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Abstract. This study aims to improve the performance of HAWT’s wind turbines in low wind
speeds condition. There are two possible approaches: developing low-speed rotor technology
and improving the turbine’s blades. In this research, we improve the turbine’s blades by
determining the type of airfoil, material and pitch angle. The airfoil used as its blade is NACA
4412 with teak wood material. Variations of pitch angles are at 0 °,2°,4°,6°,8°, 10 °and 12
°. Testing is realized by making an artificial wind in the wind tunnel. The imitation speed are of
2 m/s, 2.5 m/s, 3 m/s, 3.5 m/s, 4 m/s, 4.5 m/s and 5 m/s. The result shows that at 4° is the best
pitch angle that produces the maximum power output and rpm. The 4° pitch angle has a cut in of
2m/s wind speed and generates a power output of 9.71 Watt at an average Rpm of 505.6. The
increasing pitch angle decreases the power output and RPM generator.

1. Introduction

The growth of the world’s population and the development of human’s civilization continues to increase.
Thereby resulting in an impact on increased energy consumption. In the period of 2000-2030, EU are
estimated to experience an increase in energy demand by 0.5% per year, while in Asian it increases to
3% per year [1]. This energy requirement is mostly derived from fossil fuels that include non-renewable
energy sources [2]

The future usage of this fossil energy source needs to be reduced. Because of its diminishing presence
and causing some global problems, such as global warming, caused by the production of carbon dioxide
gas (CO2) resulting from the burning of fossil fuel [3]-[4]. Environmental awareness provides a boost
for the provision of clean energy resources, such as wind power [5]. Wind energy has been the direction
of clean energy development in the last 20 years. This development is a large scale or small scale wind
turbine generator [6].

Small-scale wind turbines are wind turbines that can work at low wind speeds. The Horizontal Axis
Wind Turbine (HAWT) which is a small-scale wind turbines type usually has a blade Diameter of 1-3
meters [7]. The number of blades is three pieces because it works efficiently at low and high wind speeds
[8]. In an effort to improve the performance of HAWT wind turbines at low wind speeds. There are two
possible approaches: developing low-speed rotor technology and plotting turbine blades. The blade plan
involves determining the airfoil type, material and pitch angle.

The suitable type of airfoil used for the small-scale wind turbine (HAWT) is an airfoil type following
the National Advisory Committee for Aeronautics (NACA) standard [9]. One of the most commonly
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used is NACA 4412 because it has a high cl/cd ratio. The blade material uses teak because it has
fabrication advantages, availability and cost effectiveness [10]. In addition, the selection of the use of
blades of teak wood material is because of its light weight and has passed the tired test stage [11].

The pitch angle is a blade mounting angle designed to allow the horizontal wind turbine to have the
lowest cut-in speed possible [12]. Cut-in speed is the minimum wind speed required for the generator to
produce a useful power output [13]. This angle affects the angle of attack so that the aerodynamic force
on the blade changes [14]. According to numerical simulations performed by Thumthae and
Chitsomboon on the HAWT’s wind turbine, variations in wind’s speed and pitch angle forms different
angle of attack [15]. The angle of attack causes the aerodynamic force of the curve cl / cd on each airfoil
to have its own characteristics [16]. Varying the pitch angle can manipulate power coefficients so that
it can generate power at low wind speeds [17]. Therefore, the determination of the pitch angle is very
important in order to obtain the maximum power output point. [17].

2. Experimental Method

2.1 Experimental set-up

This experimental study was conducted to determine the effect of pitch angle variation on the power
output generated by the HAWT’s wind turbine and its performance. The blades used by NACA
(National Advisory Committee for Aeronautics) 4412 specification shown in table 1.

Table 1. Blade specification

Variable Specification
Airfoil Type NACA 4412
Blades modeling type Non twisted
Total Blades 3
Blades’ length 600 mm
Blades’ Base Width 100 mm
Blades’ Tip Width 50 mm
Blade material Teak wood
Generator (PMG type) 100 Watt

2.2 Experimental design

Wind turbine testing using Wind Tunnel with specifications as shown in the following table 2. The first
procedure in this experimental research is placing the HAWT’s wind turbine in the wind tunnel, creating
an artificial wind speed. The variation of pitch angles is thensetat0°,2° 4°6°,8°, 10 °and 12 °.
Then, the power and RPM on each variation of pitch angle with an artificial speed of 2m /s, 2.5 m/s,
3m/s,3.5m/s,4m/s,4.5m/sand 5 m/sis measured. Artificial winds will drive the HAWT’s wind
turbine so it spins.

Table 2. Specification Wind Tunnel

Variable Specification
Wind Tunnel’s Length 3000 mm
Wind Tunnel’s width 2000 mm

Wind Tunnel’s Height 2400
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(b)

Figure 1. (2)Wind Tunnel Design (b) Data Input Scheme

2.3. Angle of pitch and material

The tests in this study focused on a pitch angle with NACA 4412 type of blade using teak wood material.
Variations of pitch angleat0°,2°,4° 6 °, 8 ° 10 °and 12 °. a combination of the pitch angle and the
wooden material are a novel in this study for the development of small-scale HAWT’s wind turbines.

Figure 2. Variations of pitch angle

3. Results and discussion

3.1. Power output and RPM are produced by angle pitch variation

Testing the NACA 4412 wind turbines produces varying power output. The figure 3.(a) shown of the 7
variations of pitch angle, 5 of them produces power output. While the variation in pitch angle of 0° and
20 does not produce electrical power output. Electrical power starts to be generated by the turbine at a
4e pitch angle. The additional wind speed is directly proportional to the output of electrical power.
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Figure 3. (a) Comparation of Wind Turbine’s Electricity Result, (b) Comparation of Wind Turbine’s
Rotor Rotation Result

The figure 3 (a) and 3 (b) shown 4° pitch angle produces maximum power, which at a wind speeds of 2
m/s and 5 m/ s produces power of 0.064 Watt at 261 Rpm and 9.71 Watt at 505 Rpm. The pitch angle
of 6° produces maximum power, which at wind speed 2 m /s and 5 m/ s produces power of 0.054 Watt
at 251 Rpm and 9.05 Watt at 496 Rpm. The pitch angle of 12° produces maximum power, which at wind
speed 3 m/sand 5 m/s produces power of 0.055 Watt at 263 Rpm and 3,047 Watt at 405 Rpm.

Table 3. Wind Turbine’s Electricity Result and Cut In Speed

Wind speed
2m/s  25m/s 3m/s 3.5m/s 4 m/s 4.5 m/s 5m/s
0 0 0 0 0 0 0 0
- 20 0 0 0 0 0 0 0
g | 4e 0.064 0.608 1.329 2.428 4,01 6.71 9.71
93_—; 60 0.054 0.47 1.116 2.265 3.193 5.932 9.05
2 |8 0 0.075 0.648 1.458 2.522 4.084 7.901
100 0 0 0.158 0.527 1.317 2.766 4.793
120 0 0 0.055 0.114 0.563 1.41 3.047

The orange block on the table. 3. Shows the Cut in speed on every pitch angle variation. Cut in speed is
the lowest wind speed in which the wind turbine’s generator starts to produce useful electrical power
output. A Cut in speed at 4° and 6° pitch angles occurs at a wind speed of 2 m / s and produce a power
output of 0.064 Watt and 0.054 Watt. A Cut in speed at 8° pitch angle occurs at a wind speed of 2.5 m /
s and produces a power output of 0.075 Watt. Whereas the pitch angle of 10° and 12° has a cut in speed
at wind speed of 3 m /s and produces 0.158 Watt and 0.055 Watt power output. The additional pitch
angle leads to a decrease in electrical power and the cut in speed requires a greater wind.
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3.2 Effect of variation angle pitch on power output
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Figure 4. The Graph Angle Pitch with Electricity Power

The Figure 4. shows the graph power output based on wind speeds of 4 m/s,4.5m/sand 5 m/s with
variations of pitch anglesat0°,2°,4° 6 ° 8° 10 °and 12 °. The 4° pitch angle produces maximum
power, at a wind speed of 5 m/ s generating 9.71 Watt of power. The pitch angle of 6° at a wind speed
of 5 m /s produces a power of 9.05 Watt and has a percentage decrease in power output of 6.7%
compared to the pitch angle of 4°. The pitch angle of 12° at wind speed m / s produces power of 3,047
Watt and has a percentage decrease of power output equal to 68.6% compared to the 4°of pitch angle.
The additional pitch angle causes the electrical power generated by the generator to experience a
significant downward trendline.

3.3. Effect of variation angle pitch on Rpm
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Figure 5. The Graph Angle Pitch with Rotor Rotational

The Figure 5. shows the graph Rpm Generator based on wind speeds of 4 m /s, 45m/sand5m/s
with a variation of pitch anglesat 0°,2°, 4 ° 6 °, 8 ° 10 ° and 12 °. The 4° pitch angle produces
maximum Rpm, at a wind speed of 5 m / s resulting in an average Rpm of 505.6. The pitch angle of 6°
at a wind speed of 5 m/ s yields an average Rpm of 496.6 and a percentage decrease in power output
by 1.7% compared to the pitch angle of 4°. The pitch angle of 12° at wind speed m / s produces an
average Rpm of 405.8 and a percentage decrease in power output of 19.7% compared to the pitch angle
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of 4°. The additional pitch angle resulted in a decrease in the generator’s rotation or Rpm although it’s
not very significant.

4. Conclusions

At the pitch angle of 0° and 2° the HAWT’s wind turbine does not rotate and produces no electrical
power output. The 4° pitch angle is the angle that produces the maximum power output and rpm. The
additional pitch angle resulted in a cut in speed requires a larger wind. The additional pitch angle resulted
in a significant decrease in electrical power output. The additional 12¢ pitch angle at wind speed m /s
produces a power of 3,047 Watt and has a percentage decrease in power output of 68.6% compared to
4 p pitch angle. Additional pitch angle resulted in a decrease of the generator’s rotation (Rpm). The
pitch angle of 120 at wind speed m /s produces an average Rpm of 405.8 and a percentage decrease in
power output of 19.7% compared to the pitch angle of 4°. The additional pitch angle resulted in a decreased
in power output and Rpm generator. Otherwise it will cause cut in speed to require a larger wind.
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