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Basic Study on the Circular Cylinder Blade Horizontal Axis Wind Turbine Driven

by the Longitudinal Vortex
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Takahiro Nomura
Energy demand is increasing rapidly due to population growth and the electrification, and in recent
years there is a concern about the depletion of energy resources. It is anticipated that the
development of alternative energy is urgently needed, and there is a demand for the construction
of a power generation system using renewable energy such as wind power generation and solar power
generation. Wind power generation is currently being built around the world. However, in Japan, the
depth of water near Japan is so deep that it is difficult to install wind turbines on the ocean,
and the effects of typhoons are behind its introduction. Therefore, focusing on the wind turbine
that are small and have high strength, and research have conducted to elucidate their basic
characteristics. This wind turbine is driven by a longitudinal vortex, and was devised by Takahashi
et al. in 2016, and the principle and basic characteristics of the wind turbine were reported. However,
the efficiency of the wind turbine is low, and many of its basic characteristics have not been
elucidated. In this study, two triangular bars were attached to the surface of a circular cylinder
blade in order to examine how the triangular bars develop longitudinal vortex. As a result, it was
found that when the triangular bars were placed at 120° and —60 °
of the wind turbine was about 67% compared to the result without the triangular bars. This increase

, the increase in the efficiency

should have happened because the two triangular bars increased the flow velocity near the blade and

strengthened the longitudinal vortex.
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Fig.1 Longitudinal vortices generated by flat plate

(a) Appearance of experimental equipment (V=4)
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(b) Various parameters
Fig.2 Outline of experimental equipment
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Fig.3 Appearance of wind tunnel device

Table.1 Specification of wind tunnel device

Length 3700mm
Depth 1065mm
Height 1900mm

Experiment area height305mmxdepth305mmxlength600mm

Flow rate 0~36nvs(0~130km/h)

Control method Motor drive control

Power supply 3-phase AC200V,26A,50/60Hz

+ Rotation number s[rpm]
* Torque 7{Nm]

Torque |y
|_) monitor * Power P[W]

Torque Magnetic
S
meter brake

Fig.4 Outlines of the measurement system
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Fig.5 Specification of Experiment blades
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Fig.6 Mounting angle
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Table.2 Experimental conditions

Windspeed U [m/s] 10
Blade diameter o [mm] 20
Blade length  /[mm] 60
Gapratio s/d[-] 0.35
Ring diameter D [mm] 155
Ring width W [mm] 20
Ring thickness  #[mm] 55
Number of wings N|-] 4
Triangular bar width 5 [mm] 42
Triangular bar height /2 [mm)] 2.1
ootgege | BRODAT
06:=-0[7] 130, 140, 150, 160
(2)Mounting angle 90, 100, 110, 120, 130,
61(6=0,—180)[°] 140, 150, 160, 170, 180
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Fig.7 1-G curve (0, = 0)
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Fig.8 -G curve (Jy =— 0))

Fig.9 Flow velocity around the circular cylinder blade with

two triangular bars attached (4, = 60° , 4, =—60" )

Fig. 10 Flow velocity around the circular cylinder blade with

two triangular bars attached (4, = 110° , 4, =—110° )
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Fig. 11 A2-G, curve (fy,= 0,—180° )
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