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Abstract--The use of electrical energy in Indonesia is currently very 
high. However, the energy used is still dominated by fossil energy, 
even though the potential for alternative energy in Indonesia is huge 
and cannot be utilised properly, one of which is wind energy. Wind 
power plants are renewable energy plants where the use of renewable 
energy is expected to replace energy sourced from fossil fuels, which 
are limited in Number. This research was conducted using a three-
blade spiral horizontal axis wind turbine (TASH) to investigate the 
effect of solidity number on the performance of TASH with a diameter 
of 1.536 m. The method used in this study is a field test conducted at 
Tanjung Pasir beach, Tangerang Regency, Banten. TASH 
performance is assessed by measured parameters such as voltage 
value, generator output current, and torque value; also, non-
dimensional parameters such as power coefficient, torque coefficient, 

CT, and the value of Tip Speed Ratio, TSR, generated due to TASH 
rotation at each wind speed from 1 m/s to 6 m/s. Field test results 
obtained. Experimental actual power = 9.991 watts, torque value = 6.0 
Nm (wind speed 5 m/s), Power coefficient, CP = 0.066 and Torque 
coefficient, CT = 0.674 at 2.0 m/s wind speed, Solidity number = 0.976  
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1. INTRODUCTION  
 
The availability of electrical energy in the national energy supply system is crucial and plays a vital role in 
maintaining the country's economic continuity. Especially when fossil fuels are still scarce, this highlights 
the challenges that countries face in meeting their energy needs, population growth, and economic 
development. In the national energy policy, one of the central guidelines for national energy development 
is to strengthen energy from renewable energy sources, such as geothermal, hydroelectric power, solar, 
wind, and biomass, with a target share of 17 percent renewable energy. By 2025, the use of renewable 
energy can help reduce dependence on fossil fuels in the national energy supply system. Apart from that, 
global warming related to the consumption of fossil fuels is one reason to reduce the use of fossil fuels. 
Considering the role of renewable energy in the national energy supply system will be crucial in the future, 
policies are needed to support its sustainable implementation [1]. 
           

Future energy supply is a concern that affects all nations, as human welfare in modern life is closely 
tied to the quantity and quality of energy used. 
Access to energy is a crucial development factor for countries like Indonesia. With the development of 
the industry, economic growth, and population growth, energy demand has increased [2]. 
           
          In connection with the development of the Horizontal Axis Wind Turbine (HAWT), extensive research 
has been conducted to produce a system that functions optimally. Where can the efficiency of this system 
be improved to obtain the maximum power factor? One of them uses multiple blades. This maximum 
power factor increases the Number of watts (power) produced, so that a smaller number of wind turbines 
is sufficient to produce a certain number of watts [3]. 
 
          Non-renewable energy (fossil fuels) and renewable energy play a crucial role in human life. Many 
community businesses are driven by energy, especially electricity. This is the government's primary task 
to provide electrical energy, which continues to increase over time. The amount of electricity installed in 

https://publikasi.mercubuana.ac.id/index.php/jtm/index
mailto:41318120013@student.mercubuana.ac.id
http://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/


 
 

JURNAL TEKNIK MESIN 
(JOURNAL OF MECHANICAL ENGINEERING) VOL. 15, NO. 01, February 2026 

 

p-ISSN 2089-7235 | e-ISSN 2549-2888   | 2 6  

2017 was approximately 60,789.98 MegaWatts (MW), representing a 1.9% increase from 2016, which 
was 59,656.30 MW [4]. 
Wind power manufacturers typically use either horizontal turbines or vertical wind turbines to harness 
power from wind flow. Generally, it consists of blades directed into the wind, connected to the rotor, and 
then to the generator. These systems require larger blades, taller towers, and more land area to achieve 
higher energy output. To capture more wind energy, manufacturers install rotors at the tops of tall towers 
because wind speeds near the ground are very low. However, complaints about threats to wildlife, noise 
and visual pollution, and high production and maintenance costs continue to hinder development [5]. 
 

Based on the background above, this research aims to test a Horizontal Axis Wind Turbine with 
a variation of three-bladed spiral blades, specifically regarding the effect of solidity number, to analyze 
whether a wind turbine with three blades can operate more optimally and effectively at certain wind 
speeds. 
   
1.1 Wind Turbines 
Wind turbines are windmills used to generate electricity. This wind turbine was initially developed to 
meet the needs of farmers for rice milling and irrigation. Many early windmills were built in Denmark, the 
Netherlands, and other European countries, and are commonly known as windmills. Now, wind turbines 
are increasingly used to meet people's electricity needs, based on the principle of energy conversion 
and utilizing renewable natural resources, specifically wind. Although wind turbine construction cannot 
be compared with traditional power plants (e.g. 
PLTD, PLTU), researchers are still developing wind turbines, because in the near future, people will 
face the problem of a shortage of non-renewable natural resources (e.g., coal, petroleum) as raw 
materials for electricity production [6]. 
 

Wind turbines can be classified as energy converters based on the aerodynamic principles that 
affect the rotor. Based on aerodynamic principles, wind turbines are categorised into two types: drag-
type and lift-type. The two aerodynamic principles used by wind turbines have different rotor rotations, 
where the drag principle has a relatively low rotor speed compared to wind turbines whose rotors use 
the lift principle. Based on the direction of the rotor's rotation axis, wind turbines can be divided into two 
categories: horizontal-axis wind turbines (HAWT) and vertical-axis wind turbines (VAWT) [7]. 
 
1.2 Types of Wind Turbines 
The vertical-axis wind turbine was the first type of artificial wind turbine. Initially, rotor rotation utilised 
only the Magnus effect, which was caused by the difference in drag on both sides of the rotor or blade, 
thereby generating a torque about the rotor rotation axis. Main characteristics 
Vertical axis windmills, or what is better known as the axis perpendicular to the direction of the wind 
flow, or perpendicular to the earth's surface [8]-[11]. 
 

 
 

Figure 1. Vertical axis wind turbine 
 

A horizontal-axis wind turbine (HAWT) has a main rotor shaft and an electric generator at the top of 
the tower. Small turbines are controlled with simple wind vanes, while large turbines usually use wind 
sensors connected to servo motors. This type of wind turbine is the most common type of windmill used 
today. This turbine consists of a tower topped with a propeller that functions as a rotor, either in the 
direction of the wind or veering away from it. Most of the wind turbines of this type produced today are 
equipped with two or three propellers [12]. 
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Figure 2. Horizontal-axis wind turbine 
 

 
A horizontal-axis wind turbine has a rotating axis parallel to the ground, and the rotor's rotating axis 

is in the direction of the wind. The main components of a horizontal-axis wind turbine consist of rotor 
blades, tail plane, tower, and generator. Based on the position of the rotor against the wind direction, 
horizontal axis wind turbines are divided into two types, namely: 1. Upwind, 2. Downwind 

 
 

Figure 3. Upwind Turbin dan Downwind Turbin 
 
 
2. METHODOLOGY 
 
2.1 Research Methods 
The field experimental trial aims to determine the actual power and torque produced by TASH by varying 
the blade shape to a spiral shape and the Number of blades to three under certain wind speed 
conditions. Before testing, a test tool was first made in the form of a spiral blade TASH prototype with 
three blade variations. The prototype was carried out in a series of trials in an open field on the edge of 
Tanjung Pasir beach, Tangerang Regency, Banten. Due to fluctuating wind speeds, the data collection 
process was carried out at 30-second intervals, and data collection was repeated 7 times. From the data 
obtained in the TASH trial, the average value was used to determine the actual wind speed, actual 
torque, and actual turbine power. 
 
2.2 Tools and Materials 
Tools and materials needed to support field test studies of horizontal-axis wind turbines with three spiral 
blades regarding solidity number effects. 
 

Table 1. Tools and Materials 

No 
Tools and 
Materials 

Allotment 

1 Anemometer Measuring wind speed. 
2 Techometer Measuring the Number of shaft revolutions. 
3 Torque meter Measuring the amount of torque of a rotating object. 
4 Multimeter Measuring the voltage and current output of the generator. 

5 Generator 
Converts rotational motion (mechanical) energy on the drive shaft into 
electrical energy. 
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Table 1 shows the tools and materials used in this research. The Anemometer was used for measuring 
the wind speed, while the tachometer was used for measuring the Number of shaft revolutions, and the Torque 
meter was used for measuring the amount of torque of a rotating object.  
The generator used here converts rotational motion (mechanical) energy on the drive shaft into electrical energy. A 
Multimeter was used for measuring the voltage and current output of the generator.  
 
 
2.3 Wind turbine design 
The following is a picture of the design of a three-bladed spiral horizontal-axis wind turbine used for field 
test experiments. 

 
Figure 4. TASH Three spiral blades 

 
2.4 Experimental Study 
Actual power 
Data collection occurs when the wind speed is stable. Variables obtained from test results include wind 
speed, rotation speed, voltage (V), and current (I). The equation obtains the actual (experimental) wind 
power value:      
Pexp = V x I (1) 

 
The theoretical power of the turbine is derived based on [13], so that the power coefficient Cp can be 
expressed as:  

CP = 
𝑃𝑤.𝑒𝑥𝑝

Pw
 (2) 

 
And the theoretical power is derived from [10],  

𝑃𝑤 =
1

2
𝜌𝐴𝑉²𝑉 [𝑊] 

(3) 

 
Calculation of torque value (Tth), obtained from [14], namely 

 Tth =
1

2
𝜌𝐴𝑅  𝐻𝑉𝑤

2 (4) 

And the torque coefficient value is determined from [15], 

CT = 
𝑇𝑒𝑥𝑝

𝑇𝑡ℎ
 

(5) 

                          
Co-efficient speed (Tip Speed Ratio), TSR [16],                         

λ =  
𝐶𝑝

𝐶𝑡
 

(6) 

 
Solidity Number is defined from [13], 

   σ = n 𝑐 𝑑⁄  (7) 

 
Explanation : 
n = Number of blades/blades 
c = Blade cord length 
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d = Outside diameter of the turbine 
Measurable and unmeasurable parameters from turbine test results are calculated and analyzed using 
equations from 1 to 7. 
 
2.5 TASH prototype materials 
The TASH prototype material is made of fiber material with a thickness of 2.5 millimeters. 
 

Table 2. Design parameters of spiral type TASH 

Turbin Lr [mm] Di [mm] Do [mm] c [mm] 𝝈𝒓 

3 blade 768 800 1536 500 0.976 
4 blade 768 800 1536 500 1.302 
5 blade 768 800 1536 500 1.627 

 
Explanation :  
Lr : Rotor length 
Di : Inner diameter 
Do  : Outer diameter 

c    : Blade length 

𝜎𝑟  : Solidity number 
 

2.6. Experimental procedures 
The process of collecting experimental data was conducted in an open area on the edge of Tanjung 
Pasir Beach, Tangerang Regency, Banten Province. Due to variations in wind speed, the data collection 
process was conducted at 30-second intervals, and data collection was repeated 7 times. From the 
HAWT experimental data, the average value is used to obtain the actual values of wind speed, torque, 
and turbine power. 
 
3. RESULT AND DISCUSSION 
 
3.1 Tables and curves 
The following is a compilation of data from wind turbine test results used to calculate the parameters 
described above. 
 

Table 3. Average Data Results of TASH field test data collection with three spiral blades 

Interval Time Wind speed (m/s) TASH Round 

(RPM) 

Voltage 

(V) 

Carrent 

(A) 

Torque 

(N.m) 

1 

2 

3 

4 

5 

6 

7 

09:00 

10:00 

11:00 

12:00 

13:00 

14:00 

15:00 

2.0 

2.5 

3 

3.5 

4 

4.5 

5 

72.7 

85.7 

100.2 

113.2 

122 

132 

140 

6.15 

7.00 

7.80 

8.61 

9.35 

10.01 

10.30 

0.08 

0.21 

0.37 

0.57 

0.71 

0.85 

0.97 

1.92 

2.80 

3.50 

4.16 

4.74 

5.40 

6.00 
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Table 4. Data from analysis and calculations 

 

Time 

Wind 

speed 

(m/s) 

Actual 

Power 

(Pexp) 

(Watt) 

Theoretical 

Power 

(Pw) 

(Watt) 

Coefficient 

Torque 

(Ct) 

Coefficient 

Power 

(Cp) 

Tip Speed 

Rasio 

(TSR) 

09:00 

10:00 

11:00 

12:00 

13:00 

14:00 

15:00 

2.0 

2.5 

3.0 

3.5 

4.0 

4.5 

5.0 

0.492 

1.470 

2.886 

4.907 

6.638 

8.508 

9.991 

7.411 

14.476 

25.015 

39.723 

59.295 

84.426 

115.811 

0.674 

0.629 

0.546 

0.477 

0.416 

0.374 

0.337 

0.066 

0.101 

0.114 

0.123 

0.112 

0.100 

0.086 

0.098 

0.161 

0.211 

0.258 

0.268 

0.268 

0.255 

 
3.2 Analysis curve 

 

Figure 5. Curve of experimental results for voltage 

versus wind speed 

Figure 9. Torque coefficient curve against 

wind speed 

Figure 6. Curve of experimental results for current 

strength versus wind speed 

 

Figure 10. Power coefficient curve against 

wind speed 

 

Figure 7. Actual power curve against wind speed 
Figure 11. Tip Speed Curve Ratio to wind 

speed 



 
 

JURNAL TEKNIK MESIN 
(JOURNAL OF MECHANICAL ENGINEERING) VOL. 15, NO. 01, February 2026 

 

p-ISSN 2089-7235 | e-ISSN 2549-2888   | 3 1  

 

 

Figure 8. Wind power curve (Pw, ideal) against 

wind speed 

 

Figure 12. Theoretical and actual power 

curves against wind speed 

3.3 Effect of Solidity Number 

Influence of Solidity Number on the Performance of Horizontal Axis Wind Turbines. 

 

Figures 13 & 14 . Power and torque coefficient curves against wind speed 

 

Figure 15. Rotor speed curve against wind speed 

From the graphs in Figures 13 and 14 above, it can be observed that there is an increase in the power 
coefficient, coinciding with an increase in the turbine solidity number. This is because there is a decrease 
in the rotor rotation speed, as shown in Figure 15, along with an increase in the turbine solidity number, 
due to the influence of increasing the Number of blades. 
 
4. CONCLUSION 
 
From the discussion and analysis carried out based on the potential wind speed during testing, it can 

be concluded as follows: 

1. From the analysis results, the smallest voltage and current generated are 6.15 V and 0.08 A at 

a turbine rotation speed of 62.4 r.p.m. with a wind speed of 2.0 m/s, and the highest voltage 

produced was 10.30 V and 0.97 A, namely at a turbine rotation speed of 140 r.p.m. with a wind 

speed of 5.0 m/s. The higher the wind speed, the higher the turbine rotation speed. 

2. For the actual experimental power and theoretical power, the maximum values at a wind speed 

of 5.0 m/s are 9,991 watts and 17,788 watts, while the lowest values are 0.492 watts and 7.411 

watts at a wind speed of 2.0 m/s. The maximum torque coefficient value is 0.6746 with a wind 
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speed of 2.0 m/s. The maximum power coefficient is 0.0863 with a wind speed of 5.0 m/s, and 

the maximum value for the tip speed ratio (TSR) is 0.255 at a wind speed of 5.0 m/s. 
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