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Abstract — The Darius turbine is one of the typical vertical axis flow turbines, but it has disadvantages such as low
efficiency, shaking etc. In this study, we implemented a variable shape blade and investigated the performance
improvement through open water channel experiments. Variable pitch and variable pitch-camber were chosen for
the variable shape, and aircraft-flap based mechanism was devised for the variable pitch-camber. Both the variable
pitch and the variable pitch-camber showed noticeable difference from the fixed pitch at the limited pitch angle of
10 degrees and the performance was improved by increasing the efficiency and moving to the lower TSR (tip speed
ratio). Also, it was indicated that TSRs of the variable pitch-camber shifted to lower values than those of the variable
pitch due to the superposition effect of pitch and camber. The experimental results show that the performance of the
variable shape blades can be improved and the competitiveness of the Darius turbine is expected to be improved through
practical experimental validation studies.

Keywords: Variable pitch(7}'H 3] X]), Variable pitch-camber(7}# | X]-78H), Darrieus turbine (CF2]-9-2~ E{HI),
Open water channel experiment(7l|5== 2 3])
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Fig. 1. CAD and prototype of the variable-pitch Darrieus turbine.

Table 1. Specification of the prototype

Diameter 300 mm
Number of blades 3
Blade span length 282 mm

Cord length 87.91 mm
Hydrofoil profile NACA0020
Pitch angle range 0° ~£10°

Pitch angle resolution 2°
Pitch axis 0.1c




0° £10°+8° +6° +4° +2°

Fig. 2. CAD and prototype of the variable pitch-camber Darrieus
turbine.
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Fig. 3. Definition of maximum camber and angle of chord line (upper);
variations of camber and angle of chord line versus pitch angles.

Fig. 4. Open water channel with vertical axis turbine experimental
apparatus.

Torque sensor control board

Fig. 5. Measurement and data acquisition system.
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Fig. 7. Efficiencies of fixed pitch and variable pitch Darrieus turbines
(Top: 0.625 m/s, Bottom: 0.725 m/s).
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Fig. 10. Pitch and camber formation in the prototype(left); pitch for-
mation of variable pitch turbine (middle) and camber formation of
variable pitch-camber turbine (right) during experiments.
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