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Abstract

A vertical axis wind turbine triple-stage savonius type has been created by using simple materials to generate electricity for the
alternative wind power plant. The objective of this research is to design a simple wind turbine which can operate with low wind
speed. The turbine was designed by making three savonius rotors and then varied the structure of angle on the three rotors, 0°, 90°
and 120°. The dimension of the three rotors are created equal with each rotor diameter 35 cm and each rotor height 19 cm. The
turbine was tested by using blower as the wind sources. Through the measurements obtained the comparisons of output power,
rotation of turbine, and the level of efficiency generated by the three variations. The result showed that the turbine with angle of
120° operate most optimally because it is able to produce the highest output power and highest rotation of turbine which is 0.346
Wiatt and 222.7 RPM.
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1. Introduction

The fulfillment of electrical energy for various needs perceived at this time is still very dependent on energy
resources that are not renewable. The conditions of energy resources most of which cannot be renewed, especially
petroleum, the longer the more limited.

With the need for electrical energy constantly increases over the progress of civilization and the increase of the
number of human beings as well as the reduced level of fulfillment and the availability of resources energy which
cannot be renewed, so that is extremely needed renewable energy resources that are more environmentally friendly.
One of the natural energy that we can take advantage is the wind energy because it is easy to obtain and take place
continuously. This energy is one of the clean energy and in the production process are not polluting the environment.

One of wind energy utilization is by the use of wind turbines. A wide variety of shapes and designs of wind
turbines as alternative energy sources have been found long time ago. But in its development still requires
considerable investment. Therefore, it needs an alternative in the development of wind turbines so that can be
utilized maximally by the public.

A wind turbine is a tool that can convert the kinetic energy of the wind into electrical energy or mechanical
energy. Wind is used to rotate the blade, which when spinning it will produce energy. One type of simple wind
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turbine is the savonius wind turbine. This turbine is a type of vertical axis wind turbines and is not affected by wind
direction so it can spin at low wind speeds.

2. Research methodology

The research done in the Renewable Energy and Mechanical Laboratory of Physics Department, State University
of Jakarta. In this study, used the method of experimentation with the laboratory-scale measurements using the
blower as a source of wind.

In this research, there are three savonius rotors with two blade in each rotor. The dimension of three rotors are
created equal with each rotor diameter 35 cm, each rotor height 19 cm, and the gap distance of the blade is 3 cm.

The three rotors of savonius arranged three-stage and then varied the structure of the angle between the rotor to
be studied it impact on output power produced. The variations in the structure of the angle that used in this research
is angle of 0°, 90° and 120°.

On the testing, data retrieval is done manually using the digital multimeter to measure the output voltage and
current generated by the generator by using a resistor as the load.

(b)
Fig. 1. (a) The structure of 0°; (b) The structure of 90°; (c¢) The stucture of 120°.

In Figure 1(a) show that the three rotors arranged with 0° so the three rotors will be parallel to each other. Figure
1(b) show the tree rotors arranged form the angle of 90° to each other so the first rotor will be parallel to the third
rotor. And in the Figure 1(c), none of the rotor are parallel to each other when the three rotors are arranged to
form the angle of 120°.

3. Result and discussion

Through the measurements obtained the data show that the influence of the structure of angle on the rotors with
the resulting of output power and the rotation of turbine.
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Table 1. RPM result of three angle variatons.

No Wind speed 0° 90° 120°
(mfs)
n RPM
1 2,6 0 0 22,42
2 31 32,40 37,33 52,10
3 39 50,57 52,93 77,47
4 4,7 84,20 84,30 108,30
5 53 110,77 118,10 135,40
6 6,2 141,63 153,77 160,23
7 78 174,00 202,00 222,70
Table 2. Output power result of three angle variations.
No Wind speed 0° 90° 120°
(mfs)
n Output power (Watt)
1 2,6 0 0 0.0022
2 31 0.0046 0.0097 0.0163
3 3,9 0.0147 0.0181 0.0369
4 4,7 0.0396 0.0426 0.079%4
5 53 0.0768 0.0943 0.1253
6 6,2 0.1641 0.1861 0.2099
7 78 0.2737 0.3067 0.3456

Based on Table 1 and Table 2, it was known that the three variatons of angle structure of vertical axis wind
turbine triple-stage savonius type start to spinning and produce the electric energy at the range of wind speed of 2.6
m/s to 3.1 m/s. The result according to the theory, that the vertical axis wind turbine can be operated at the low wind

speed.

From the three variatios of angle structure, the lowest cut in speed is obtained at the angle of 120° is 2.6 m/s and
the rotation speed of turbine is 22.422 RPM, while at the angle of 90° and 0° was obtained the same cut in speed
which is at 3.1 m/s. These results show that the turbine with the angle of 120° can be operated more optimal than the
angle of 90° and 0° because it can spinning at the lower wind speed. It was because at the angle of 120°, three rotors
of savonius capable of receiving rush of winds from all directions in equal quantities any time. Trend of increasing
the rotation of turbine to increasing wind speed was shown in Figure 2(a).
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Fig. 2. (a) Chart relation of wind speed to rpm; (b) Chart relation of wind speed to output power.

In Figure 2(b) show that the graph of output power results from three variations of angle structure. From the
measurement, the lowest output power was obtained of 0.002 2 Watt at the wind speed of 2.6 m/s and the the highest
output power was obtained of 0.345 6 Watt at the wind speed 7.8 m/s which is occurs when turbine at the angle of
120°. Figure 2(b) show that the increasing output power is directly proportional to the increasing of wind speed. The
air flow is given will meet the sweep broad of rotor at the turbine and then occurs the drag force that make the
turbine can rotate. That causes the bigger of wind speed given, the rotation of turbine will be more rapid so that the
resulting of output power will be increased.

4, Conclusion

Has successfully designed a vertical axis wind turbine triple-stage savonius type and then varied the structure of
angle on the three rotors. Through the measurement, optimally results were obtained at angle of 120° which able to
generated the highest output power and highest rotations of turbine which amounted to 0.346 Watt on 227.7 RPM.
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