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Abstract: The horizontal-axis wind turbine (TASH) is a wind energy technology that can generate electricity, but
its performance still has to be improved. To determine how much an aspect ratio affects wind turbine performance,
this study used a horizontal-axis wind turbine with three spiral blades and an aspect ratio of 0,116. The primary
performance metrics of horizontal-axis wind turbines with three spiral blades and an aspect ratio of 0,116 are to be
measured and examined in this work. Understanding how aspect ratio affects voltage (volts), current (amperes),
torque (1), turbine rotational speed (rpm), and in line with wind speed (pw) in the process of generating electrical
energy is the specific goal. A horizontal-axis wind turbine with three spiral blades and an aspect ratio of 0,116 will
be constructed and tested in a controlled setting as part of this research's experimental methodology. The systematic
measurement of essential performance characteristics, such as wind speed, torque, turbine rotational speed, voltage,
and current, will provide a comprehensive understanding of the wind turbine's ability to generate electrical energy.
The TASH experiment 3 spiral blades with an aspect ratio of 0,116 yielded the highest value when tested using a
planetary gearbox at 24,23 rpm, 53,09 V of voltage, 1,25 A of electric current, and 30,94 Nm of torque at 5,0 m/s
of wind speed. In the calculation of the power coefficient, torque coefficient, and tip speed ratio, the minimum
value obtained in the test without a planetary gearbox was 0,0231 at wind speed 2,5 m/s, 0,2183 at wind speed 2,5
m/s, and 0,1059 at wind speed 2,5 m/s. The minimum value is obtained in the TASH test without a planetary
gearbox with a rpm value of 105,89 rpm, Voltage 8,60V, Electric Current 0,05A, and Torque 2,85Nm at wind
speed 2,5 m/s. A planetary gearbox with a power coefficient of 0,4713 at a wind speed of 4.5 m/s, a torque
coefficient 0of 0,6813 at a wind speed of 4,0 m/s, and a tip speed ratio of 0,7525 at a wind speed of 5,0 m/s was used
to test the system and determine the maximum value.
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1. INTRODUCTION

The world's electrical grid has changed significantly in the modern era, particularly in terms of
distribution and generation technology. These adjustments are intended to mitigate climate change and
enhance energy security because wind energy has a high degree of flexibility. Indonesia possesses a
significant potential for the usage of wind energy. The majority of Indonesia is made up of coastal regions
with intense wind [1] [2]. A technological advancement that aids people in producing electricity from
renewable energy sources is the wind turbine. Wind turbines are renewable energy power plants that
generate electrical energy by harnessing the wind. Growing populations and industries result in higher
energy requirements, particularly for electricity. Wind power is one of the many natural alternative
energy sources that may be used to create electricity [3][4]. To build an ideal operating system for the
development of horizontal axis wind turbines, numerous studies have been carried out (TASH). Using a
variety of blade numbers, specifically 3, 4, 5, and 6, increases the power of the horizontal axis wind
turbine, which is one of the innovations of the horizontal axis wind turbine (TASH). Utilizing the total
of Arrow 3's 0,0358 watts at 445,63 rpm and Arrow 4's 0,0565 watts at 499,5 rpm, the producing power
grows at a rate of 4 m/s. Bar 5 generates 0.0833 watts at a rotational speed of 538.60 rpm, whereas Bar
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6 generates 0.0520 watts at a rotational speed of 467.83 rpm [5][6]. This study aims to investigate the
variations of a horizontal axis wind turbine with three spiral blades and an aspect ratio of 0.116. The ratio
of the front to rear blade distance is called the aspect ratio. The aspect ratio's impact on wind turbine
performance has the potential to boost power [7]. Based on their axis of rotation, wind turbines are
divided into two categories: vertical-axis wind turbines and horizontal-axis wind turbines [8]. The
horizontal axis wind turbine (TASH) is the most often utilized form of wind turbine [9] It is powered by
wind and has horizontally mounted blades. The wind strikes the blades from the front, rotates them, and
powers the generator [10], a kind of wind turbine that rotates on an axis parallel to the direction of the
wind, producing power. The ratio of the turbine blade's span length to its chord length, or the separation
between its front and back blades, is known as the aspect ratio. Thus, the purpose of this study is to
determine the values of the following parameters: torque, torque rotation speed, voltage, current, and tip
speed ratio (A). Additionally, the study will examine the effects of aspect ratio 0,116 on the efficiency of
type 3 spiral bars horizontal-axis wind turbines (TASH): turbin coefficient power (Cp), torque (Ct), and
tip speed ratio (A).

2. METHOD

A literature review is conducted in the preliminary stages of research, which involves reading and
examining references from books, journals, the internet, or earlier studies from domestic or foreign
sources. To comprehend the theories or computations about the conducted research at this point [11].
The spiral blade horizontal axis wind turbine design, which was previously agreed upon, is implemented
at the second stage of the design and design process [12]. The manufacturing of prototypes in compliance
with the previously created design is the third stage [13] comprising the production of towers, yawing
devices, and blades. The data retrieval diagram is described in Figure 1.
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Figure 1. Data retrieval diagram

The field test for the horizontal axis wind turbine (TASH) was then carried out. Three sessions
totaling two tests each session were-used to conduct the TASH field test. The morning session, the
midday session, and the afternoon session of the third session. Tests to determine the quantity of Rpm,
voltage, current, and torque as well as to validate TASH versus aspect ratio performance. The goal of
data processing, which comes after gathering data from field testing, is to gather all data for review. The
gearbox shaft that is attached to the generator is a source of data collecting [14]. The gearbox shaft
rotation is then used to determine the rpm measurement [15]. Following that, data processing is done to
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produce the research's findings and conclusions. Data processing is done by doing computations using
the data collected during the horizontal axis wind turbine field experiment.

3. RESULTS AND DISCUSSION

TASH Field test results data

The horizontal axis wind turbine data gathering process was conducted in an open area near North
Jakarta's New Muara Beach to confirm the TASH's optimal operation in producing energy, with an
aspect ratio of 0.116. This is the formula for the aspect ratio:

()

. _ Span
Aspect Ratiopiade Chord

Where:

Span: The total length of the turbine blade.

Chord: The average width of the turbine blade, measured from the leading edge to the trailing edge of
the blade.

This test involved examining a wind turbine with three spiral blades on a horizontal axis with and
without a planetary gearbox. The data from the planetary gearbox field testing of the horizontal axis wind
turbine are shown below. The data from testing horizontal wind turbines with planetary gears is shown
in Table 1.

Table 1. TASH testing data (planetary gearbox)

Testing time Wind TASH Rotation  Voltage Current Torque
Speed (m/s) (RPM) V) (A) (Nm)
Sesi 1 2,5 6,27 14,20 0,08 6,11
(09.00-10.00) 3,0 9,54 18,21 0,32 11,85
Sesi 2 3,5 13,04 25,98 0,60 16,97
(13.00-14.00) 4,0 16,74 35,81 0,86 22,77
Sesi 3 4,5 20,56 46,92 1,09 27,92
(16.00-17.00) 5,0 24,23 53,09 1,25 30,94

The lowest number, Revolutions per minute (RPM) 6,27 rpm, 14,20V, 0,08A, and torque of 6,11
Nm, is found at a wind speed of 2,5 m/s in the TASH 3 spiral blade experiment with an aspect ratio of
0,116. In contrast, the greatest value—24,23 revolutions per minute (RPM), 53,09V, 1,25A, and 30,94
Nm of torque—was recorded at a wind speed of 5,0 m/s. Consequently, it can be inferred from the data
from the graph that the tester acquired using a planetary gearbox on a horizontal axis wind turbine with
an aspect ratio of 0,116 that the more wind speed, the more power that is produced. Here are the average
test values for horizontal axis wind turbines without a planetary gearbox. Table 2 displays the testing
results for the horizontal axis wind turbine without a planetary gearbox.

Table 2. TASH testing data (without planetary gearbox)

Testing time Wind Speed  TASH Rotation Voltage Current Current
(m/s) (RPM) V) (A) (A)
Session 1 2,5 105,89 8,60 0,05 2,85
(09.00-10.00) 3,0 115,99 10,01 0,22 6,18
Session 2 3,5 129,13 14,86 0,41 8,99
(13.00-14.00) 4,0 141,25 20,01 0,57 11,93
Session 3 (16.00- 4,5 150,34 27,95 0,73 14,64
17.00) 5,0 163,41 30,43 0,84 15,73

The findings of the TASH 3 Blade experiment with an aspect ratio of 0,116 without a planetary
gearbox reveal the lowest value at a wind speed of 2,5 m/s, with a (RPM) Revolutions per minute of
105,89 rpm, 8,60V, 0,05A, and a torque of 2,85 Nm. On the other hand, the maximum value was recorded
at 5,0 m/s wind speed, 166,41 rpm (revolutions per minute), 30,43V, 0.84A, and 15,73 Nm torque. The
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data from the horizontal axis wind turbine with an aspect ratio of 0,116 without the planetary gearbox
thus leads to the conclusion that the more wind speed, the more power generated.

Relationship between wind speed and rotor rotation (rpm)

The TASH test findings, both with and without planetary, indicate that the rotor rotation (rpm) is
influenced by each wind speed value. The rotational speed of the rotor increases with increasing wind
speed. The graph of rotor speed against wind speed is displayed in Figure 2.

200

E —&—— Use Planetary 1

§ 150 |~ Without Planetary __d@,___,___,&____,__ .

3 L
&——" 7

2 100¢

)]

5}

5 507

n: D
(Me—"

0
2.5 3 3.5 B 4.5 5

Wind Speed [m/s]

Figure 2. Effect of wind speed on rotor rotational speed

According to the graph above, the maximum rotor rotational speed (rpm) was reached at a wind
speed of 5,0 m/s with a rotor rotation value of 24,23 rpm, and the lowest rpm value was at a wind speed
of 2,5 m/s with a rotor rotation value of 6,27 rpm. These values were obtained during the TASH test
using a planetary gearbox. While the lowest rotor rotation value was reached at a wind speed of 2.5 m/s
with a rotor rotation value of 105,89 rpm, the greatest rotor rotational speed (rpm) was achieved at a
wind speed of 5,0 m/s with a rotor rotation value of 163,41 rpm in the TASH test without a planetary
gearbox.

Wind speed to voltage relationship

The test data from TASH with and without a planetary gearbox demonstrates how the stress value
is impacted by each wind speed value. The resulting stress value increases with wind speed. The voltage
versus wind speed curve is displayed in Figure 3.
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Figure 3. Effect of wind speed on voltage

The maximum voltage was reached in the TASH test with a planetary gearbox at a wind speed of
5,0 m/s and a voltage value of 53,09 V. The wind speed of 2,5 m/s with a voltage value of 14,20 V has
the lowest voltage value. In contrast, the maximum voltage of 30,43V was attained in the TASH test
without a planetary gearbox at a wind speed of 5,0 m/s. and the voltage value with the lowest wind speed,
2.5m/s,is 8,60 V.
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Wind speed to current relationship

It is evident from the test data—both with and without a planetary gearbox—that the current value
is influenced by each wind speed value. The amount of current produced increases with wind speed. The
current strength graph versus wind speed is displayed in Figure 4.
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Figure 4. Effect of wind speed on current strength

The maximum current strength was reached in the TASH test using a planetary gearbox at a wind
speed of 5,0 m/s and a current strength value of 1,25A. When the wind speed is 2.5 m/s and the strong
current value is 0.08A, the lowest current strength is reached. The maximum current strength was
attained in the TASH test without a planetary gearbox at a wind speed of 5,0 m/s and a strong current

value of 0.84A. At a wind speed of 2.5 meters per second and a high current value of 0.05 amp, the
lowest current strength is reached.

Wind speed to torque relationship

It is possible to concluded that each wind speed value influences the torque value based on the test
results from TASH, both with and without a planetary gearbox. The more wind speed, the more torque
produced. The torque vs. wind speed graph is displayed in Figure 5.
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Figure 5. Effect of wind speed on torque

The torque value of 30,94 Nm was attained at a wind speed of 5,0 m/s in the TASH test utilizing a
planetary gearbox, while 6,11 Nm was the lowest torque value at a wind speed of 2,5 m/s. The maximum
torque of 15,73 Nm was obtained in the TASH test without a planetary gearbox, with a wind speed of
5,0 m/s. At a wind speed of 2.5 m/s, the lowest torque of 2,85 Nm was attained.

Data analysis results coefficient of power (Cp)

The experiment yielded higher theoretical and actual power outputs in proportion to wind speed.
The real power graph of the experiment against wind speed is displayed in Figure 6.
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Figure 6. Wind speed versus experimental and theoretical power

Demonstrates that the TASH Experiment with a planetary gearbox has a higher actual power value
than it would have without one. This is because planetary gearboxes can effectively alter power
distribution and rotation ratio. This reduces TASH's rotating speed but results in a greater Experimental
Actual value than when a planetary gearbox isn't used.

At a wind speed of 5,0 m/s, the highest experimental actual power on TASH utilizing a planetary
gearbox is reached, with an experimental actual power value of 66,3625 W. At a wind speed of 2,5 m/s,
the lowest experimental actual power is achieved, with an experimental actual power value of 1,1360 W.
However, the experimental real power on TASH without a planetary gearbox achieves the lowest
experimental actual power value of 0,4300W at 2,5 m/s wind speed and the greatest experimental actual
power value of 25,5612 W at 5,0 m/s wind speed.

With a theoretical power value of 148,8414W at 5,0 m/s, the maximum theoretical power was
attained, and with a theoretical power value of 18,6052W at 2,5 m/s, the lowest theoretical power was
attained. The graph of power coefficient values against wind speed is displayed in Figure 7.
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Figure 7. Graph of power coefficient value against wind speed

The power coefficient represents the relationship between the mechanical energy produced during
the turbine's rotation and the mechanical energy derived from wind gusts that pass through the turbine.
The graph demonstrates that TASH with a planetary gearbox has a higher power coefficient value than
TASH without one.

With a planetary gearbox, wind turbines can reach their highest power coefficient values at 4,5 m/s
with a power coefficient value of 0,4713 W, and their lowest at 2.5 m/s with a power coefficient value
of 0,0611 W. In contrast, with a non-planetary gearbox, wind turbines can reach their highest power
coefficient values at 4,5 m/s with a power coefficient value of 0,1880 W, and their lowest at 2.5 m/s with
a power coefficient value of 0,0231 W.

Data analysis results of torque coefficient (Ct)
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The predicted and experimental torque values are impacted by each wind speed value. The actual
torque value of the experiment and the theoretical torque produced increase with wind speed. The actual
torque numbers from the experiment and the theoretical torque produced increase with wind speed. The
torque value graph against wind speed is displayed in Figure 8.
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Figure 8. Graph of wind speed against torque value

The experimental real torque and theoretical torque values are impacted by each wind speed value.
As can be shown, the experimental real torque value in the TASH test with a planetary gearbox is higher
than in the test without one. This is because planetary gearboxes can effectively distribute power and
alter the rotation ratio.

With a planetary gearbox, the testing revealed that the maximum experimental actual torque of
30,94 N.m. was obtained at a wind speed of 5,0 m/s, while the lowest experimental actual torque of 6,11
N.m. was obtained at a wind speed of 2,5 m/s. In the meantime, during testing without a planetary
gearbox, the wind speed of 5,0 m/s produced the highest experimental actual torque, measuring 15,73 N.
m, and the wind speed of 2,5 m/s produced the lowest experimental actual torque, measuring 2,85 N. m.
Instance the highest theoretical torque was achieved at a wind speed of 5,0 m / s with a theoretical torque
value of 52,2206 N.m and the lowest theoretical torque was achieved at a wind speed of 2,5 m/s with a
theoretical torque value of 13,0552 N.m. Subsequently, the torque coefficient graph is computed and
presented in Figure 9 as a graph against wind speed.
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Figure 9. Graph of wind speed against torque coefficient

The torque coefficient value is independent of wind speed. The ratio of the theoretical torque to the
torque value produced by the wind turbine spinning is known as the torque coefficient. Because planetary
gearboxes can effectively distribute power and alter the rotation ratio, they have a higher torque
coefficient resulting in the TASH test than they would have without them.
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During the planetary gearbox test, the torque coefficient with the maximum value of 0,6813 N.m.
was obtained at a wind speed of 4,0 m/s, while the torque coefficient with the lowest value of 0,4680
N.m. was obtained at a wind speed of 2,5 m/s. In contrast, the test conducted without a planetary gearbox
yielded the highest torque coefficient, measuring 0.3570 N.m. at a wind speed of 4,0 m/s, and the lowest
torque coefficient, measuring 0.2183 N.m. at a wind speed of 2,5 m/s.

Wind speed relationship to tip speed ratio (TSR)
It was discovered that the wind speed influences the Tip Speed Ratio value by adjusting the wind
speed variable. The link between wind speed and the Tip Speed Ratio value is depicted in Figure 10.
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Figure 10. Graph of wind speed against tip speed ratio

Based on the wind speed against tip speed ratio graphical representation. The tip speed ratio's value
is influenced by wind speed; the higher the wind speed, the higher the Tip Speed Ratio value that results.
Due to the planetary gearbox's ability to effectively distribute power and alter the rotation ratio, the tip
speed ratio in tests utilizing it is higher than in experiments that do not. In comparison to turbines without
planetary gearboxes, those with planetary gearboxes can generate a greater tip-speed ratio value while
also slowing down the turbine's rotational speed.

In planetary gearbox tests, the wind speed of 2,5 m/s of 0,1305 produced the lowest tip speed ratio
(TSR) value, and the wind speed of 5,0 m/s of 0,7525 produced the highest value. In the test conducted
without a planetary gearbox, the wind speed of 2,5 m/s 0f 0,1059 yielded the lowest tip speed ratio (TSR)
value, and the wind speed of 5,0 m/s of 0,5701 yielded the greatest TSR value.

4. CONCLUSION

The 3-blade spiral's TASH test results, which have an aspect ratio of 0,116, indicate that the test
without a planetary gearbox produced the lowest voltage, current, and torque, with values of 8,60V,
0,05A, and 2,85N.m at a wind speed of 2,5 m/s and a turbine rotation speed of 105,89 rpm. On the other
hand, a planetary gearbox generated the maximum voltage, current, and torque throughout the test,
measuring 53,09V, 1,25A, and 30,94 N.m. at a wind speed of 5,0 m/s and a turbine rotation speed of
24,23 rpm. The tests conducted without a planetary gearbox yielded the following results: a Power
Coefficient of 0,0231 at a wind speed of 2,5 m/s, a Torque Coefficient of 0,2183 at a wind speed of 2,5
m/s, and a Tip Speed Ratio of 0,1059 at a wind speed of 2,5 m/s. These results are the result of the
analysis of the Power Coefficient (Cp), Torque Coefficient (Ct), and minimum Tip Speed Ratio (TSR)
produced. In the interim. In the tests using a planetary gearbox, the maximum values of the Power
Coefficient (Cp), Torque Coefficient (Ct), and Tip Speed Ratio (TSR) were found to be 4,5 m/s for a
Power Coefficient of 0,4713, 4,0 m/s for a Torque Coefficient of 0,6813, and 5,0 m/s for a Tip Speed
Ratio of 0,7525.
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