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The objective of this study is to show the applicability of miniature wind turbine, which is based on a
butterfly wind turbine (BWT) of vertical axis type, to the energy harvesting. Eight miniature turbine
models (80 mm dia. and 60 mm height) built by 3D printer were investigated by simple experiments of
power generation using DC-motors. With the model showing the highest performance, measurements of its
torque and 3-dimensional computational fluid dynamics (CFD) analysis were conducted.

Generated power and rotational speed were measured in the simple experiments under the condition of
constant wind speed. By the experiments, it was showed that the realized turbine rotational speed depended
only on the turbine shape regardless of the kind of motors and the value of output resistance, under a
constant wind speed. The miniature BWT model (model-4) with the three cambered blades with
convex-outer surfaces showed the highest power generation (262.5uW at 6 m/s). The small efficiency of
0.041% shows the necessity of selection or development of a motor with higher performance as a
generator. The power generation was approximated by a quadratic polynomial of rotational speed N, when
the output resistance of the motor was 100 Q. According to this approximation, the power generation of
about 1.06 mW is expected when the rotational speed increases to 2400 rpm by increasing wind speed.

The torque measurements and CFD analysis conducted for the model-4 showed a reasonable
agreement between them. In the experimental results, the model-4 indicated the average torque of 0.245
mNm and the average shaft power of 30.5 mW at 1200 rpm under the constant wind speed of 6 m/s.
Therefore, if a micro generator suitable to the model-4 with the high efficiency of 50% is developed, the
high efficiency in power generation of about 2.4% (about 15 mW) may be expected at wind speed of 6
m/s.




