified non-rotating cyclone cooling
models employing isothermal water as flow medium, it is examined how the flow
reacts to changes in the main parameters of the system. A number of new findings
are presented which underline the usefulness of MRV for such applications. In brief,
it is found that the downstream condition of the cyclone cooling system is one of the
most crucial parameters for the robustness of the system. For example, small changes
at the channel outlet can lead to significant variations in the flow pattern inside
the entire channel, leading to unpredictable changes in the cooling characteristics.
Therefore, as a rule of design, the flow has to be made insensitive to these influences.
A number of straight-forward measures are presented which provide the necessary
conditions. The transferability of these findings from the simplified cyclone cooling
models to the real application is verified by means of a numerical simulation and
a realistic cyclone cooling system that is measured with MRV. In conclusion, this
thesis demonstrates the potentials of MRV to contribute to quick and accurate design
processes in the fluid mechanics industry. As a possible future scenario, MRV could
be integrated in the actual layout of a turbine blade cooling system, or likewise to
similar problems in engineering.
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