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ARTICLE INFO ABSTRACT

Article history: The rotor is one of the vital components of a wind turbine. In the design of the rotor,
Received 25 October 2022 the expected result is the most optimal power. This purpose study is to optimization
Received in revised form 3 February 2023 of the Horizontal Axis Wind Turbine power of various parameters such as airfoil, angle
Accepted 11 February 2023 of attack, and pitch angle. Airfoils (NACA 4412-2412 T.E. mod, NACA 2412-4412 T.E.

Available online 24 February 2023 mod, NACA 4412-2412 LE. mod, NACA 2412-4412 L.E. mod), angle of attack (0, 2, 4,

6), and pitch angle (0, 1, 2, 3) are the parameter variations used. The simulation
method uses BEM (Blade Element Momentum), and the Taguchi for optimization is
based on the L16 orthogonal array matrix. The ANOVA has to determine the
contribution of each parameter to the HAWT power generated. Simulation and
optimization results show that the most optimal parameter was a NACA airfoil 4412-

Keywords: 2412 L.E mod, at 0° angle of attack and 0° pitch angle, with the resulting power
Airfoil; angle of attack; blade element reaching 1015780 Watt. The ANOVA analysis shows the airfoil parameter has the
momentum; HAWT; optimization; pitch greatest contribution to the rotor power of the HAWT compared to the angle of attack
angle; wind speed and pitch angle.

1. Introduction

The Southeast Asian region has a lot of potential for using wind energy in wind turbines; one such
area is Indonesia, where wind speeds can reach 4-7 m/s [1]. Therefore, based on the Beaufort scale,
the wind speed is classified as low-medium [2]. Moreover, the medium wind speed classification has
the potential to be utilized but has not been able to produce effective and high power. Wind speed
in the range of 2 to 7 m/s is relatively suitable for small-capacity power plants, namely 10-100 kW
[3], and it is necessary to develop wind energy conversion tools according to wind speed.
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One potential utilization of wind energy is to use a wind energy conversion tool, namely the rotor
of the horizontal axis wind turbine, which is the first component of the turbine to receive wind kinetic
energy to produce mechanical energy to rotate the rotor for further conversion into electrical energy
[4]. Nevertheless, relatively low wind speed in Indonesia can be used because of its high efficiency
[5]. Ordinarily, the design of the rotor influences the power generated, components, and parameters
that are considered in designing the rotor as design a proper blade. The airfoil type, angle of attack,
and pitch angle are all parameters to consider when designing HAWT's blade.

Testing the wind turbine rotor performance should be as fast and accurate as possible. One of
the software that can simulate parameter values affecting wind turbines is called Qblade software.
This software allows users to design airfoils and can be directly integrated into the simulation and
rotor design. Besides that, there is also a method to predict wind turbine efficiency that has been
designed more cost-effectively, namely BEM [6]. The BEM theory uses to analyze the rotor power of
the wind turbine, optimize the rotor geometry, and analysis the force and torque acting on the blades
[7].

Research related, namely the analysis of a power HAWT using a variation of NACA airfoils (0020,
0018, 0015, 0012, 5520, 5518, 5515, and 5512) found that most optimal rotor design used 55xx
blades to produce a power of about 500 KW at 9m/s wind speed [8]. The study of the optimal angle
of attack between the NACA 0012 blade and the NACA 2412 blade uses BEM to find that the
maximum lift coefficient is when the angle of attack increases. Moreover, the NACA 2412 airfoil
shows higher efficiency at a tip speed ratio of 7 and produces a maximum power compared to the
NACA 0012 [9].

The study of determining the optimal angle of attack between the NACA 0012 and NACA 2412
blades to obtain the maximum lift and drag ratio using the BEM, then the result is that the NACA
2412 airfoil shows higher efficiency at a tip speed ratio of 7 and produces a maximum power output
compared to the NACA 0012 airfoil [10]. The effect of setting the pitch angle with variations of
displacement, namely +6°, +3°, 0°, -3°, -6° to get the power coefficient for TSR variations from 3 to 7
using BEM calculations, moreover that the pitch angle setting of 0° and +3° has the best effect on
turbine efficiency [11]. Study optimization of small-scale wind turbine design on the variations of
NASA airfoils, parameters angle of attack 0° to 20° obtains that lift coefficient value and lift to drag
ratio best found the SD7080 airfoil [12].

The simulation and optimization of HAWT rotor power of NACA airfoils (2412 and 4412) using
BEM reveals that the most optimal parameter is the NACA 4412-2412 airfoil trailing edges modified
at 3° angle of attack and 8m/s wind speed [13]. Airfoil leading edge modification for wind turbine
rotors by adding bumps resulted in a higher lift coefficient compared to wind turbines without
additional bumps [14]. Several studies related are airfoil analysis with the addition of bumps on the
wings of the aircraft to obtain better operating performance at a certain angle of attack [15-17].

The previous literature shows that even though a study on the performance analysis of HAWT
has been done, the works have a specific focus on the kind of airfoil, pitch angle, and angle of attack.
It is essential to understand that while using a HAWT in low wind conditions, numerous factors may
have unique and concurrent effects on the airfoil variation, pitch angle, and angle of attack. In order
to obtain improved parameters for the performance of the HAWT power rotor, it underlines the
requirement of concurrent investigation on optimizing airfoil type, angle of attack, and pitch angles.
Therefore, the goal of this study was to simulate and optimize the HAWT power from various airfoils,
angles of attack, and pitch angles.
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2. Methodology

This research is a simulation using BEM on Qblade Software to design and determine the rotor
power. BEM is a method that can performance predict a turbine rotor [18]. The BEM is based on an
estimation of the force acting on each blade segment. The blade was divided into several segments,
assuming each element is independent and the fluid flow of each segment has no interaction.
Following that, the force and moment of each segment will be computed. As a result, the total forces
and moments are an integration of all the forces and moments of each element [19,20]. The thrust
generated by the blade segment based on theory of the blade element, be determined using the
equation

dT = B %proml(Cl cos @ + Cysin @) cdr (1)

After the thrust obtained, the torque which work on each blade segment can be calculated
according to the blade element by using the equation

dQ =B %thzotal(Cl sin @ — Cy4 cos @) crdr (2)

where dT is the thrust, dQ is the torque on the blade sections, B is blades number, p is the air density,
Viotaris the resultant velocity, Cis the lift coefficient, Cy is the drag coefficient, ¢ the inflow angle, cis
the airfoil chord, and r is the radii of the element from hub.

The force which acts on an airfoil, the chord line to the wind direction is the angle of attack (a)
and the chord line to the line of rotation is the pitch angle (B) accordingly shown in Figure 1(a) and
(b) [13].

L Leosp+Dsing Chord line

Chord line

B Ve_ip Qr(l+a’)

L

rotor plane

L sing -

Viotal

(a) (b)
Fig. 1. Local element (a) forces (b) velocities and flow angles [13]

Table 1

Parameter setup of the 1 MW
HAWT Model

Specification Value

Air density (kg/m3)  1.225
Blades number 3

Length of blade (m) 55

Radius of hub (m) 1.25
tower height (m) 110
Swept Area (m?) 10,023.67
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The Taguchi is used to optimize the process to make a better-quality product and get more
optimal results. Whereas an orthogonal array matrix, which is a matrix of the row's number and the
columns arranged based on the factor's number and experiment levels, was used in designing more
efficient experiments and analyzing data from simulations [21]. The main goal of Taguchi is to
produce a product resistant to interference so that an optimal solution [22,23].

Ordinarily, the analysis results from the Taguchi method will display the means, signal-to-noise
ratio, and standard deviations [24]. Moreover, seeing the number of variables to be taken, this model
is very suitable because it provides a combination of two groups or more different variables. Taguchi
has the advantage of determining the minimum number of experiments with the most effective
results possible. The S/N ratio determines the factors that affect the results of power variance. It's
used to study the noise factor for the results variation of parameters because it is considered
stronger, simpler, and can be applied efficiently for quality improvement and control. The
characteristic of the use’s S/N ratio is the bigger, the better. The S/N ratio calculates the following
equation

1 1
S/Ny = ~10log (331, 7;) (3)
where y is the value of data, and n is the number of samples.

This study uses 3 independent variables, each variable has 4 levels of variation, so an orthogonal
array is needed to determine the minimum number of experiments to be carried out. DOF calculation
conducted to find out the fewest experiments that must be done, that is

Total dof = (number of factor) x (number of level) (4)
=3x(4-1)=9

So, it found as many as nine attempts at least. The orthogonal array matrix that will use has a
level 4 standard. Nevertheless, based on the three standard OA matrices whose available values are
L16, the orthogonal array matrix used is L1g(43). This study also uses two-way ANOVA to analyze the
effect of each parameter on the generating rotor power [25]. The output of ANOVA analysis includes
the degrees of freedom for each factor, the total degrees of freedom, the degrees of freedom of
error, the final percentage, the mean squared, and the F-ratio. The conditions that must be fulfilled
in the ANOVA are the independence of observation, the normal of the data studied distributed, and
the variance of the group must be homogeneous. The data normality test in this study used the
Kolmogorov-Smirnov.

F (Xi) = f(X = Xi) (5)
F (Zi) = f(L Zi) (6)
7i = Xis—)? (7)
Di = |F(Zi)F(Xi)] (8)

where Xis the mean of sample, F (Xi) is the cumulative probability of the value of (Xi), f(Xi) is the
probability of the value (Xi), Zi is the standardized sample normal value from transformation result
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(Xi), F(Zi) is the cumulative probability from the value of (Zi), and Di is the result of Kolmogorov
Smirnov normality.

In a study, the use of data needs to be known whether it comes from a sample or population that
is uniform/homogeneous. If there are at least groups with the same data variance in a data, the data
is considered uniform. Accordingly, the Barlett equation is used to determine the homogeneity of the
data in this study.

n Zzzxz _(Zzzixz)z

2 _
S2=1+ o (9)
2. % dbs?
ST=5"a (10)
B= () db)(ogS?)) (11)

where S? is the square variance, i is the data at-i, x is the data value, n is the data of the number,
db is the degree of freedom, and B is the Barlett result.

Confirmation test to determine whether the parameter settings recommended by Taguchi
optimization can produce good data or vice versa. Confirmation test results can be estimated by
predictive value and confidence interval using the equation

N =7n+X (nopt —n) (12)

n=1/nt+ X1 ni (13)

where 1 is the mean of replication data, p is the optimal factors and levels affecting quality
characteristics, ni is the replication data at-i, nt is the number of tests, and nopt is the mean for
optimal factors and levels.

1 1
Cl = \/Fa,l,[,fe. Ve (- +1) (14)
n
neff = T (15)

where Ve is the average square of the error in the ANOVA table, F, 1 pr. is the F ratio at significance
level a% (F0.5), Df e is the degree of freedom error on ANOVA table, nef f'is the total effective value,
n is the number of tests, and r is the confirmation test number.

The study is to find the influence of variations parameters against rotor power using the Qblade
software. The optimization settings of the three parameters of the HAWT rotor used are as Table 2.

Table 2
Variation of Rotor Power Optimization Parameters
Parameters Factor Levels

1 2 3 4
Pitch Angel A 0° 1° 2° 3°
Angel of Attack B 0° 2° 4° 6°

NACA Airfoil Type C 4412-2412 T.E Mod 2412-4412 T.E Mod 4412-2412 L.E Mod 2412-4412 L.E Mod
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Taguchi optimization with orthogonal array Lis is used in determining simulation parameter
settings. The design of the OA matrix was adjusted to the number of factors and levels, as shown in
Table 3. The Lis orthogonal array matrix is used in input setting parameters at Qblade software to

obtain HAWT rotor output power data.

Table 3
Matriks Ortogonal Array Li (4°)
No FACTOR

A
1 4412-2412 T.E Mod
2 4412-2412 T.E Mod
3 4412-2412 T.E Mod
4 4412-2412 T.E Mod
5 2412-4412 T.E Mod
6 2412-4412 T.E Mod
7 2412-4412 T.E Mod
8 2412-4412 T.E Mod
9 4412-2412 L.E Mod

AP~ NOOPMNOOOPAANOOPANO|
OFRP NWEFRPROWMNNMNWORLWNRELOIO

10 4412-2412 L.E Mod
11 4412-2412 L.E Mod
12 4412-2412 L.E Mod
13 2412-4412 L.E Mod
14 2412-4412 L.E Mod
15 2412-4412 L.E Mod
16 2412-4412 L.E Mod

This study uses four types of an airfoil, namely two modified NACA airfoils on the leading edge
and two modified NACA airfoils on the trailing edge. All the airfoils are shown and described in Figures
2to 5. The NACA 2412 L.E. Mod Airfoil (Figure 2) replaces the six points of coordinates on the leading
edge of the NACA 2412 airfoil with six points of coordinates on the leading edge of the NACA 1410
airfoil to achieve a higher lift coefficient than the NACA 2412 standard airfoil. The NACA 2412 T.E.
Mod Airfoil shown in Figure 3 was modified at six points of the trailing edge coordinates of the NACA

2412 airfoil to get a higher lift coefficient than the 2412 NACA standard airfoil [9].

The NACA 4412 L.E. Mod Airfoil (Figure 4) replaces the 11 points of coordinates on the leading
edge of the NACA 4412 airfoil with 11 points of coordinates on the leading edge of the NACA 2410

airfoil to achieve a higher lift coefficient than the 4412 NACA standard airfoil.

Ff\lllf\l]'!l\}i'[l
DE"-._ 0.1

L I L I L L L L L

0.2 03

0.4 0.5 0.6

I NACA2412
I NACA2412 L.E MOD

modified shape

L L L e P;iﬁ
07— [E 09 1

0

Fig. 2. Geometry of NACA 2412 L.E Mod Airfoil
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Fig. 3. Geometry of NACA 2412 T.E Mod Airfoil
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Fig. 4. Geometry of NACA 4412 L.E Mod airfoil

The NACA 4412 T.E. Mod airfoil [9] shown in Figure 5 was modified by six points of the trailing

edge coordinates of the NACA 2412, so it could get a higher lift coefficient than the 4412 NACA
standard airfoil.
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Fig. 5. Geometry of NACA 4412 T.E Mod airfoil

The HAWT blade design was conducted by inputting the airfoil in each segment. Each rotor has
three blades and a 54-m radius, and the designed chord of each segment is according to the
Kriswanto model [9]. Furthermore, input the angle of attack using the optimization menu on Qblade
software for the optimal rotor blade design in Figure 6-9.

The blade design in Figure 6 uses circular airfoils in the first and second segments [9], then 4412
T.E. Mod airfoils in segments 3—-9, and NACA 2412 T.E. Mod airfoils in segments 10-11.

NACA 2412 Mod T.E
NACA 2412 Mod T.E
NACA 4412 Mod T.E
NACA 4412 Mod T.E
NACA 4412 Mod T.E
NACA 4412 Mod T.E
NACA 4412 Mod T.E
NACA 4412 Mod T.E
NACA 4412 Mod T.E
Circular Foil
Circular Foil

Fig. 6. Blade Design using NACA 4412-2412 T.E Mod Airfoil

The design in Figure 7 uses circular airfoils in the first and second segments following Figure 6,
then NACA 2412 T.E Mod airfoils in segments 3 to 9 and NACA 4412 T.E Mod airfoils in segments 10
to 11.

The blade design in Figure 8 uses circular airfoils in the first and second segments, then NACA
4412 L.E. Mod airfoils on segments 3 to 9 and NACA 2412 L.E. Mod airfoils on segments 10 to 11.
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NACA 4412 Mod T.E
NACA 2412 Mod T.E
NACA 2412 Mod T.E

NACA 2412 Mod T.E
NACA 2412 Mod T.E
NACA 2412 Mod T.E
NACA 2412 Mod T.E
NACA 2412 Mod T.E
Circular Foil

Circular Foil

NACA 4412 Mod T.E

Fig. 7. Blade Design using NACA 2412-4412 T.E Mod airfoil

o

NACA 2412 Mod L.E
NACA 2412 Mod L.E
NACA 4412 Mod L.E
NACA 4412 Mod L.E

NACA 4412 Mod L.E
NACA 4412 Mod L.E
NACA 4412 Mod L.E

NACA 4412 Mod L.E

NACA 4412 Mod L.E

Circular Foil

Circular Foll

Fig. 8. Blade design using NACA 4412-2412 L.E Mod airfoil

NACA 4412 Mod L.E
NACA 4412 Mod L.E
NACA 2412 Mod L.E

_ NACA 2412 Mod L.E
/‘/ NACA 2412 Mod L.E
'“’/(\ NACA 2412 Mod L.E
NACA 2412 Mod L.E
NACA 2412 Mod L.E
NACA 2412 Mod L.E
Circular Foil
Circular Foil

Fig. 9. Blade design using NACA 2412-4412 L.E Mod airfoil

Whereas in blade design Figure 9 NACA 2412 L.E Mod airfoils on segments 3 to 9 and NACA 4412
L.E Mod airfoils on segments 10 to 11.
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3. Results and Discussions

This study conducted a validation test to confirm the results validity level with previous studies
that used the CFD. The analysis of the rotor using the CFD with the parameters shown in Table 4
shows that, with these parameters, the CFD simulation in research [26] produces a power of 927.78
Watt.

Table 4

CFD simulation data parameter [26]

Blade Degree (°) Airfoil v (m/s) Blade Length (m) Density (kg/m3) Power (Watt)
0 0018 31.94 2.6 1.225 927.78

The rotor power simulation using the BEM compared with the CFD (Figure 12) with parameter
Table 4. Accordingly, based on the BEM simulation results, the graph shows the power generated is
952 watts (Table 5).

k= N 0 R RS
() NN 360 oy L e
B = ,( 9 ~ .
Raotor Blade Rotor Simulation Tip Speed Ratio
o=
@ :--i the aerodesignofhawthladelSnew = the aerodesignofhawtblade1Snew Simulation (2) ~ 2.20
Power [W] Power [W]

958
o0 10%

956 _~~5010%

00 10%
954

50 104
00 10%
00 107

Fower [W] . Inflow [my's]

Lift Coeff

Fig. 10. Power Rotor HAWT with BEM Simulation on Qblade Software
Table 5
Comparison of Power Results Using the BEM vs CFD Metode
Simulation Method Blade Degree (°) Airfoil v (m/s) Blade Length (m) TSR Density (kg/m3) Power (Watt)

CFD 0 0018 31.94 2.6 - 1.225 927.78
BEM 0 0018 31.94 2.6 2.2 1.225 952
% Error:

(X2-X1) (952 —927.78)
X1 - 927.78

x100 = 2.7%

The results of the aerodynamic simulation between the CFD from research [27] and the BEM
values are not too far apart; the percentage error result is 2.7%. Accordingly, the BEM aerodynamic
simulation on the HAWT rotor follows the desired conditions. Validation was also obtained by looking
at research [27] to compare the CFD and the BEM using the following rotor parameters (Table 6).
Validation is performed between the two models, namely CFD and BEM, to ensure that the turbine
performance values are reasonable [28]. The computational domain mesh has a significant impact
on the accuracy of CFD simulation [29]. Furthermore, this method is a model for analyzing wind
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turbine performance based on mechanical, geometric, and feature factors [30]. The main objective
of the BEM model is that it is less costly and requires less time to compute than the CFD model [31-
36].

Table 6

Research Parameter Data Comparison of CFD and BEM
Radius (m) Wind Speed (m/s) Number of Blade Airfoil type
1 12 3 NACA 4412

The results shown in Figure 11 shows that the difference in the coefficient of maximum power
produced by the turbine using the CFD is 0.45, while BEM is 0.48, not too far away with a percent
error of 6.67%, where the BEM method does not use the calculation of turbulent effects that cause
the power coefficient of the result. Nevertheless, BEM simulation > power coefficient from CFD
simulation [27], so the BEM aerodynamic simulation on the turbine rotor is quite close to the desired
conditions.

—4—(QBlade =—E—CFD

0,6
0,5
0,4
0,3
0,2
0,1
0
0 2 4 b 8 10 12
Tip Speed Ratio (TSR)

The Power Coefficient (Cp)

Fig. 11. Comparison of power coefficient results
using Qblade BEM vs CFD [27]

(X2—X1) _ (0.48 — 0.45)

= 0
el 048 x 100 = 6.67%

The simulation was carried out by inputting parameters in the Qblade software according to
Taguchi's level, referring to the factor arrangement in Table 7. Furthermore, the results of the rotor
power show that there are parameter settings capable of producing power above 1 MW.

The ANOVA was analyzed to determine the effect, contribution value, and significance level of
the parameters, namely the type of airfoil, angle of attack, and pitch angle, on the HAWT rotor power.
The ANOVA test on the rotor power simulation shows the airfoil type has a significant effect where
the P-value is less than 0.05. As shown in Table 8, the parameters of the angle of attack and pitch
angle do not have a significant effect, whereas the P-value is above 0.05. Signal-to-noise ratio (SNR)
graphs aid in the interpretation of a model's behavior. However, Analysis of Variance can provide a
more comprehensive understanding of the specific effects of factors [37].

Based on Table 8, the airfoil factor has a P-value less than 0.05, the angle of attack has a P-value
of 0.079, and the pitch angle has a P-value of 0.461, which means that the airfoil type has a significant
effect on the HAWT power compared to the angle of attack and pitch angle. The airfoil factor has the
highest contribution value, i.e., 42.34%, followed by the angle of attack factor with a contribution
percentage value of 32.16%, and the last is the pitch angle factor with a percentage value of 17.09%.
The analysis of the average response value and signal-to-noise ratio to determine factors and set the
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optimal level. Table 9 shows the results of the S/N ratio for each factor level setting. Figure 10 shows
a graph of the factors-levels that affect the HAWT rotor power output.

Table 7

Rotor Power Simulation Result Data

No Factor Power Rotor (Watt)
Airfoil Type Angel of Attack (°) Pitch Angel (°)

1 4412-2412T.EMod 0 0 1013803
2  4412-2412T.E Mod 2 1 995530
3  4412-2412T.EMod 4 2 957850
4 4412-2412T.EMod 6 3 838845
5 2412-4412T.EMod 0O 1 888720
6 2412-4412 T.E Mod 2 0 905600
7 2412-4412T.EMod 4 3 907220
8 2412-4412T.EMod 6 2 884855
9 4412-2412L.EMod O 2 1006630
10 4412-2412 L.E Mod 2 3 975030
11 4412-2412 L.E Mod 4 0 976680
12 4412-2412 L.EMod 6 1 930290
13 2412-4412 L.EMod O 3 907830
14 2412-4412 L.E Mod 2 2 916300
15 2412-4412 L.E Mod 4 1 903520
16 2412-4412 L.EMod 6 0 877710

Table 8

ANOVA data result

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value

Airfoil Type 3 16704809417 42.34%
Angle of Attack 3 12685333787 32.16%
Pitch Angel 3 3316094414 8.41%

Error 6 6743167731 17.09%

16704809417 5568269806 4.95  0.046
12685333787 4228444596 3.76  0.079
3316094414 1105364805 0.98  0.461
6743167731 1123861288

Total 15 39449405348 100.00%

According to Table 9 and Figure 12, the optimal combination of parameter settings for HAWT
rotor design is airfoil level 3, namely NACA 4412 L.E Mod-2414 L.E Mod airfoil, setting the angle of
attack at level 1 (0°), and setting the pitch angle at level 1 (0°). The difference between the coefficient
lifts of the NACA 4412 airfoil modification and the standard presented in Figure 13, then the angle of
attack setting at level 1 (0°) and the pitch angle setting at level 1 (0°).

Table 9

Signal to noise response of rotor power

Level Airfoil Type

Angel of Attack Pitch Angle

1 119.54
2 119.05
3 119.75
4 119.10
Delta 0.7
Rank 1

119.6
119.5
119.4
118.9
0.7

2

119.48
119.36
119.47
119.14
0.34

3
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Main Effects Plot for SN ratios
Data Means
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Fig 12. Signal to noise ratio graph of wind turbine power rotor

NACA 4412 MOD Leading —
NACA 4412 MOD Trailing —
NACA 4412 Standard —

Fig. 13. Coefficient lift of NACA 4412 variation

Optimal parameter settings can give good results, and a confirmation test is carried out to
strengthen the results. Before conducting a confirmation test, it is necessary to calculate the
predicted value and tolerance of the power generated. Furthermore, a simulation should be carried
out with the Taguchi recommendation parameters; if the confirmation test results show a value still
within the interval range, the Taguchi experimental design is declared a success. The results of the
predicted rotor power in the optimal parameter setting conditions (Table 9) with the optimal value
of 1009050.375 Watt and interval at range +69213.139, then a confirmation test was carried out
using Taguchi recommendation parameter setting with the aim of whether the predicted value was
under the confirmation result.

Accordingly, the results of the confirmation test in Table 10 show results of 1.015.780 Watt,
where the confirmation test results are still within the range of the predicted value interval of
69213.139 Watt. Moreover, the value of the confirmation test was according to the design capacity
of more than 1 MW.
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Table 9

Prediction Value and Interval
of Rotor Power

Prediction (Watt) Interval

1009050.375 +69213.139
Table 10
Confirmation Test Result
Parameter
P Watt
Airfoil type Angle of attack (°) Pitch angle (°) ower (Watt)
1 4412-2412 L.LE Mod O 0 1.015.780

4. Conclusions

HAWT power was obtained by optimizing the airfoil type parameters and the angle of attack and
pitch angle on the HAWT rotor using Qblade software. The optimization method used was Taguchi
orthogonal array Lis, and analysis of the significant parameters uses ANOVA. Based on the
description, the conclusions obtained are

i.  The airfoil type has the most significant effect on the HAWT power, wherein the highest
contribution value of 42.34%. Nevertheless, the angle of attack and pitch angle in Qblade
software does not have a significant effect on the rotor power generated by the HAWT,
the attack angle setting factor has a contribution percentage value of 32.16%, and the
pitch angle factor has the smallest percentage value, that is 17.09%.

ii.  The most optimal HAWT rotor power obtained on the parameter’s airfoil type 4412-2412
L.E Mod, angle of attack 0° and pitch angle 0°, with these settings in the Qblade software
capable of producing a rotor power of 1.016 MW.
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