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Abstract — To overcome the occurrence of an energy crisis in
the future, an innovation / invention of energy that is
environmentally friendly and energy sources will not run out in the
future. Energy sources that are environmentally friendly and their
potential when developed is very large, one of which is energy
sources derived from wind energy. This study aims to determine the
effect of wind speed on the performance of wind turbines. To find
out the performance characteristics of wind turbines with variations
in air gaps. The research method begins with the design / design of
the wind turbine, then continues the manufacturing stage, the
assembling and installation stage, the testing of tools and analysis,
the tests carried out include testing the performance characteristics
of the wind turbine. The parameters measured in this study are
rotation, torque as well as calculating the kinetic power produced,
TSR and CP. The test results conducted showed that the 200 mm air
gap Savonius wind turbine with a value of CP = 0.02480-0.15658
had optimum work at low wind speeds (4 m / s). Meanwhile, the 170
mm airborne Savonius wind turbine with a value of CP = 0.00593-
0.14668 has optimum work at high wind speeds (8 m/sto 9 m/s).
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. INTRODUCTION

The continuous use of fossil energy sources as a fuel source for
power generation without the discovery of alternative energy
sources that are environmentally friendly will result in fossil
energy sources continuing to decline and will result in a scarcity
of fuel sources for future generation. To overcome the
occurrence of an energy crisis in the future, an innovation /
invention of energy that is environmentally friendly and energy
sources will not run out in the future. Energy sources that are
environmentally friendly and their potential when developed is
very large, one of which is energy sources derived from wind
energy.

Basically, there are two kinds of wind turbines, namely wind
turbines with horizontal axes and vertical axis wind turbines. In
horizontal axis wind turbines, basically wind turbines must be
directed in the direction of the wind blowing, while in vertical
axis wind turbines wind turbines do not need to be directed to
the blowing wind. Previous research on wind turbines [1]
related to the use of Savonius turbines with CFD
(Computational Fluid Dynamics) and PIV (Particle Image
Velocimetry) methods in non-constant wind directions and low
wind speeds obtained results that Savonius wind turbines have
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the ability to produce more optimal power than turbines with
horizontal axes. In the previous study, namely research
belonging to [2] have conducted research related to three-level
savonius turbines with 2 variations in rotating angles of 0° and
120° dimensions of 0.5 m x 0.6 m using an air gap of 170 mm.
Savonius wind turbines with an air gap of 170 mm as a basic
reference for this study to further examine the variations in air
gaps. This study used variations in the width of the gap below
and above the air gap value of 170 mm. Looking at some of the
studies above, researchers are still doing slight variations in air
gaps so that researchers are interested in varying air gaps to
improve the performance of savonius wind turbines, so the title
of this study is the performance characteristics of savonius wind
turbines with variations in air gaps

Il. RESEARCH METHOD
The first step is to design a wind turbine with a savonius type
for wind power generation. At this stage, a model of a wind
turbine will be produced that will be used for wind power plants.
The second step is the design of wind turbine components and
others connected into one unit. At this stage the construction of
the wind turbine frame along with the wind turbine.

The next step is to test the savonius wind turbine on variations
in wind speed, blade variations, data collection is carried out by
measuring turns, measuring torque, and calculating the kinetic
power produced, TSR and CP. After the test data is completed,
the performance data of the wind turbine as a wind power plant
is then made and then a graph of the performance characteristics
of the wind turbine is made.
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Fig 1. Savonius Wind Turbine With 5 Variation Air Gap

In the performance data collection of the waterwheel the
parameters measured are wind speed, shaft rotation speed.
After obtaining the parameters, the results of the performance
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of the wind turbine are obtained. The test result data is processed
to obtain torque, mechanical power, kinetic power, TSR and CP.
The processing results are then represented in the form of a wind
turbine performance graph. The analysis will result in the
performance of the wind turbine.

I1l. RESULTS AND ANALYSIS
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Fig 2. Relationship between power coefficient (CP) of Savonius
wind turbines and TSR at all five variations of 4 m/s wind speed
air gap

Fig 2. shows the relationship of Coefficient of Power (CP) to tip
speed ratio (TSR) with a wind speed of 4 m/s. The curve with
the most optimum line is shown on a wind turbine with an air
gap of 200 mm. After all curves with each variation of the air
gap reach the optimal value of the curve between CP and TSR
then the curve will decrease in value. This is in accordance with
the characteristics of the Savonius wind turbine in the CP
diagram with TSR, where the Savonius wind turbine will
experience an optimum value at a certain speed and then
experience a decrease in the curve as the given loading value
increases for torque or braking testing.
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Fig. 3 relationship between power coefficient (CP) of Savonius
wind turbine and TSR at all five variations of 5 m/s wind speed
air gap
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Fig 3 shows the relationship of Coefficient of Power (CP) to tip
speed ratio (TSR) with a wind speed of 5 m/s. The curve with
the most optimum line is shown on a wind turbine with an air
gap of 140 mm. After all curves with each variation of the air
gap reach the optimal value of the curve between CP and TSR
then the curve will have a decrease in value. This is in
accordance with the characteristics of the Savonius wind
turbine in the CP diagram with TSR, where the Savonius wind
turbine will experience an optimum value at a certain speed and
then experience a decrease in the curve as the loading value
given for torque testing or braking increases.
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Fig 4. Relationship between power coefficient (CP) of
Savonius wind turbine and TSR at all five variations of 6 m/s
wind speed air gap

Fig 4. shows the relationship of Coefficient of Power (CP) to
tip speed ratio (TSR) with a wind speed of 6 m/s. The curve
with the most optimum line is shown on a wind turbine with an
air gap of 185 mm. After all curves with each variation of the
air gap reach the optimal value of the curve between CP and
TSR then the curve will have a decrease in value
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Fig 5. relationship between power coefficient (CP) of
Savonius wind turbine and TSR at all five variations of 7 m/s
wind speed air gap

Fig 5. shows the relationship of Coefficient of Power (CP) to
tip speed ratio (TSR) with a wind speed of 7 m/s. The curve
with the most optimum line is shown on a wind turbine with an
air gap of 200 mm. After all curves with each variation of the
air gap reach the optimal value of the curve between CP and
TSR then the curve will have a decrease in value.

https://jurnal.polines.ac.id/index.php/eksergi
Copyright © EKSERGI Jurnal Teknik Energi

ISSN 0216-8685 (print); 2528-6889 (online)

Ekserai, Vol. 19, No.1 . Januari 2023

0.16 -
0.14 -
012 - + Airgap 140 mm
0.10 - = Airgap 155 mm
S 0.08 -
0.06 - A Airgap 170 mm
0.04 - Air gap 185 mm
0.02 -
0.00 - ® Airgap 200 mm
0.00.20.40.50.80.9
TSR
Fig 6. relationship between power coefficient (CP) of

Savonius wind turbine and TSR at all five variations of 8 m/s
wind speed air gap

Fig 6. shows the relationship of Coefficient of Power (CP) to
tip speed ratio (TSR) with a wind speed of 8 m/s. The curve with
the most optimum line is shown on a wind turbine with an air
gap of 170 mm. After all curves with each variation of the air
gap reach the optimal value of the curve between CP and TSR
then the curve will have a decrease in value.
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Fig 7. relationship between power coefficient (CP) of Savonius
wind turbine and TSR at all five variations of 9 m/s wind speed
air gap

Fig 7. shows the relationship of Coefficient of Power (CP) to tip
speed ratio (TSR) with wind speed speed of 9 m/s. The curve
with the most optimum line is shown on a wind turbine with an
air gap of 170 mm. After all curves with each variation of the
air gap reach the optimal value of the curve between CP and
TSR then the curve will have a decrease in value.
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Fig 8. relationship between power coefficient (CP) of
Savonius wind turbine and TSR at all five variations of 10 m/s
wind speed air gap

Fig 8. shows the relationship of Coefficient of Power (CP) to
tip speed ratio (TSR) with a wind speed of 10 m/s. The curve
with the most optimum line is shown on a wind turbine with an
air gap of 155 mm. After all curves with each variation of the
air gap reach the optimal value of the curve between CP and
TSR then the curve will have a decrease in value.

IV. CONCLUSION

After testing on "Performance Characteristics of Savonius
Wind Turbines With Variations in Air Gaps in Supporting the
Development of Renewable Energy", it can be concluded that
the Savonius wind turbine model of air gap variation has
dimensions of 500 mm in diameter with a turbine blade height
of 300 mm. The variations of the air gap are 140 mm, 155 mm,
170 mm, 185 mm and 200 mm. The tests were conducted using
wind speed variations of 4 m/s to 10 m/s. Loading performed
for braking or torsion testing uses ballast load variations (m1)
from 0 kg (free) to 1.5 kg. The test results conducted showed
that the 200 mm air gap Savonius wind turbine with a value of
CP =0.02480-0.15658 had optimum work at low wind speeds
(4 m / s). Meanwhile, the 170 mm airborne Savonius wind
turbine with a value of CP = 0.00593-0.14668 has optimum
work at high wind speeds (8 m/sto 9 m/s).
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