MASTER THESIS
Development of airfoil pitch test rig for the large towing tank at
the TU Berlin

Figure 1: Towing tank experiments at the Technische Universität Berlin

The large towing tank at the Technical University of Berlin (Figure 1, top) is part of the
Institute of Fluid Mechanics and Technical Acoustics (ISTA) under the responsibility of the
Hermann-Föttinger Institute (HFI). Over the last 20 years it was used for various flow mechani-

cal experiments (e.g., of airfoils, vehicles, or boats). With a length of 250 meters, a width of 8.1
meters, and an average depth of approximately 4.5 meters, it is one of Europe’s largest towing
tanks. The test objects can be translated along the tank by a towing carriage at user-defined
submergence depths and computer-controlled velocities of up to 12.5m/s (45km/h). Transferring
aerodynamic investigations into the deep water towing tank offers multiple benefits compared to
wind tunnel experiments. Much higher Reynolds number are achievable due to the viscosity
of water and the relative motion between test object and quiescent environment enables a more
accurate representation of some real-life applications.
The aerodynamics of steady flows around airfoils is, for the most part, properly understood and
the theoretical framework has been validated by numerous experimental and numerical studies.
The towing tank research team focuses on the investigation of the flow dynamics around twodimensional airfoils at instationary conditions. Oscillatory changes in freestream velocity and
angle of incidence cause significant deviations from the steady flow conditions. These deviations
highly depend on amplitude and frequency of the unsteady motion. Three types of motion can
be defined: surge, pitch, and plunge, which significantly influence the flow physics and cause
unsteady loads.
The surge motion is simply generated by changing the towing carriage velocity. PIV results
obtained on a flat plate model at fixed indidence and sinusoidal velocity profiles are presented
in Figure 1 (bottom,right). The proposed master thesis focuses on the development of a test rig
for control of the model’s pitch angle.
In the conception phase of this work a decision must be made, whether the existing test rig
(Figure 1, bottom left) has to be reworked for 2D pitch experiments within the existing test rig
or if a completely new test rig for finite or infinite wings has to be developed.
Other considerations that have to be included are the design of a smooth and vibration-free
pitch angle rotation system, the streamlined design of the submerged parts and cable housings,
a suitable drive system for the pitch angle adjustment, and a sufficient optical access for laserbased measurement techniques (e.g., Partical Image Velocimetry). The work includes topics
such as conceptual design, construction, and, if time allows, manufacturing and testings in the
water towing tank. This work is available as a master thesis only due to the complexity of the
work.
Tasks:
• Development of different test rig concepts (modification of existing test rig and new design)
• Design of a fully functional pitch mechanism
• Setting up the components for the drive system and the pitch angle determination
• Stress analysis via Finite Element Analysis (FEA) and optimization of the design
Optional tasks:
• Manufacturing of all components
• Water towing tank experiments
Qualifications:
• Knowledge in fluid mechanics and measurement techniques
• Manual skills
• Knowledge in CAD/FEM
• Documentation in English or German
Begin of work: asap
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