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Abstract. The Wind turbine is a tool used in Wind Energy Conversion System (WECS). The wind turbine
produces electricity by converting wind energy into kinetic energy and spinning to produce electricity.
Vertical Axis Wind Turbine (VAWT) is designed to produce electricity from winds at low speeds. Vertical
wind turbines have 2 types, they are wind turbine Savonius and Darrieus. This research is to know the effect
of addition wind booster to Savonius vertical wind turbine with the variation 2 blades and 3 blades.
Calculation the power generated by wind turbine using energy analysis method using the concept of the first
law of thermodynamics. The result obtained is the highest value of blade power in Savonius wind turbine
without wind booster (16.5 £ 1.9) W at wind speed 7 m/s with a tip speed ratio of 1.00 + 0.01. While wind
turbine Savonius with wind booster has the highest power (26.3 £ 1.6) W when the wind speed of 7 m/s
with a tip speed ratio of 1.26 + 0.01. The average value of vertical wind turbine power increases Savonius

after wind booster use of 56%.

Keywords: Savonius; Wind Booster; Power; Tip Speed Ratio.

1 Introduction

The more advanced a nation, the greater the electricity
needs of the people. Power plants supply this electricity
demand, where the majority of energy sources of power
plants still use fossil energy. While the availability of
fossil energy is getting limited and the negative impact on
the environment is quite much. The use of fossil fuels
produces greenhouse gases [1]. These gases absorb heat
energy that the earth will emit into space, causing a
warming of the troposphere.

Efforts to reduce global warming continue to be
carried out. Various countries have made innovations,
ranging from making regulations to limit the use of
energy that has an impact on global warming to the use of
renewable energy to reduce global warming. Renewable
energy is an energy that can be renewed and can be used
continuously. Its sources are obtained from the sun, wind,
gas, and others. It provides many advantages such as can
be found anywhere and basically has a small effect on the
environment. One of them is wind energy, it is clean
energy and in the production process, it does not pollute
the environment [2].

The use of renewable energy is still limited, this is due
to a lack of research. While the use of it can be an
investment in the future. Wind power has been used for
3000 years. Until the 20th century. At the beginning of
modern industrial world, the use of wind energy sources
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is replaced by fossil fuel engines or electricity networks
[3]-

Wind turbines are a tool used in the Wind Energy
Conversion System (SKEA). Wind turbines can produce
electricity by converting wind energy into kinetic energy
through a blade contained in the turbine and rotating the
shaft on the generator to produce electricity [4]. The
turbine is divided into two types, Horizontal Axis Wind
Turbines (HAWT) and Vertical Axis Wind Turbines
(VAWT). Horizontal Axis Wind Turbine (HAWT) is
designed to produce electricity from wind at high speed.
Vertical Axis Wind Turbine (VAWT) is designed to
produce electricity from wind at low speeds. [5].

One of the turbines classified as VAWT is the
Savonius wind turbine. This wind turbine has a simple
construction that operates independently of the wind
direction and starts at low wind speeds that were
developed and patented by Sigurd J. Savonius in the
1920s. The best rotor has an efficiency of 31% while the
efficiency of the prototype is 37% [6].

Based on data from BMKG, in Indonesia, especially
in the city of Semarang, the average wind speed is around
2.5 m/ s [7]. Even though wind speeds are low, Indonesia
has wind potential that is available almost throughout the
year. This makes it possible to develop a small-scale wind
power plant system.

The purpose of this study was to analyze the value of
the power obtained based on the speed of the incoming
wind that pushed the turbine blade and the value of wind
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speed out of the turbine, analyze the value of the wind (" sarn )
turbine shaft rotation resulting from variations in wind
speed, the difference in the number of turbine blades, and

k.

the ad'dltlon of wind booster. T'hen analyz'e .the Collecting data dealing with wind
comparison of the power values resulting from variations —! speed (v), rotation per minute (rpm),
in wind speed differences. The difference in the number air temperature (T)

of turbine blades and the addition of wind booster.

k.

Testing with variations in

2 Research Method wind 2 m/s, 3 m/s, 4 m/s, 5 m/
No s, 6 m/s and 7 m/s

2.1. Tool Scheme

Fig. 1 and Fig. 2 explain the scheme of wind turbine
testing tools using wind booster and without using wind
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’ improvement the same as the
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Fig. 1. Scheme of wind turbine testing tools using wind booster Conclusion and
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1 2.3 Wind Power Analysis

Wind power is energy that can be produced by the wind
at a certain speed that hits a wind turbine in a certain area.

Digital Multimaster The wind power produced by the one that hits the wind
turbine can be known through equation 1 [8].

Controller

Fig. 2. Scheme of wind turbine testing tools without using wind
booster

1 3
=5 P, m
2g,
here & is a conversion factor with a value of 1.0 kg /
2.2 Flow Chart » ¢
(N.s?), p is the density of air, A is the cross-sectional area,
The flow chart used in the research process can be seen in and V7 is the speed of the wind entering the wind turbine.
Fig. 3. The values of p and A are known from equations 1 and 2.
While the value of V; is known by using an anemometer.
P

=— 2
P RT ()

where P is the environmental pressure with a value of 1
atm, R is a specific gas constant with a value of 287.05J /
kg.K, and T is the ambient temperature with a value of
305 K.

A=HD 3)
where H is the blade height of 0.65 meters and D is the
blade diameter of 0.57 meters.

2.4 Blade Power Analysis
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Blade power is the power extracted by the blade from the
wind. Blade power can be known through equation 4 [8].
1
P = 4—PA(V,» V-V @

where V. is the speed of the wind coming out of the
turbine. The V. value is measured using an anemometer.

2.5 Coefficient Power (Cp) Analysis

The power coefficient (Cp) is the ratio between the power
produced by the wind. The Cp value is known through
equation 5 [8].
Powerout P
Cp=——"—"—"=— 5)
Powetin P,
Ideally, the coefficient power is the maximum power

ratio obtained from the wind with total wind power, or
CPux = 0.59. The value of Cp, . is obtained from
Betz's theory.

2.6 Tip Speed Ratio Analysis

Tip speed ratio (TSR) is the ratio of wind speed to blade
rotational speed in wind turbines [9]. The TSR value is
known through equation 6 [8].

sk = 2P ©)
2,

where ® is the blade angle speed (rad/s). The value

N . ‘
W= W , N is the blade rotational speed (rpm).

2.7 Validation

The research journal used for this validation is a research
journal conducted by Natapol Korprasertsak and
Thananchai Leephakpreeda in 2016 [10]. In this study,
the researcher was looking for the influence of wind
speed on rotational speed as Fig. 4.

- without WB (experiment)
—*—with WB (experiment)
~-@=without WB (previous)
—*—with WB (orevious)

Rotating speed (RPM)

Wind speed (m/s)
Fig. 4. Validation of the wind speed effect on RPM
Fig. 4 described that the rotational speed has an
increase in wind speed. This is because wind speed will
affect how fast the blade rotates. The greater the wind
speed, the faster the blade rotation. The black line of the
graph illustrates the magnitude of the rpm value in the

previous study, while the red line describes the magnitude
of the rpm value in this study. Black and red graphs have
a tendency to both increase.

3 Analysis and Discussion

The value of the blade power has increased along with the
increase in wind speed as in Fig. 5. This is because the
blade power is strongly influenced by the speed of the
wind in and the speed of the wind comes out. The greater
the difference in the speed of the incoming wind and the
speed of the wind coming out, the greater the wind
extracted by the turbine. This graph is in accordance with
the results of research conducted by Nur Alom and
Ujjwal K. Saha [11].
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Fig. 5. The graph of a relation between wind speed and blade
power

TSR value increases with increasing wind speed as
shown in Figure 6. This is due to the important factor in
TSR calculation which is the ratio of blade rotational
speed to wind speed. The greater the ratio of rotational
speed with wind speed, the higher the speed ratio tip. This
graph is in accordance with the results of research
conducted by Frederikus Wenehenubun, Andy Saputra
and Hadi Sutanto [12].
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Fig. 6. The graph of a relation between wind speed and Tip
Speed ratio

Fig. 7 shows the results of a study conducted by W. El-
Askary, et al. [13]
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Fig. 7. The graph of TSR and Cp blade two blades from
reference [13]
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Fig. 8. The graph of TSR and Cp blade two blades (a) without
wind booster and (b) with wind booster

From Fig. 8, it is known that the biggest power
coefficient value for two blades without wind booster is
0.26 with a TSR of 0.94. While for two blades with wind
booster is 0.38 with TSR 1.2. Using formula (5), it is
known that the power coefficient value is affected by
wind power and blade power. If the value of the ratio of
wind power and blade power is greater, the power
coefficient value is large.

4 Conclusion

The test results obtained are the highest blade power
values produced from two blades wind turbines with a
wind booster of 26.37 watts with a wind speed of 7 m/ s.
TSR value of the highest wind speed in wind turbines

using wind booster is 1.26 at a wind speed of 7 m / s. The
power coefficient value produced by two blades wind
turbine without a wind booster is shown in Figure 7 (a) of
0.26 at a TSR value of 0.94. The power coefficient value
produced by each variable has different values, in two
blades wind turbine with a wind booster, the highest
power coefficient value is 0.38 at a TSR value of 1.20.
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