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Abstract:  
Micro wind turbines (MWTs) are becoming a promising source of electricity 
generation for decentralised electricity generation, especially in rural areas. 
The efficiency of MWTs depends on some design and operational factors, 
including the number of blades, blade radius and wind speed. This paper 
seeks to establish the effects of these parameters on the performance of 
the turbine and determine the best configuration that will yield the highest 
power and efficiency. The experimental design was done systematically 
using the Taguchi method with an L16 orthogonal array to reduce the 
number of experiments required for the analysis. Two dependent variables, 
namely power output and coefficient of performance (Cp), were recorded 
for each configuration tested. The results of the experiments were analyzed 
using Analysis of Variance (ANOVA) to test the significance of each input 
factor and the Weighted Sum Model (WSM) for multi-objective 
optimization. As for the WSM method, unequal weights were assigned to 
power (0.35) and Cp (0.65), with efficiency taking precedence over other 
factors. The optimization studies revealed that the highest performing 
turbine was the three-bladed turbine with a radius of 0.26 m and a wind 
speed of 12 m/s. Confirmation experiments under these conditions also 
showed the same results with little variability, thus confirming the 
experimental results. The present work offers a systematic, quantitative 
approach to improve MWT performance, useful for the design and 
implementation of small-scale wind energy systems in distributed energy 
applications. 
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1. INTRODUCTION  
 

The world energy map is changing, and countries 
are shifting from reliance on conventional sources 
of energy, such as fossil fuels, to clean energy. This 
is due to the rising global concern of greenhouse gas 
emissions, climate change, and energy security [1–
4]. Wind energy is one of the most important 
renewable energy sources because of its ability to 
be scaled up, the reduction in costs and the 
availability of the resources in most parts of the 
world [5–8]. The growth of wind power is further 

enhanced by the advancements in the technology 
of turbines, resource assessment, and integration of 
the power grid [9–12]. Modern methods of wind 
energy extraction include onshore wind power, 
offshore wind power, floating wind power, and 
vertical axis wind turbines, depending on the area 
and conditions of the location, thus enhancing the 
use of the resource and speeding up the shift to 
clean energy [13–15]. 

MWTs are an effective solution for decentralized 
and small-scale electricity generation, particularly 
in areas where the centralized electricity 
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infrastructure is lacking or is underdeveloped. 
These compact systems are used to capture wind 
energy at low speed and can be installed in homes, 
farms or small communities to provide electricity 
for such facilities [16–19]. It is crucial in 
decentralizing electrification for energy democracy 
and minimizing dependence on diesel generators 
and providing energy in low-resource environments 
[20–23]. Besides the renewable benefits of 
generating clean electricity without any emissions, 
these turbines have associated economic benefits 
such as cheaper electricity prices, energy security, 
and possible employment for local engineers in the 
installation and maintenance of turbines. Due to 
these characteristics, Micro Wind Turbines (MWTs) 
are most suitable for rugged terrains and 
underdeveloped areas where the installation of 
conventional power systems is either impossible or 
financially unviable [24–27]. 

The optimization of MWTs also poses several 
challenges because of the interdependency of 
various design parameters that need to be fine-
tuned for efficiency. Among these parameters, the 
number of blades, blade radius, and the wind speed 
that is available to the turbine are some of the most 
important parameters that determine the power 
produced as well as the aerodynamics of the 
turbine. The number of blades influences torque 
and rotational speed; it has been found that three 
to five blades may be the most effective under some 
conditions; adding more blades may decrease 
efficiency due to drag and costs [28–30].  Blade 
radius is also important since it affects the swept 
area and the capacity of the turbine to capture wind 
energy; nevertheless, the increase in the radius 
leads to an increase in the structure load and 
rotation inertia, which can decrease efficiency in 
low wind speed [16,31,32]. Another important 
factor is the availability of wind speed since power 
is directly proportional to the cube of the wind 
speed, and therefore, a slight increase in velocity 
leads to a huge increase in energy produced. 
However, MWTs operate primarily in low wind 
speed environments and hence, the design of the 
blade, pitch angle, and aerofoil has to be optimized 
to work in such conditions [33]. 

A number of research studies have been 
conducted in the recent past to determine how 
micro and small-scale wind turbines can be 
designed to be more efficient aerodynamically, 
structurally, and in terms of energy yield under low 
wind speeds. In research [34] Q-Blade and 
Boundary Element Method (BEM) theory were used 
to model and analyze NACA 4412 and SG6043 

aerofoils for Horizontal Axis Wind Turbine (HAWT), 
and found that the maximum power output of 
245.09 W at Tip Speed Ratio (TSR) of 6 with low cut-
in velocity of 1.80 m/s and 1.70 m/s respectively, 
which could be very effective for low wind areas. In 
the same way in paper [35] used a genetic algorithm 
in conjunction with BEM to optimize chord length 
and twist angle and achieved a tremendous 140% 
improvement in the startup torque with a mere 
1.5% decrease in the power coefficient, thus 
allowing the operation of the turbine at a low wind 
speed of 4 m/s. In research [36], the BEM modelling 
was enhanced by incorporating the Viterna-
Corrigan stall model, and the optimised blade 
design was further verified by simulating in the 
MATLAB/Simulink environment, resulting in lower 
cut-in speed and higher power output than the 
experimental values. 

In research [37] BEM, Classical Lamination 
Theory and Particle Swarm Optimisation were used 
to study the effects of blade length and hub height, 
and it was found that hub height has a greater 
impact on reducing the cost of energy by 17.54% 
than the rotor diameter. In the structural design 
aspect, in research [38] BEM and Finite Element 
Analysis (FEA) were integrated to design a 5 kW 
HAWT blade using carbon fiber material, resulting 
in a 22% reduction in mass, an 11% reduction in 
deflection, and an expected 20-year operational 
lifespan. In research [39], a combination of 
Taguchi’s L16 array and the Moth-Flame 
Optimization algorithm was used to design 3D-
printed Polylactic Acid (PLA) blades and determine 
the infill and wind speed at which 100 W can be 
generated in low wind conditions with better 
structural strength than Acrylonitrile Butadiene 
Styrene (ABS). 

In research [40], Computational Fluid Dynamics 
(CFD) and a genetic algorithm were used to design 
a wind turbine blade with a length of 5.244 m, 
achieving a better lift-to-drag ratio and maximum 
Cp of 0.4658 at TSR 6 compared to the conventional 
NACA 4412. Research [41] examined the 
aerodynamics and structure of wind turbines and 
found that proper blade designs can enhance power 
by 35% while the adjustment of the inclination 
angle can increase power by up to 66%. 
Additionally, the use of a confusor–diffuser 
configuration increased local wind speed by 21% 
and contributed to improved overall performance. 
In research [42], ANSYS was used for structural 
topology optimization and applied to make MWT 
components more lightweight, durable, reliable and 
suitable for urban and off-grid applications with 
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reduced Levelized Cost of Energy (LCOE). All of 
these works collectively assert that micro wind 
turbine optimization is a multi-disciplinary problem 
which requires consideration of aerodynamics, 
materials science, structural mechanics and 
application of modern optimization algorithms to 
obtain the most appropriate solution that would 
enable micro wind turbines to work in different 
environments. 

The above literature provides the direction that 
the designed model should generate (the highest) 
optimal Coefficient of Power (Cp) at the respective 
(lower) tip speed ratio. The power and torque 
generated by the designed model should be higher 
at low wind speeds.  

Although many studies have been conducted to 
optimize wind turbines, few of them have been 
dedicated to the experimental and statistical 
optimization of micro wind turbines in low-wind 
environments, starting from 2 m/s with 0.4m blade 
length and high wind speed up to 22 m/s. This 
research fills this gap by adopting Taguchi design, 
Analysis of Variance (ANOVA), and Weighted Sum 
Model (WSM) for the multi-objective performance 
optimization. The goal was to find out the best 
combination of parameters that will give the 
highest power and efficiency. The research provides 
a clear and systematic method that can be easily 
replicated with the help of experimental 
confirmation tests. 

 

2. MATERIAL AND METHODS  
 

In this study, experimental design, statistical 
analysis and multi-criteria optimization are 
integrated to evaluate and improve the 
performance of MWT. A systematic approach based 
on Taguchi design of experiments, ANOVA and the 
WSM was used to systematically analyze the effect 
of the key design parameters and to identify the 
optimal configuration. 
 

2.1 Experimental Design 

 
The Taguchi method was used to study 

systematically the effect of key design parameters 
on the performance of an MWT. Using this method 
facilitates efficient experimental planning, in which 
it is possible to reduce the number of trials needed 
to a minimum while procuring statistically 
significant results. An investigation was carried out 
on three input parameters, namely the number of 
blades, the blade radius and the wind speed. 
Preliminary design considerations and practical 

applicability were used to assign four levels to each 
parameter. 

The Taguchi L16 (4³) orthogonal array, which 
accommodates three factors at four levels, allows 
only 16 experimental runs, and was used to 
structure the experimental design. Table 1 shows 
the parameters and their levels, and Table 2 shows 
the complete orthogonal array with factor 
assignments. 

Table 1. Control parameters and their levels 

Level 
Number of 

Blades 
Blade Radii 

(m) 
Wind Speed 

(m/s) 

1 3 0.20 3 

2 4 0.22 6 

3 5 0.24 9 

4 6 0.26 12 

 

Table 2. Taguchi L16 orthogonal array with assigned 

factor levels 

Experimen
t 

Number 
of Blades 

Blade 
Radii (m) 

Wind Speed 
(m/s) 

1 3 0.20 3 

2 3 0.22 6 

3 3 0.24 9 

4 3 0.26 12 

5 4 0.20 6 

6 4 0.22 3 

7 4 0.24 12 

8 4 0.26 9 

9 5 0.20 9 

10 5 0.22 12 

11 5 0.24 3 

12 5 0.26 6 

13 6 0.20 12 

14 6 0.22 9 

15 6 0.24 6 

16 6 0.26 3 

 
This orthogonal array allows for the 

determination of the significant factors and their 
levels that would require fewer experiments to 
conduct, and forms the basis of the subsequent 
ANOVA and WSM optimization. 

 

2.2 Statistical Analysis 

 
In this research, ANOVA was used to determine 

the statistical significance of each input parameter, 
number of blades, blade radius, and wind speed, on 
the output responses of the micro wind turbine, 
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power output and coefficient of performance. A 
linear model based on the experimental design 
generated through the Taguchi L16 orthogonal 
array was used in the ANOVA separately for both 
response variables. This method allowed 
decomposition of the total variation in the results 
into contributions from individual factors and 
experimental error. Each parameter was treated as 
a categorical variable with four levels, and the 
ANOVA was used to determine whether the levels 
of each parameter had statistically significant 
effects on the responses. The analysis of the results 
yielded the F values and p values, which were used 
to systematically evaluate the relative influence of 
input variables, which in turn supported the 
subsequent interpretation and optimization steps 
of the study.  

 

2.3 Optimization Methodology 

 
The WSM served as the multi-criteria decision-

making (MCDM) tool in this research to find the best 
micro wind turbine system configuration through 
multiple performance indicator analysis. The study 
measured power output together with the 
coefficient of performance to serve as the main 
response variables for energy generation and 
aerodynamic efficiency assessment. The 
experimental data from the Taguchi L16 orthogonal 
array underwent normalization before WSM 
implementation to make criteria with varying units 
and magnitudes comparable. The benefit-type 
normalization formula served to normalize the data 
as follows: 

 
𝑋𝑖𝑗

𝑛𝑜𝑟𝑚 =
𝑋𝑖𝑗

𝑋𝑗
𝑚𝑎𝑥  (1) 

where 𝑋𝑖𝑗 - is the value of the j-th criterion for the i-
th alternative, and 𝑋𝑗

𝑚𝑎𝑥  - is the maximum 

observed value of that criterion across all 
alternatives. The method transforms all values into 
a range from 0 to 1 while using 1 to indicate the 
most successful observed result. 

The work assigned unequal weights to represent 
different response importance levels. The 
evaluation system assigned a 0.35 weight value to 
power output but gave a 0.65 weight value to Cp to 
reflect the higher importance of efficiency 
compared to power generation. The WSM score 
calculation for each configuration depended on this 
mathematical expression: 

 𝑊𝑆𝑀𝑖 = 𝜔1 ∙ 𝑋𝑖1
𝑛𝑜𝑟𝑚 + 𝜔2 ∙ 𝑋𝑖2

𝑛𝑜𝑟𝑚 (2) 

where 𝑊𝑆𝑀𝑖  - is the overall score for the ith 
configuration, ω1 = 0.35  and ω2 = 0.65  are the 
weights for power and Cp, respectively, and 𝑋𝑖1

𝑛𝑜𝑟𝑚, 
𝑋𝑖2

𝑛𝑜𝑟𝑚  - are their corresponding normalized values.  
ω1 and ω2  values are decided based on the 
importance of each criterion relative to the others 
and experimental test results. The method 
generated a single composite score which 
combined the performance criteria with their 
specified priorities to enable comparison of 
experimental runs through ranking. The 
configuration achieving the highest WSM score 
became the optimal choice because it successfully 
balanced energy output with aerodynamic 
efficiency. 

The optimization procedure being considered 
follows a methodical flow that begins with the clear 
formulation of the problem and the design of the 
experiment based on the Taguchi approach. The 
next stages are the systematic experimentation and 
the processing of the received data, which will be 
followed by the evaluation of normalized output 
variables through the WSM and, ultimately, the 
choice and validation of the best configuration.  
Fig. 1 illustrates this entire workflow in a schematic 
manner. 

 

 
Fig. 1. Optimization process flowchart for performance 

enhancement of a micro wind turbine using Taguchi 
design and WSM 

 

2.4 Experimental Setup 

 
An experimental setup was designed to study 

the performance of an HAWT in a controlled wind 
environment. This setup, as shown in Fig. 2, consists 
of an axial-flow fan with a variable-frequency drive, 
a wind tunnel, the test turbine, and a set of real-
time monitoring equipment. The fan was placed at 
the inlet of the tunnel, providing a steady airflow 
that was adjustable in velocity between 3 m/s and 
12 m/s, thus providing uniform testing 
environments. 
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The HAWT was placed in the middle of the wind 
tunnel and oriented directly towards the air flowing 
in. The blade assemblies were 3D-printed in 
successive sets using thermoplastic polyurethane 
and with radii of 0.20 m, 0.22 m, 0.24 m, and  
0.26 m and were installed alongside blade 
configurations of 3, 4, 5, and 6 rotors. A KE-856A 
digital anemometer mounted at blade height 
provided wind speed measurements with less than 
3% error, and a DT-2234C non-contact rotational-
speed sensor provided the rotations per minute 
(RPM) of the turbine without a mechanical 
connection. At the same time, the electrical power 
generated was recorded by a precision power 
meter connected to the turbine output terminals. 

All instruments were connected to a data 
acquisition system to record wind speed, rotational 
speed and electrical power simultaneously. Such a 
combined architecture allowed accurate and 
repeatable measurement of turbine performance 
over a range of experimental conditions. 
 

 

Fig. 2. Schematic diagram of the experimental test setup 

2.5 3D Printed Blade Geometry 

 
The blades used in this study were made of 

thermoplastic polyurethane, a polymer that is 
highly appreciated due to its combination of 
flexibility, impact resistance, strength, elasticity and 
fatigue properties-the latter being especially 
relevant to dynamic applications like wind turbines. 
The radius values tested included 0.20 m, 0.22 m, 
0.24 m, and 0.26 m , which were a systematic 
sampling that was aimed at defining the effect of 
blade geometry on power and efficiency. 

Fig. 3(a) and 3(b) show the front and back sides 
of the 3-D-printed blades, respectively, which are 
systematically lengthened and intentionally 
aerodynamically shaped in each of the 
configurations. The blades have a tapered profile, a 
smooth leading edge and a widening mid-section, 
all intended to maximise lift generation and 
minimise form drag. Close dimensional control 

during manufacture was adhered to in order to 
maintain consistency in structural integrity and 
surface finish. The mounting base was designed in 
such a way that it fits perfectly with the hub of the 
turbine, thus making it easier to perform consistent 
testing at all radii. 

These geometrical decisions were specifically 
made to increase the capacity of the turbine to 
capture energy at low to moderate wind speeds and 
maintain mechanical reliability.  
  

                                  
a) Front side                         b) Back side 

Fig. 3. Front and back views of 3D-printed micro wind 

turbine blades with varying radii 
 

3. RESULTS AND DISCUSSION  
 

The results and discussion section provides 
detailed information about the experimental results 
using Taguchi design of experiments, ANOVA, and 
WSM optimization. 

 
3.1 Experimental Test Results 

 
Table 3 contains the experimental findings that 

provide a comprehensive analysis of the 
relationship between the number of blades, the 
blade radius, and wind speed on the output power 
and Cp of the micro wind turbine. The most 
significant factor affecting both the output 
responses is the wind speed. This is technically 
justified by the fundamental wind power equation 
as follows: 

 
P =  (

1

2
) ρAV3  (3) 

where are: P - is power, ρ - is air density, A - is the 
swept area, and V - is wind speed. This is because 
power varies with the cube of wind speed; as such, 
even minor improvements in wind velocity greatly 
improve power production. This is apparent from 
the comparison of Experiment 1, conducted at a low 
wind speed of 3 m/s with a power output of 0.40 W, 
and Experiment 4, conducted at a high wind speed 
of 12 m/s with a power output of 76.45 W, which 
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shows a considerable increase in power as shown in 
Fig. 4.  

Table 3. Experimental test results 

Expt. 
No. of 
Blades 

Blade 
Radii 
(m) 

Wind 
Speed 
(m/s) 

Power 
(W) 

Cp 

1 3 0.20 3 0.40 0.19 

2 3 0.22 6 6.64 0.33 

3 3 0.24 9 32.33 0.40 

4 3 0.26 12 76.45 0.34 

5 4 0.20 6 4.63 0.28 

6 4 0.22 3 0.59 0.24 

7 4 0.24 12 55.87 0.29 

8 4 0.26 9 41.61 0.44 

9 5 0.20 9 19.73 0.35 

10 5 0.22 12 47.45 0.29 

11 5 0.24 3 0.98 0.33 

12 5 0.26 6 13.00 0.46 

13 6 0.20 12 39.60 0.30 

14 6 0.22 9 28.56 0.42 

15 6 0.24 6 9.51 0.40 

16 6 0.26 3 1.31 0.37 

 

 
Fig. 4. Experimental Test Results 

 
Blade radius is the second most significant factor 

since it impacts the swept area of the turbine, which 
is the third important factor in the wind power 
formula. With the increase in the radius, the area 
that can be used to harness wind power also 
increases, thus increasing the power output. For 
example, at 6 m/s wind speed, Experiment 2 (blade 
radius 0.22 m) yields 6.64 W while Experiment 12 
(blade radius 0.26 m) yields 13.00 W; therefore, a 
slight increase in the radius results in a much higher 
energy yield. This also results in increased Cp values, 
which means improved aerodynamic performance 
of the turbine. 

The number of blades influences the 
performance of the turbine by having to balance 
between the torque produced and the amount of 
drag force acting on the blades. More blades usually 
mean more torque, which is advantageous at low 
rotational speeds of the wind turbine. But if there 
are too many blades, it causes more drag and hence 
the rotational speed will be affected in a negative 
way. From the data, it can be observed that turbines 
with 5 blades yield the best Cp at medium wind 
speed, particularly Experiment 12 with 5 blades, 
0.26 m radius, and 6 m/s wind speed, which has the 
highest Cp of 0.46. The 3-blade configurations, like 
in Experiment 4, on the other hand, produce high 
power at higher wind speeds, although the Cp 
values are slightly lower since the aerodynamics of 
the turbine are not fully optimal at such conditions.  

 
3.2 ANOVA Results 

 
The outcomes of the ANOVA analysis of both 

output parameters, namely power and Cp, are 
shown in Tables 4 and 5, respectively. These tables 
show the level of significance of the three 
independent variables: number of blades, blade 
radius, and wind speed on the performance of the 
micro wind turbine. 

 

Table 4. ANOVA Results for Power 

Source 
Sum of 
Squares 

df F-value p-value 

Blades 0.011380 3 15.97667 0.002884 

Radius 0.033121 3 46.49726 0.000151 

Wind 
Speed 

0.037034 3 51.99128 0.000110 

Residual 0.001425 6 – – 

 

In the case of power output, Table 4 indicates 
that out of all the independent variables, wind 
speed has the highest p-value of 0.000110 and F-
value of 51.99. This is in line with the theory 
because wind speed determines the amount of 
kinetic energy that can be harnessed according to 
the wind power formula, which is the cube of the 
wind speed. The wind power is directly proportional 
to the cube of the wind speed, and this is well 
illustrated in the experimental data, where the 
increase of the wind speed from 3 m/s to 12 m/s 
leads to an exponential increase in the output 
power. The second most significant factor is blade 
radius, with the p-value of 0.000151 and F-value of 
46.50, meaning that the bigger blade areas collect 
more wind energy to produce more power. The 
number of blades, though not as dominant as the 
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other parameters, is also statistically significant  
(p = 0.002884, F = 15.98), which means that the 
number of blades does play a role in the torque and 
rotor performance, especially at low to moderate 
wind speeds.  
 

Table 5. ANOVA Results for Coefficient of Performance 

(Cp) 

Source 
Sum of 
Squares 

df F-value p-value 

Blades 0.011380 3 15.97667 0.002884 

Radius 0.033121 3 46.49726 0.000151 

Wind 
Speed 

0.037034 3 51.99128 0.000110 

Residual 0.001425 6 – – 

 

As for the coefficient of performance, Table 5 
shows the same trend as well. Again, the wind 
speed is found to be the most significant factor with 
the probability level of 0.000110 and F-statistic of 
51.99, followed by blade radius with probability 
level of 0.000151 and F-statistic of 46.50, and the 
number of blades with probability level of 0.002884 
and F-statistic of 15.98. The Cp is a non-dimensional 
parameter which indicates the ability of the turbine 
to transform the wind energy into mechanical 
power. The significantly higher F-values and lower 
p-values of wind speed and blade radius support 
their predominance in aerodynamic efficiency and 
the significance of blade count in the reduction of 
losses and achieving the blade-tip speed ratio.  

 
3.3 Optimization Results 

 
Table 6 shows the optimization of the MWTS by 

using WSM, which compares the power output and 
Cp to determine the best configuration of the 16 
trials. The results indicate that Experiment 4 with 
the turbine having 3 blades, a blade radius of  
0.26 m and a wind speed of 12 m/s has the highest 
WSM score and is ranked first. This configuration 
produces the maximum power of 76.45 W and Cp of 
0.34 which is a good balance between mechanical 
power and aerodynamics as sown in  
Fig. 5. This configuration is dominant on the 
grounds of the wind power equation which states 
that power is a function of the cube of the wind 
velocity and square of the blade radius, meaning 
that high velocity of wind and larger swept area 
greatly improves performance. 

 

 

Table 6. Optimization results using the Weighted Sum 

Method 

 Expt. 
Power 

(W) 
 Cp  P norm  Cp norm 

   WSM  
score 

 Rank 

1 0.40 0.19 0.19 0.32 0.27 16 

2 6.64 0.33 0.33 0.56 0.48 11 

3 32.33 0.40 0.40 0.67 0.58 6 

4 76.45 0.34 0.34 0.57 0.49 1 

5 4.63 0.28 0.28 0.47 0.40 12 

6 0.59 0.24 0.24 0.40 0.34 15 

7 55.87 0.29 0.29 0.49 0.42 2 

8 41.61 0.44 0.44 0.74 0.63 4 

9 19.73 0.35 0.35 0.59 0.51 8 

10 47.45 0.29 0.29 0.50 0.43 3 

11 0.98 0.33 0.33 0.55 0.47 14 

12 13.00 0.46 0.46 0.78 0.67 9 

13 39.60 0.30 0.30 0.50 0.43 5 

14 28.56 0.42 0.42 0.71 0.61 7 

15 9.51 0.40 0.40 0.67 0.57 10 

16 1.31 0.37 0.37 0.63 0.54 13 

 
Experiment 8 is the second-ranked experiment, 

which uses 4 blades with a 0.26 m radius at 9 m/s 
wind speed. Although the power output in this case 
is lower than in Experiment 4, its Cp of 0.44 is 
excellent for energy conversion efficiency under 
moderate wind conditions. Experiment 14, which is 
the third, uses 6 blades with a 0.22 m radius and a 
wind speed of 9 m/s to achieve both competitive 
power and Cp of 0.42. These results show that while 
high wind speed is an important driver of power 
output, the number of blades and blade geometry 
are important in maximizing efficiency. 

The configurations ranked lower, like 
Experiments 1, 5, and 6, have a low wind speed and 
small blade radius, and therefore, low energy 
capture and Cp. For instance, Experiment 1 is 
ranked as the lowest with a 3-blade system at 0.2 m 
radius, 3m/s velocity and generating only 0.40 W of 
power with a Cp of 0.19. These results confirm the 
fact that there is a need for adequate wind power 
input and proper sizing of the rotor in order to 
achieve the best results in the performance of the 
turbine.  
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Fig. 5. Optimization of the MWTS by using WSM 

 
3.4 Confirmation of Optimal Configuration 

 
The confirmation test results provided in Table 7 

confirm the optimal configuration obtained during 
the Taguchi-WSM optimization, which includes the 
number of blades of 3, blade radius of 0.26 m and 
blade speed of 12 m/s. These three consecutive 
trials under these conditions were 76.12 W,  
75.88 W, and 76.45 W for the power output, and 
0.342, 0.339, and 0.345 for Cp, respectively. The 
average power output of the trials was 76.15 W 
with a standard deviation of 0.29 W, which shows 
that the energy produced is quite consistent across 
the trials. Likewise, the mean coefficient of 
performance was calculated to be 0.342 with the 
standard deviation of 0.003, which further ensured 
the consistency and reliability of the aerodynamic 
efficiency at these settings. 

Table 7. Confirmation Test Results for Optimal 

Configuration 

 
Expt. 

No. of 
Blades 

Blade 
Radii 
(m) 

Wind 
Speed 
(m/s) 

Power 
Output 

(W) 

 
Cp 

1 3 0.26 12 76.12 0.342 

2 3 0.26 12 75.88 0.339 

3 3 0.26 12 76.45 0.345 

 

Compared to the results obtained in Experiment 
4 of the initial experimental design, where the 
power output was recorded to be 76.38447 W and 
the Cp of 0.34, the confirmation test results are 
similar. The variations in the output values are quite 
small, which is in the range of variability that is 
expected from experiments, thus supporting the 
validity of the optimization process. The minimal 
deviations also imply that the experimental setup is 
reliable and the identified configuration yields 
similar results when the experiment is repeated. 

 
 

4. CONCLUSION  
 

This research provided a comprehensive analysis 
of the performance evaluation and optimization of 
MWT through experimental techniques and tools in 
statistics and decision-making. The goal of this 
study was to establish the effect of the number of 
blades, the radius of the blades and the wind speed 
on the power output of the turbine and its 
coefficient of performance and to identify the most 
effective configuration of the turbine in terms of 
energy capture and aerodynamic efficiency. The 
experimental design adopted was the Taguchi L16 
orthogonal array, and the results were analyzed 
using ANOVA to test the parameters for significance 
and WSM for the multi-objective optimization. 
The key conclusions drawn from this study are: 
▪ Wind speed was considered the most critical 

factor influencing both the power and Cp 
because of its cubed impact on energy 
production. 

▪ Blade radius was the second most significant 
factor that affected the swept area and 
consequently the amount of energy that can be 
harnessed from the wind. 

▪ The number of blades was also found to have a 
statistically significant but relatively less impact, 
which impacted the torque and rotational speed 
due to the wind speed. 

▪ Accordingly, it was found from WSM analysis 
with non-equal weights (power: 0.35, Cp: 0.65) 
that the optimum configuration is 3 blades,  
0.26 m blade radius, and 12 m/s wind speed. 

▪ The confirmation test carried out in an optimal 
environment proved to have a high level of 
consistency, thereby confirming the reliability of 
the identified configuration. 
Wind speed determines how much energy is 

available in the wind; even a small increase in wind 
speed gives a huge rise in energy output, while the 
number of blades only determines how efficiently 
that energy is captured. Therefore, wind speed is 
the most significant factor, and the number of 
blades is the least. 

Further research should be done to incorporate 
other factors, such as the pitch angle of the blade, 
the shape of the blade, and the yaw angle, into the 
optimization model. The integration of 
computational fluid dynamics modelling could help 
in understanding the aerodynamics and the flow 
field in a much better way. Besides, the assessment 
under the real wind conditions and considering the 
synergies of a hybrid optimization approach might 
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improve the applicability of MWTs in decentralised 
systems, especially for rural and off-grid areas. 
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