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Abstract. Although Wind Turbine Generator has common use in several coun-
tries, in Indonesia, this thing is rarely used, even though Indonesia’s geographic
itself stored a lot of potential in developing such an energy source. Indonesia is
an archipelagic nation with five main islands and thousands of small islands. Its
condition makes coastal wind very important and a potential energy source that
hasn’t yet been developed. Here, we develop a limited-capacity electric generator
to be used in remote small islands in East Java Offshore that are not yet connected
to a national power grid. Because of the inconsistency of the direction of a coastal
wind, we chose the Vertical Axis Wind Turbine to develop. This research studies
the connection between wind blade curve angles and wind turbine efficiency. We
used three different wind blade types and measured the rotation speed according
to the respective wind velocity. Our experiment shows that the bigger the curve
angle resulted in a higher rotational speed of the wind turbine. For example, with
the wind velocity at 6 m/s, the results are as with 0° (flat blade) the average rota-
tion speed is 175.5 rpm, 45° the average rotation speed is 212.55 rpm, and 90° the
average rotation speed is 266.25 rpm.
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1 Introduction

Recently, the need for energy is already become overwhelming [1–3], while the growth
tendency of energy consumption in the future is increasing rapidly [4]. On the other hand,
fossil fuels, our main energy resource, are limited [5]. Another problem is the cheapest
fossil fuel. Coal is also the major pollution distributor, so it is by far not environmentally
friendly in the long term [6, 7]. The solution is to harness renewable energy resources,
which in our case is wind [8–10]. Wind can be found all over the world for free. The
main problem with wind energy is the inconsistent nature of the wind itself either in its
speed or direction [11].
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Indonesia is an archipelagic nation with five large islands and thousands of small
islands [12–14], with hundreds of these islands inhabited.Geographically, Indonesia also
lies between the continent of Asia and the continent of Australia, between the Atlantic
Ocean and Pacific Ocean, and in the volcano’s network known as the rings of fire. This
created a big problem because many small islands haven’t connected to the national
power grid [15]. These remote islands use diesel power generators to provide electricity,
which is expensive [16]. But the geographic position also brings many advantages.

Because of these geographic and topographic factors, strong wind is available
throughout the year for many of these small remote islands. This study aims to pro-
vide these people with cheap, environment-friendly power generators that are easy to
operate and maintain based on wind energy. And our choice was to develop a vertical-
axis wind turbine to fulfill the needs. The choice is due to the independence of the vertical
axis wind turbine to the wind direction, which always changes from time to time, and
for the simplicity of its construction compared to the horizontal axis wind turbine [17,
18].

Wind potential in Indonesia generally has low wind speeds ranging from 3 m/s –
7 m/s, so this type of vertical wind turbine is considered very suitable for use in low
wind speed conditions [19]. However, the Meteorology, Climatology, and Geophysics
Agency Meteorological Station class I Juanda Surabaya reminded the public of the
potential danger of changing seasons. One of them is the Gending wind that blows hard
in Probolinggo.

The use of wind as an alternative energy source has been widely used in various parts
of the world at this time. Still, in Indonesia, this has not been widely used, even though
the geological contours in Indonesia, which are mountainous and hilly, will cause a lot
of wind. With the Vertical Axis Wind Turbine, the Savonius type, the wind is converted
into electrical energy [20, 21]. The workings of the Vertical Axis Wind Turbine convert
wind energy into electrical energy when the wind blows. The wind turbine is installed
in the direction of the wind flow so that the wind hits the turbine blades so that the wind
turbine rotates, then the rotation of the wind turbine is forwarded to the generator to be
converted into electrical energy [22, 23].

Savonius is a drag-based wind turbine, where the force of the wind will push the
blade surface to rotate [24–27]. The blade will rotate because the drag force on the open
surface or concave is greater than the closed surface or convex next to it.

In simple terms, Savonius can be formed from2pieces of half-drumblades connected
by an axis in the middle with opposite positions. When operating, each side of the drum
blade will catch the wind and rotate its axis, exposing its partner blade in the direction
of the wind flow, and so on. Then the resulting shaft rotation will be used to drive an
electric generator.

In this study, the Savonius Wind Turbine was developed with three blades. There-
fore, in terms of efficiency, the vertical axis wind power plant is indeed lower than the
horizontal axis. Still, this vertical axis wind power plant can capture wind speed from
all directions and can be installed in a low position (close to the ground, making it easier
to operate and treat).

This research aims to provide low capacities for wind turbine electric generators to
be used in small remote islands in the northern part of East Java offshore in Indonesia.
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2 Methods

The Fig. 1 explains the flowchart of the research. Based on Fig. 1, it can be seen that our
first step was to measure the wind speed and wind direction in a coastal area of Probol-
inggo City, which lies in the northern part of east java. The wind speed measurement
was done at the height of 2 m above sea level for seven months (march until September),
twice a day, with 12 h intervals between the measurements.

The second step was to design the vertical-axis wind turbine suitable for our research
purpose. In our first approach, we studied the effect of drag coefficient, which depended
on blade shape on the turbine rotational speed as a function of the wind speed. In this
study, the Savonius Wind Turbine was developed with three blades.

The first set was flat blade (0° blade angle) which has a drag coefficient of 1.9 (Fig. 2).
Second set was semicircular blade (45o blade angle) which have drag coefficient of

1.15 on the convex side and 2.15 on the concave side (Fig. 3).
The third set was a semicircular Blade (90° blade angle) which had a drag coefficient

of 1,2 on the convex side and 2,3 on the concave side (Fig. 4).
With the three sets of the turbine blade, experiments with each of these blades to

be set against 2 m/s, 4 m/s and 6 m/s wind speed, according to the wind speed data we
collected earlier.

The kinetic energy in a wind turbine can be calculated using Eq. (1):

Ek = 1

2
mv2 (1)

m= air mass (kg),
v= wind velocity (m/s)
Then, the mass flow rate can use the following Equation:

m = ρAv (2)

Fig. 1. Research flowchart
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Fig. 2. a) Flat Blade (00 Blade Angle); b) Flat blade (0° Blade Angle).

Fig. 3. Semi Circular Blade (450 Blade Angle)

where:
ρ = wind density (kg/m3)
A = turbine cross-sectional area (A = πr2)
Equations (1) and (2) can be combined in Eq. (3):

Pw = 1

2
ρAv3 (3)

where:
Pa = wind power (Watt)
The maximum Power output from the Savonius rotor was

Pmax = 0, 36kgm−3.h.r.v3 (4)

where h and r are motor height and radius, while v is the wind speed, Eq. (4) represents
turbine work efficiency. The angular frequency of the motor is

ω = λ.v

r
(5)

where λ is the tip-speed ratio factor, which for the Savonius rotor the value is ≈1, for
example, the Savonius rotor, where h = 1 m, r = 0.5 m and the wind speed v = 10 m/s,
will yield maximum power equal to 180 W, and the angular speed is 20 rad/s (190 rpm).
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Fig. 4. a) Semi Circular Blade (900 Blade Angle); b) Semi Circular Blade (900 Blade Angle).

The result will be analyzed using a statistical equation to determine the difference
in rotor rotation of the Vertical Axis Wind Turbine:

s2 = √
variance =

n∑

i=1
(Xi − X 1)

2

n − 1
(6)

thitung = X 1 − X 2
√{

(n1−1)s21+(n2−1)s22
n1+n2−2

}{
1
n1

+ 1
n2

}
(7)

3 Result and Discussion

Based on the data collection that has been carried out, the wind speed was obtained as
follows (Table 1)

From experiment results for the kind of wind speed (2 m/s, 4 m/s and 6 m/s) can be
seen in Table 2 and Fig. 5.

We suggested that because in vertical axes wind turbine like Savonius wind turbine,
the concave part of the blade move in the direction of the wind and the convex part of the
blade move against the direction of the wind, it means that the higher drag coefficient
of the concave part will help the turbine to catch more energy from the wind. On the
other hand, the lower drag coefficient of the convex part of the blade will make the Blade
move easier in the direction against the wind, so fewer energy losses from this part.
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Table 1. Wind speed in Coastal Area of Probolinggo

Months
(2021)

Wind Speed (m/s)

1 2 3 4 5 6 7 8

March 2,2 2,1 2,2 2,4 2,0 1,9 2,0 2,1

April 3,2 3,5 3,2 3,4 3,3 3,3 3,2 3,4

May 4,3 3,5 3,2 3,3 3,5 3,0 4,4 4,4

June 4,7 4,7 4,8 4,5 4,7 4,4 4,5 4,7

July 4,7 4,7 4,7 4,5 4,7 4,7 4,6 4,7

August 5,8 5,6 5,7 5,8 5,9 5,7 5,8 5,9

September 5,9 6,2 5,9 6,1 5,9 5,9 6,0 6,2

Table 2. Rotor Rotation Test Results (Source: Lab, Faculty of Engineering, Universitas Islam
Malang)

Blade Angel Wind Speed (m/s) Rotor Rotation (Rpm) Average (Rpm)

Max Min

0 2 207,6 32,3 119,95

4 234,4 59,9 147,15

6 281,3 69,7 175,5

45 2 331,9 62,3 197,1

4 332,6 81,4 207

6 363,5 61,6 212,55

90 2 413,4 67,1 240,25

4 425,7 66,3 246

6 458 74,5 266,25

Based on Table 2 and Fig. 5, the Savonius wind turbine, which has a rotor blade with
a greater drag coefficient (90° blade angle) can produce higher rotational speed than the
other model with the blade, which has a smaller drag coefficient. Based on Eqs. (3) and
(4) representing turbine work efficiency, Table 2 shows that a turbine with a blade angle
at 900 depicts the highest rotation speed leading to the highest turbine power. This output
turbine power will have higher efficiency than blade angles 00 and 450. The blade angle
at 00 shows the lowest wind turbine average speed compared with others.

Then a t-test was carried out to determine the difference in rotor rotation of the
Vertical Axis Wind Turbine based on three blade shapes. The level of Significance used
is 2,132. Therefore, H0 accepted if tcount ≤ 2,132 and H0 rejected if tcount > 2,132.
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Fig. 5. Wind Turbine speed based on blade shape

In Table 3, The calculation result using Eqs. (6) and (7) is tcount 4,24519 > 2,132
then H0 was rejected. Thus it is known that the Vertical Axis Wind Turbine with a Blade
Angle of 450 has a higher rotation than the Blade Angle of 00.

Table 3. Rotor Rotation Comparison with Blade Angle (00 & 450)

No Angle Blade (X1 − X 1)
2 (X2 − X 2)

2

450 00

X1 X2

1 331,9 207,6 115,9211 1122,25

2 332,6 234,4 101,3378 44,89

3 363,5 281,3 434,0278 1616,04

� 1028 723,3 651,2867 2783,18

X 342,6667 241,1

Table 4. Rotor Rotation Comparison with Blade Angle (450 & 900)

No Angle Blade (X1 − X 1)
2 (X2 − X 2)

2

900 450

X1 X2

1 413,4 331,9 1061,247 115,9211

2 425,7 332,6 1061,247 101,3378

3 458 363,5 1061,247 434,0278

� 1297,1 1028 1061,247 651,2867

X 432,367 342,67
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Moreover, Based on Table 4, statistical calculation shows the value of tcount 5,309438
> 2,132 then H0 was rejected. Thus it is known that the Vertical Axis Wind Turbine
with a Blade Angle of 900 has a higher rotation than the Blade Angle of 450.

4 Conclusion

This study showed that the drag coefficient, whose value depends on blade shape, sig-
nificantly affects our Savonius Wind Turbine model. The experiment showed that while
exposed to the same wind speeds (2 m/s, 4m/s and 6 m/s), the model with greater drag
coefficient produced higher rotational speed (240 rpm, 246 rpm, and 266 rpm) than the
other models (119 rpm, 147 rpm and 175 rpm for the flat blade and 197 rpm, 207 rpm
and 212 rpm for the other semicircular blade). Thus, a turbine with a blade angle of
900 depicts the highest rotation speed leading to the highest turbine power and high
efficiency.
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