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Abstract— Horizontal axis wind turbine is one type of 

turbine used to convert wind energy into mechanical energy. The 

purpose of this research is to design, manufacture, test and 

analyze the performance of horizontal shaft wind turbine NACA 

4415 airfoil blades that do not use winglets with those that use 

winglet height variations. The stages of this research include 

preparation of literature search, planning and making NACA 

4415 airfoil blades both using winglets and not using winglets, 

assembling test equipment and assembling wind turbine 

installations, testing and taking wind turbine performance data, 

data processing and analysis, final results. The turbine diameter 

used is 1.1m with a blade thickness of 18 mm and a chord length 

of 38mm. Tests were carried out with winglet height test 

variables of 5%, 7%, 9%, and 11% of the rotor length at wind 

speeds of 4 m/s, 6 m/s, 8 m/s and 10 m/s.  The test results show 

that the NACA 4415 airfoil horizontal shaft wind turbine using 

a winglet with a height of 7% has optimum performance at 4 m/s 

and 6 m/s with efficiencies of 23.68% and 8.75%, respectively, 

while when the wind speed is 8 m/s and 10 m/s the optimum 

turbine performance is achieved when using a 9% winglet with 

efficiencies of 6.12% and 3.64%, respectively. The most 

optimum turbine performance improvement is achieved when 

using a 7% winglet with an efficiency increase of 204.76% at a 

wind speed test of 4 m/s. 

Keywords— HAWT, NACA 4415 airfoil, wind turbine 

efficiency, winglet, vortex 

I. INTRODUCTION 

Wind turbine can be defined as a device capable of 

converting wind energy into mechanical energy and then 

converted into electrical energy through a turbine generator 

[1]. Horizontal wind turbines have a main rotor shaft and an 

electric generator at the top of the tower and are directed 

towards the direction of the wind to be able to utilize wind 

energy [2]. Horizontal axis rotors are lift-based, have slender 

blades, and have high rotational speeds [3]. In principle, when 

there is interaction between the current flow and the turbine 

blades, two basic forces arise, namely lift and drag. Lift is a 

type of beneficial force to generate rotation in the turbine, 

while drag is a type of adverse drag force [4]. The mechanism 

of the formation of the elevator is due to the high pressure at 

the bottom and low pressure at the top. As a result of this 

imbalance, the flow at the tip of the wing tends to roll from 

the high pressure area at the bottom to the low pressure area 

at the top. Thus at the top of the wing there is a wing-length 

flow component from the tip towards the root, and at the 

bottom from the root towards the tip. This creates many small 

vortices distributed along the span, these small vortices merge 

into two large vortices at the wing tip (wing tip vortex). The 

vortex tends to attract the surrounding air and this secondary 

motion produces a downward velocity component behind the 

trailing edge called downwash. The appearance of this vortex 

and downwash structure produces a large amount of drag, 

which is due to the component of lift that is induced into drag 

or called induced drag. The addition of winglets is intended to 

improve performance by reducing induced drag on the blade 

by changing the downwash distribution [5]. Winglets are 

required that have aerodynamic loads such that the vortex 

sheet generated by the winglet can reduce the influence of tip 

vortex, reduce downwash and induced drag [6]. 

This research is expected to improve the performance of 

the NACA 4415 horizontal wind turbine profile so as to obtain 

optimal horizontal wind turbine performance. 

II. METHODS 

A. Blade and Winglet Design 

The horizontal shaft wind turbine model used has a total 

of 5 blades in accordance with the NACA 4415 airfoil 

standard. For NACA 4415 blades that use winglets, it is 

designed to be removable between the blade and the winglet 

so that later 1 NACA 4415 blade can be used for various 

winglet height variations. The total blade length of NACA 

4415 is 535 mm while the winglet length for each variation is 

80 mm. So that the length of the NACA 4415 blade that uses 

the winglet before the winglet is installed has a total length of 

455 mm. The design of the NACA 4415 blade is shown in 

Figure 1 below. 

 
Fig. 1. NACA 4415 Horizontal Turbine Blade 
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Winglets with a variation in height of 5%, 7%, 9%, and 

11% of the blade length as shown in table 1. Winglets with a 

height variation of 5% have a height of 26.75 mm, for 

winglets with a height variation of 7% have a height of 37.45 

mm, winglets with a height of 9% have a height of 48.15 mm, 

then for winglets with a height of 11% have a height of 58.85 

mm. 
Table. 1. 2D and 3D Design Winglet 

2D Design Drawing 3D Design 

Drawing 

1. Winglet 5% of the rotor 

length 

 

 

 

2. Winglet 7% of the rotor 

length 

 

 

 

 

3 Winglet 9% of the rotor 

length 

 

 

 

 
 

4. Winglet 11% of the rotor 

length 

 

 

 

 

 

B. Research Procedures and Data Presentation  

The test was conducted by testing the NACA 4415 airfoil 

horizontal shaft wind turbine without using winglets with the 

NACA 4415 airfoil horizontal shaft wind turbine using 

winglets with variations in winglet height of 5%, 7%, 9%, and 

11% of the turbine rotor radius. The wind speed variations 

used are 4 m/s, 6 m/s, 8 m/s, and 10 m/s. The wind is obtained 

from a blower that is already available at the Energy 

Conversion Laboratory State Polytechnic of Semarang as 

shown in Figure 2.  

 
Fig. 2. Testing Scheme 

The data taken in this test is free wind speed data (m/s) 

which will be used to rotate the turbine blade and also wind 

speed data in front of the turbine blade. Data collection of the 

two speeds using an anemometer tool. In addition, it is also 

necessary to collect data on the rotation of the turbine shaft 

(rpm) using a tachometer, collect voltage data (Volt) through 

a voltmeter, and also collect current data on the load that can 

be seen in the ammeter.  

The data is processed so as to obtain the value of kinetic 

power (Watt), generator power (Watt) and also the efficiency 

of the wind turbine system (%). The variables in this test are 

wind speed and winglet height. Data presentation is made 

using a graph of wind turbine system efficiency 

characteristics against turbine rotation at varying wind speeds 

and a graph of system efficiency characteristics against 

turbine rotation at a fixed wind speed.  

C. Data Analysis 

The analysis was carried out by looking at how the effect 

of using winglets with variations in winglet height on the 

horizontal wind turbine profile NACA 4415 on the efficiency 

of the wind turbine system produced. After the analysis, the 

NACA 4415 airfoil wind turbine with a winglet that has a 

height of 7% of the radius of the wind turbine blade is the 

variation with the highest system efficiency.  

III. RESULTS AND DISCUSSION 

In principle, horizontal wind turbines can rotate because 

of the rotating force acting on the wind turbine. The force is 

the tangential force which is the simultaneous of the lift force 

and the drag force. The lift force depends on the laminar flow 

above the airfoil, which means that the air flows unhindered 

on both sides of the airfoil. Because the air at the top of the 

airfoil flows faster than the air flowing at the bottom of the 

airfoil, there is a pressure difference at the top and bottom of 

the airfoil. Because the upper air flows faster than the bottom 

of the airfoil, it causes a decrease in pressure, and this pressure 

difference causes the lift to occur on the airfoil.  
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Fig. 3. Characteristic graph of the relation between efficiency and rotation 
of 5-bladed horizontal axis wind turbine NACA 4415 profile using winglets 

with a height of 7% of the rotor length 

Figure 3 is a graph of the characteristics of system 

efficiency against rotation (rpm) on the research variables of 

horizontal shaft wind turbines using winglets with a height of 

7% of the rotor length under different wind speed conditions. 

The highest system efficiency in the horizontal wind turbine 

model of 5 blades of NACA 4415 profile using winglets with 

a winglet height of 7% of the rotor length in each wind speed 

test is as follows. In the 4 m/s wind speed test, the highest 

efficiency was 23.68% in the 25 Watt load test, then for the 6 

m/s wind speed test, the highest efficiency was 8.75% in the 

25 Watt load test, for the 8 m/s wind speed test, the highest 

efficiency was 5.30% in the 40 Watt load test, and for the 10 

m/s wind speed test, the highest efficiency was 2.52% in the 

20 Watt load test. The efficiency of the system in this study 

tends to decrease as the wind speed increases. 

When the wind speed increases, more airflow hits the 

turbine blades so that a greater force is needed to hold the 

turbine. The more airflow that hits the blade causes resistance 

because it becomes a blade load so that the efficiency of the 

wind turbine decreases when the wind speed increases [7]. 

In addition, the cause of the decrease in efficiency along 

with the increase in wind speed can also be seen from the 

results of the Reynold Number calculation, where the value 

increases when the wind speed also increases. The increase in 

Reynold Number value indicates that the airflow conditions 

are increasingly turbulent [8]. When turbulent airflow flows 

through a wind turbine, the irregularly moving air particles 

can cause irregular drag forces. When this phenomenon 

occurs, a lot of energy is not absorbed by the turbine so that 

the turbine cannot provide more output power while the input 

power (kinetic power) increases. When the turbine output 

power does not increase while the input power increases, the 

turbine efficiency will decrease. This happens because the 

efficiency value of the turbine is determined by the ratio 

between the input power and the output power of the turbine.  

Based on the research data and graph 3, it can be seen that the 

NACA 4415 airfoil blade model with a winglet height of 7% 

of the rotor length has the highest efficiency at 4 m/s wind 

speed. Likewise, the NACA 4415 airfoil blades that do not 

use winglets or those that use winglets with heights of 5%, 

9%, and 11% of the rotor length produce the highest 

efficiency at 4 m/s. 

Based on the data obtained, it can also be seen the effect 

of adding winglets with variations in winglet height on the 

performance of the 5-bladed horizontal wind turbine NACA 

4415 profile. 

 

Fig. 4. Characteristic graph of the relation between system efficiency and 

NACA 4415 airfoil wind turbine rotation at 4 m/s wind speed. 

Figure 4 is a characteristic graph of the relationship 

between system efficiency and rotation of the 5-bladed 

horizontal shaft wind turbine NACA 4415 profile at a wind 

speed of 4 m/s for each winglet variation. At this 4 m/s speed 

test, turbines that do not use winglets produce the highest 

system efficiency of 7.77% at a load of 30 Watt, for wind 

turbines using winglets with a height of 5% produce the 

highest efficiency of 16.42% at a load of 30 Watt, then for 

wind turbines that use winglets with a height of 7% of the 

rotor length produce the highest efficiency of 23,68% at a load 

of 25 Watt, for wind turbines using winglets with a height of 

9% of the rotor length produces the highest efficiency of 

12.08% at a load of 20 Watt, and for wind turbines using 

winglets with a height of 11% of the rotor length produces the 

highest efficiency of 10.25% at a load of 25 Watt. The five 

curves produce the same trend. The trend of the efficiency 

curve will decrease when it reaches its optimum point.  

Based on Figure 4, it can be seen that wind turbines using 

winglets with a height of 7% of the rotor length produce the 

most optimum system efficiency while the highest turbine 

rotation is achieved by turbines using winglets with a height 

of 5% of the rotor length. In response to conditions like this, 

to determine which winglet variation is more optimum can be 

seen in the current produced not in the turbine rotation. 

Considering that this wind farm depends on natural conditions 

which during prolonged periods of weak winds in the rainy 

season means that not enough power comes from this wind 

farm while the demand for electricity remains high. To 

overcome these conditions, high-capacity battery storage 

facilities have been widely used as an important component 

of a successful energy transition leading to greater use of 

renewable energy.  
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Battery charging requires optimal wind turbine output 

current, while the voltage is kept constant [9]. In testing wind 

turbines using both winglets with a height of 5% and 7% of 

the rotor length at a speed of 4 m/s, wind turbines using 

winglets with a height of 7% of the rotor length are considered 

to have the most optimal performance compared to turbines 

with a height of 5% of the rotor length because turbines with 

winglets 7% of the rotor length produce a greater current, 

namely at a load of 5 Watts, turbines with a winglet height of 

7% produce a current of 0.366 A while turbines with a winglet 

height of 5% produce a current of 0.234 A, although the 

rotation of turbines with winglets 7% of the rotor length is 

lower than turbines using winglets with a height of 5%.  

Based on graph 4, it can be seen that turbines using 

winglets have optimum performance compared to turbines 

that do not use winglets. The addition of winglets to this 

horizontal wind turbine can increase the efficiency of the 

system because the winglet can reduce induced drag on the 

blade by changing the downwash distribution. Induced drag 

is an aerodynamic drag that occurs because the wind turbine 

diverts the incident airflow. This drag is caused by vortex 

formation such as tip vortex. Meanwhile, downwash is a 

phenomenon where the airflow from the wind turbine 

decreases in the horizontal direction. This can affect the 

effective angle of attack of the airfoil which can affect the lift 

and drag generated by the wind turbine.  

The addition of winglets to wind turbine blades can 

increase the output energy without increasing the projected 

rotor area [10]. This is done by spreading and moving the 

blade tip vortex (which rotates in the lower area of the rotor) 

away from the rotor plane, reducing downwash and 

decreasing the drag induced on the blade. The winglets 

convert some of the energy wasted in the rotor tip vortex into 

thrust.  

Wind turbine blades utilizing winglets are seen that the 

lower pressure decreases from the base of the blade to its tip 

and along the winglet towards atmospheric pressure, which 

eventually results in less vortices at the wing tip and improves 

the aerodynamic performance of the wind turbine [11]. 

Based on Figure 4, wind turbines using winglets with a 

height of 7% of the rotor length have the most optimum 

performance. At a height of 7% of the rotor length, the winglet 

works at its optimum point in reducing induced drag so as to 

produce optimum output power. Winglets with higher heights 

can reduce induced drag but can also increase drag fraction 

and drag profile which will reduce system efficiency. Drag 

fraction is the drag produced due to friction between the air 

and the surface of the turbine blades. This is caused by the 

square factor of air velocity toward the wing tip which can 

increase the surface area exposed to friction. While the drag 

profile is the drag generated by the shape of the airfoil or wing 

section. A high winglet can increase the drag profile because 

a high winglet increases the surface area exposed to friction 

and increases the pressure at the tip of the blade which can 

produce a larger vortex and reduce the effective lift.  

Taller winglets will increase the induced drag and 

concentrate the positive pressure towards the top of the rotor 

[12]. The drag induced by the winglets causes power losses 

and thus decreases the efficiency of the system. The use of 

winglets with higher heights will only increase the drag 

generated thereby degrading the performance of the 

horizontal wind turbine, besides the use of winglets that are 

too high will also concentrate extra positive pressure at the tip 

of the blades and increase the pressure difference in the rotor 

[13]. 

The aerodynamic performance of horizontal wind turbines 

or the performance of horizontal wind turbines increases with 

the increase in winglet height up to a certain height, when it 

reaches its optimum height, the performance of horizontal 

wind turbines will decrease along with the increase in winglet 

height [11].  

Based on the data from the research that has been done, 

testing the performance of horizontal wind turbines at a speed 

of 4 m/s can be concluded that wind turbines that use winglets 

with a winglet height of 7% of the rotor length have optimum 

performance with an increase in efficiency of up to 204.76% 

compared to horizontal wind turbines that do not use winglets.  

 

Fig. 5. Characteristic graph of the relation between system efficiency and 

NACA 4415 airfoil wind turbine rotation at 6 m/s wind speed. 

Figure 5 is a characteristic graph of the relationship 

between system efficiency and rotation of the 5-bladed 

horizontal shaft wind turbine NACA 4415 profile at a wind 

speed of 6 m/s for each winglet variation. At this 6 m/s speed 

test, turbines that do not use winglets produce the highest 

system efficiency of 3.86% at a load of 15 Watt, for wind 

turbines using winglets with a height of 5% produce the 

highest efficiency of 6.90% at a load of 20 Watt, then for wind 

turbines that use winglets with a height of 7% of the rotor 

length produce the highest efficiency of 8,75% at a load of 25 

Watt, for wind turbines using winglets with a height of 9% of 

the rotor length produces the highest efficiency of 6.61% at a 

load of 30 Watt, and for wind turbines using winglets with a 

height of 11% of the rotor length produces the highest 

efficiency of 4.88% at a load of 25 Watt. The five curves 

produce the same trend. The trend of the efficiency curve will 

decrease when it reaches its optimum point.  

Based on the data from the research that has been 

conducted, testing the performance of horizontal wind 
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turbines at a speed of 6 m/s can be concluded that wind 

turbines that use winglets with a winglet height of 7% of the 

rotor length have optimum performance with an increase in 

efficiency of up to 126.68% compared to horizontal wind 

turbines that do not use winglets. Based on the data obtained, 

although the wind speed increases to 6 m/s, the optimum 

performance of the horizontal wind turbine is achieved when 

using a winglet with a height of 7% of the rotor length. This 

shows that the winglet with a height of 7% is still optimum in 

reducing the increasing drag, which is considering that when 

the wind speed increases, the resulting drag profile will also 

increase [14]. 

 

Fig. 6. Characteristic graph of the relation between system efficiency and 

NACA 4415 airfoil wind turbine rotation at 8 m/s wind speed. 

Figure 6 is a characteristic graph of the relationship 

between system efficiency and rotation of the 5-bladed 

horizontal shaft wind turbine NACA 4415 profile at a wind 

speed of 8 m/s for each winglet variation. At this 8 m/s speed 

test, turbines that do not use winglets produce the highest 

system efficiency of 2.16% at a load of 55 Watt, for wind 

turbines using winglets with a height of 5% produce the 

highest efficiency of 3.61% at a load of 20 Watt, then for wind 

turbines that use winglets with a height of 7% of the rotor 

length produce the highest efficiency of 5,20% at a load of 40 

Watt, for wind turbines using winglets with a height of 9% of 

the rotor length produces the highest efficiency of 6.12% at a 

load of 30 Watt, and for wind turbines using winglets with a 

height of 11% of the rotor length produces the highest 

efficiency of 2.97% at a load of 25 Watt. The five curves 

produce the same trend. The trend of the efficiency curve will 

decrease when it reaches its optimum point.  

Based on the data from the research that has been 

conducted, testing the performance of horizontal wind 

turbines at a speed of 8 m/s can be concluded that wind 

turbines that use winglets with a winglet height of 9% of the 

rotor length have optimum performance with an increase in 

efficiency of up to 183.33% compared to horizontal wind 

turbines that do not use winglets. Based on the data obtained, 

when the wind speed increases to 8 m/s the optimum 

performance of the horizontal wind turbine is achieved when 

using a winglet with a height of 9% of the rotor length, no 

longer a winglet with a height of 7% of the rotor length as at 

a speed of 6 m/s. This shows that when the wind speed 

increases to 8 m/s the induced drag generated will increase 

[15] and winglets with a height of 7% of the rotor length are 

less than optimal in reducing induced drag so that the 

efficiency of the system is not optimal. 

When the wind speed is high the air around the airfoil 

cannot flow following the shape of the airfoil surface as a 

result it will cause a large enough drag force so that a higher 

winglet is needed to reduce the induced drag [16]. The higher 

the winglet, the less vortex is generated so that it can improve 

the performance of the wind turbine.  

For a certain wind speed, the aerodynamic performance of 

the horizontal wind turbine or the performance of the 

horizontal wind turbine increases as the winglet height 

increases to a certain height, when it reaches its optimum 

height, the performance of the horizontal wind turbine will 

decrease as the winglet height increases [11].  

 

Fig. 7. Characteristic graph of the relation between system efficiency and 
NACA 4415 airfoil wind turbine rotation at 10 m/s wind speed. 

Figure 7 is a characteristic graph of the relationship 

between system efficiency and rotation of the 5-bladed 

horizontal shaft wind turbine NACA 4415 profile at a wind 

speed of 10 m/s for each winglet variation. 

At this 10 m/s speed test, turbines that do not use winglets 

produce the highest system efficiency of 1.60% at a load of 

20 Watt, for wind turbines using winglets with a height of 5% 

produce the highest efficiency of 1.89% at a load of 25 Watt, 

then for wind turbines that use winglets with a height of 7% 

of the rotor length produce the highest efficiency of 2,52% at 

a load of 20 Watt, for wind turbines using winglets with a 

height of 9% of the rotor length produces the highest 

efficiency of 3.64% at a load of 25 Watt, and for wind turbines 

using winglets with a height of 11% of the rotor length 

produces the highest efficiency of 2.02% at a load of 15 Watt.. 

The four curves produce the same trend. The trend of the 

efficiency curve will decrease when it reaches its optimum 

point.  

Based on the data from the research that has been 

conducted, testing the performance of horizontal wind 

turbines at a speed of 10 m/s can be concluded that wind 

turbines that use winglets with a winglet height of 9% of the 
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rotor length have optimum performance with an increase in 

efficiency of up to 127.5% compared to horizontal wind 

turbines that do not use winglets. Based on the data obtained, 

although the wind speed increases to 10 m/s, the optimum 

performance of the horizontal wind turbine is achieved when 

using a winglet with a height of 9% of the rotor length. This 

shows that the winglet with a height of 9% is still optimum in 

reducing the increasing drag, which is considering that when 

the wind speed increases, the resulting drag profile will also 

increase [14]. 

IV. CONCLUSIONS 

Based on the data obtained, it can be concluded that: 
1. The performance of the 5-blade horizontal wind 

turbine with NACA 4415 profile increases with the 
addition of winglets.  

2. At wind speeds below 6 m/s, the performance of the 
NACA 4415 horizontal 5-bladed airfoil turbine is  

3. optimum when using winglets with a height of 7% of 
the rotor length.  

4. At wind speeds above 6 m/s to 10 m/s, the 
performance of the 5-bladed horizontal wind turbine 
with NACA 4415 profile is optimum when using 
winglets with a height of 9% of the rotor length.  

 
ACKNOWLEDGMENTS 

The authors would like to thank the State Polytechnic of 
Semarang for facilitating auxiliary equipment for testing tools 
in this research. The author would like to thank the Academic 
Directorate of Vocational Higher Education for granting 
funds in this research so that it can be carried out properly. 

BIBLIOGRAPHY 

[1] N. Khusnawati, R. Wibowo, and M. Kabib, “Analisa Turbin Angin 

Sumbu Horizontal Tiga Sudu,” J. Crankshaft, vol. 5, no. 2, pp. 35–
42, 2022, doi: 10.24176/crankshaft.v5i2.7683. 

[2] S. W. Buana, P. Yunesti, G. B. Persada, and A. Muhyi, “Desain 

Turbin Angin Horisontal untuk Area Kecepatan Angin Rendah 

dengan Airfoil S826,” J. Sci. Appl. Technol., vol. 4, no. 2, p. 86, 

2020, doi: 10.35472/jsat.v4i2.272. 

[3] A. M. Siregar and F. Lubis, “Uji Keandalan Prototype Turbin Angin 

Savonius Tipe-U,” J. Ilm. “MEKANIK” Tek. Mesin ITM, vol. 5, no. 
1, pp. 39–40, 2019. 

[4] A. Yasim, N. Rizal, and W. Widodo, “Studi Numerik Karakteristik 

Hidrofoil Naca 63(4)021 Sebagai Pengembangan Bilah Turbin Arus 
Laut Kecepatan Rendah,” Wave J. Ilm. Teknol. Marit., vol. 16, no. 

2, pp. 43–50, 2022, doi: 10.29122/jurnalwave.v16i2.4728. 

[5] L. Demasi, G. Monegato, R. Cavallaro, and R. Rybarczyk, 

“Optimum induced drag of wingtip devices: The concept of best 

winglet design,” AIAA Scitech 2019 Forum, no. October, 2019, doi: 
10.2514/6.2019-2301. 

[6] A. Lukin, G. Demidova, A. Rassõlkin, D. Lukichev, T. Vaimann, 
and A. Anuchin, “Small Magnus Wind Turbine: Modeling 

Approaches,” Appl. Sci., vol. 12, no. 4, 2022, doi: 

10.3390/app12041884. 

[7] B. R. Ananto and T. Y. Yuwono, “Studi Eksperimen Peningkatan 

Kinerja Turbin Angin Savonius dengan Penempatan Silinder 

Pengganggu di Depan Returning Blade Turbin pada S/D =1,2,” J. 

Tek. ITS, vol. 9, no. 2, 2021, doi: 10.12962/j23373539.v9i2.54358. 

[8] A. Rombe, G. Marausna, and F. Jayadi, “Analisis Karakteristik 

Aerodinamika Pada Pesawat Uav Fixed Wing Tenaga Surya Dengan 

Airfoil Tipe Mh32,” Tek. STTKD J. Tek. Elektron. Engine, vol. 7, 
no. 2, pp. 193–204, 2021, doi: 10.56521/teknika.v7i2.320. 

[9] D. Manurung and C. Rangkuti, “Pembuatan Pembangkit Listrik 

Tenaga Angin Untuk Rumah Tanggal Di Karawang, Jawa Barat,” 
Metr. Ser. Teknol. dan Sains, pp. 2774–2989, 2021. 

[10] M. Khaled, M. M. Ibrahim, H. E. Abdel Hamed, and A. F. 

AbdelGwad, “Investigation of a small Horizontal–Axis wind turbine 

performance with and without winglet,” Energy, vol. 187, p. 

115921, 2019, doi: 10.1016/j.energy.2019.115921. 

[11] E. S. Abdelghany, H. H. Sarhan, R. Alahmadi, and M. B. Farghaly, 

“Study the Effect of Winglet Height Length on the Aerodynamic 

Performance of Horizontal Axis Wind Turbines Using 

Computational Investigation,” Energies, vol. 16, no. 13, 2023, doi: 

10.3390/en16135138. 

[12] M. G. Mourad, I. Shahin, S. S. Ayad, O. E. Abdellatif, and T. A. 

Mekhail, “Effect of winglet geometry on horizontal axis wind 

turbine performance,” Eng. Reports, vol. 2, no. 1, pp. 1–19, 2020, 
doi: 10.1002/eng2.12101. 

[13] O. A. Gaheen, M. A. Aziz, M. Hamza, H. Kashkoush, and M. A. 

Khalifa, “Fluid and Structure Analysis of Wind Turbine Blade with 

Winglet,” J. Adv. Res. Fluid Mech. Therm. Sci., vol. 90, no. 1, pp. 

80–101, 2022, doi: 10.37934/arfmts.90.1.80101. 

[14] T. M. I. Ichwanul, T. S. Sinung, Ardanto, D. Herdiana, and A. 

Ariwibowo, “Studi Eksperimental Perangkat Ujung Sayap Pada 

Pesawat 19 Penumpang,” Teknol. Penerbangan, vol. 4, no. 01, pp. 

22–27, 2020. 

[15] F. Aryanto, M. Mara, and M. Nuarsa, “Pengaruh Kecepatan Angin 

Dan Variasi Jumlah Sudu Terhadap Unjuk Kerja Turbin Angin 

Poros Horizontal,” Din. Tek. Mesin, vol. 3, no. 1, pp. 50–59, 2013, 
doi: 10.29303/d.v3i1.88. 

[16] R. S. R. Hayuningtyas, F. F. Nugroho, and B. Jalaali, “Simulasi 

Numerik Karakteristik Aerodinamika Pada Airfoil NACA 4415 

Dengan Mempertimbangkan Ground Effect,” Aerosp. Technol., vol. 

4, p. 10, 2023. 

 

 

 

 

 

 

 

 

 

 


