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Abstract: 
The study concerns the design and simulation of a small three-blade wind turbine. Given the results that have 
achieved, it has been possible to estimate approximately the cost of producing such a wind turbine to be used 
in particular regions because of their isolation and that they may be accessible to a large number of people 
whose need is felt, such as in the Sahel. This is why, and in the face of such concerns, we have been led to 
retain the NACA 2414 profile as the most appropriate choice, and which has been the subject of a systematic 
characterization in order to define the practical modalities for its application experimental realization. Similarly, 
it was considered useful to analyze the effect of the nature of the material used on the intrinsic properties of 
wind turbines, in particular the mechanical properties using Solid Works (SW) software that have a direct 
impact on the proper functioning of wind turbines, and analyze the effect of wind speed and blade diameter on 
wind energy. 
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I. Introduction 

After recent developments towards the race for re-
newable energies because of the problems of pollu-
tion and scarcity of fossil fuels, the choice of a global 
strategy for energy consumption has become impera-
tive. In Algeria, the problem is crucial since the coun-
try is a producer of fossil energy whose reserves are 
starting to dwindle while the energy needs to increase 
more and more particularly because of population 
growth. However, our country has great advantages 

in terms of natural resources that can be exploited to 
rationalize energy consumption [1-6]. The quantity 
and quality of energy produced by the wind turbine 
depends on several factors, including natural factors 
such as wind speed; industrial factors, such as the 
diameter and shape of the blades, as well as the ma-
terials for their manufacture. In this context the ener-
gy supply by wind is considerable, especially in the 
Sahel where the presence of wind is virtually higher 
compared to other regions. In this work, our concern 
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has been above all the formulation and design of a 
blade whose attributes must meet specific require-
ments and this by using the software SW [7, 8]. De-
spite the few bibliographic references that can clear 
the ground for the realization of wind turbine of good 
quality, We were able to simulate a workable, afford-
able profile that provides small wind turbines with the 
needs of an isolated and destitute population by all 
means to meet their energy needs [4-6, 9]. For more 
details, we would like to remind you that the simula-
tion work was done using Matlab and Solid Works 
software. The definition of the NACA 2414 profile that 
we followed and on which our choice was made was 
the subject of a systematic characterization in order 
to define the practical modalities for its experimental 
realization [9-13]. Similarly, it was considered useful 
to analyze the effect of different types of materials by 
Solid Works (SW) (Copper alloy, Iron, Steel, Wood, 
Cobalt, Silicon and Plastic) to complete this study. 
Finally, we compared the mechanical properties of 
different types of materials (Elastic modulus, Pois-
son’s ratio, shears modulus, density, tensile strength, 
compressive strength, yield strength, coefficient of 
thermal expansion and thermal conductivity), and 
sought the compromises to be retained for their reali-
zation [5, 9, 14-17]. Finally, we studied the effect of 
wind speed and blade diameter on wind energy. 
 
 
THE PROFILE OF A BLADE OF NACA 2414 TYPES 
Blades are a very important part of a wind turbine, so 
a choice of profiles is essential for the proper func-
tioning of a wind turbine. This choice is determined by 
the aerodynamic shape of the blades that must meet 
specific needs. For example, the profile NACA 2414 is 
the profile that we chose to define the physical char-
acteristics of the blade and the practical methods for 
experimental realization. 
NACA 4-digit airfoil specification and calculation 
The NACA four-digit wing sections define the profile 
e.g., NACA 2414, as follows [3, 18]: 
NACA MPXX  
e.g. 
NACA 2414  
Example: 
* M=2 so the camber is 0.02 or 2% of the chord. 
* P=4 so the maximum camber is at 0.4 or 40% of the 
chord. 
* XX=14 so the thickness is 0.14 or 14% of the chord. 

Where:  
M   First digit describing maximum camber as per-
centage of the chord. 
P     Second digit describing the position of the maxi-
mum camber divided by 10. 
XX   Last two digits describing maximum thickness of 
the airfoil as percent of the chord [3]. 
Equation for a cambered 4-digit NACA airfoil 
The formula used to calculate the mean camber line is 
[19]: 
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For the shape of the upper and lower surfaces, for 
this cambered airfoil,  thickness must be applied per-
pendicularly to the camber line, the coordinates (xu, 
yu) and (xL, yL), are calculated with the following 
equations [20]: 
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Simulation of NACA 2414 profile in 2D 
In figures bellow, we have represented the profile of 
NACA 2414 type blade in 2D with the Matlab and Sol-
id Works programs. 
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Fig. 1.NACA 2414 profile. 

Simulation of NACA 2414 profile In3D 
Amongst the different types of profiles, we have cho-
sen for the purposes of our 3D study with Solid Works 
(SW) the following type of profile: NACA 2414. In Fig. 
2, we can easily distinguish the difference between 2D 
profile and 3D profile. We also note the front profile 
and the top view of the blade of a wind turbine. 

 
Fig. 2.Profile NACA 2414 in 3D. 

The profile plays a key role in the operation of a wind 
turbine because the distribution of air-intrados and 
air-extrados forces give each profile its characteristic 
behavior during operation. In addition to the profile, 
the nature of the material plays an important role in 
the manufacture of the blade, especially with regard 
to the future performance of the blade. Materials 
used to manufacture the blades do not encounter 
aerodynamic difficulties but rather difficulties in con-
struction and material strength. 
TYPES OF METALS AND THEIR PROPERTIES 
Most large wind turbine blades are made of compo-
site materials that are both lightweight and strong. 
The longer the length of the blade, the greater the 

resistance of the materials needed to manufacture it, 
as well as the resistance to corrosion for offshore 
wind turbines. This composite material is a mixture of 
fiberglass, carbon fiber, polyester resin, and epoxy 
resin. As for the blades of small wind turbines, they 
can be made from less expensive materials, such as 
plywood, aluminum, or fiberglass. These materials are 
usually characterized by three properties: physical 
and chemical properties, electrical properties, and 
mechanical properties. In the following, we focus on 
the mechanical properties of materials for small wind 
turbine blades, which is the behavior of these materi-
als under the action of external forces called loads. 
The mechanical properties include elasticity, plastici-
ty, ductility, malleability, hardness, toughness, brittle-
ness, tenacity, fatigue, fatigue resistance, impact re-
sistance, machineability, strength, strain energy, resil-
ience, proof resilience, modulus of resilience, creep, 
rupture, and modulus of toughness. In addition to 
some physical properties, we’ve put together some 
metals that we have studied and how they’re used, 
such as: iron, cobalt, silicon, plastic (ABS), copper al-
loy, steel, and wood.  

 
Fig. 3. Some metals used. 

Different types of materials used 
To do this, we chose seven materials. These materials 
are: an Alloy of Copper, Iron, Steel, Wood, Cobalt, 
Silicon as Plastic. These materials were chosen in or-
der to compare between these different types of ma-
terials and their mechanical properties (Elastic modu-
lus, Poisson’s ratio, shears modulus, density, tensile 
strength, yield strength, coefficient of thermal expan-
sion and thermal conductivity) and the compromises 
to be retained with a view to achieving them. 
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Fig. 4.1. Iron 

 
Fig. 4.2. Cobalt 

 
Fig. 4.3. Silicon 

 
Fig. 4.4. Plastic 

 
Fig. 4.5. Alloy of copper 

 
Fig. 4.6. Steel 
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Fig. 4.7. Wood 
Fig. 4. Different types of materials 
Mechanical and Physical Characteristics of Materials 
and Choice of Material  
Inasmuch as wind turbines are concerned, and in 
terms of renewable energy and avionics, the profile of 
the blades is crucial. This profile remains conditional 
on the nature of the materials used for specific pur-
poses which must take into account temperature, 
pressure and size of the mechanical pressures govern-
ing the operation of the wind turbine or aircraft en-
gine. In other words, choosing must be based on the 
right material (each time)as well as the necessary 
compromise between the different mechanical prop-
erties to get the best performance and the most in-
teresting value for money.  
 

Table 1.Mechanical characteristics of a copper alloy 
and some metals. 
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In the table above, the physical and mechanical char-
acteristics of different types of materials are collected 
in order to produce a reliable blade model with a fair-
ly high yield at a reasonable cost. An examination of 
this table makes it possible to note that the mechani-
cal and physical properties of materials differ from 
one material to another, as we find that the maxi-
mum values for the modulus of elasticity, modulus of 
shear, and tensile strength are in plastic and the den-
sity in cobalt, while the coefficient of thermal expan-
sion and thermal conductivity are found in copper 
alloy. As for the lower values, the modulus of elastici-
ty and the modulus of shear were in silicon and wood, 
while density and compressive strength were in 
wood. By looking at the minimum values of the modu-
lus of elasticity, shear modulus, density, yield 
strength, and thermal conductivity, we find that wood 
is the preferred material to achieve the blade model 
among the materials studied in the table, due to its 
simplicity, ease of work, lightness, and good re-
sistance. 
ENERGY ESTIMATE 
Variation of wind speed in Constantine  
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Depending on the geography, wind speed fluctuates 
year-round. Fig. 5 is the curve illustrating the variation 
in monthly average wind speeds. 

 
Fig. 5. Variation of the average wind speed according 

to the months 
From this figure, it can be seen that the speed varies 
significantly from month to month. We note that the 
wind speed is very high at the end of winter and 
reaches a maximum value of 3.7 m/s in February. On 
the other hand, it is minimal (2.5 m/s) in autumn, 
especially in September. 
Relationship between Power and Wind Speed 
The power of the swept surface wind system S= πR2 
and the wind speed are given by the Betz theory [21]: 
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(6)

 where  
V     Wind speed, m/s 
R     Blade radius, m 
Cp   Operating efficiency factor,  

      Density of air at sea level, which is about 1.2 kg/ 
m3 
 
We choose a wind turbine with a three-bladed hori-
zontal axis and a diameter of 3 m. for different mean 
speed values V. Since there is a three-bladed wind 
turbine: 
0.40 ≤ Cp ≤ 0.48 
It was agreed to take value Cp = 0.44 as well as the 
corresponding specific speed λ = 6. 

 
Fig. 6. Power variation as a function of a wind speed 
The analysis of the results in Fig. 6 shows that the 
production capacity depends on the wind speed and 
is proportional to the mean of the cube of the wind 
speed. 
Relationship between Power and Blade Radius 
The following figure (Fig. 7) shows the relationship 
between the mechanical power supplied by the wind 
turbine as a function of the average wind speed, pa-
rameterized by the radius of the blades of the wind 
turbine. This figure allows you to estimate the radius 
of the wind turbine blades for the requested power 
and average wind speed at the site in question. 

 
Fig. 7. Power variation as a function of a wind speed 

for different radius 
A circle's area is determined by the formula πR2, 
hence the amount of energy recovered as the wind 
goes through the rotor is proportional to its area. As 
can be seen from the graphic, power increases expo-
nentially as the blades' radius increases. 
This analysis came to the conclusion that since the 
wind is what turns the wind turbine, wind speed is 
undoubtedly the primary factor in the power law. 
However, due to the fact that the wind speed is cubed 
in this rule, its impact is considerably higher than that 
of the other elements. The value of the electricity 
produced therefore increases by 30% for every 10% 
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increase in speed. As a result, it is important to under-
stand and be able to characterize the wind speed at a 
given location. 
CONCLUSIONS 
In this work, we started by profiling NACA 2414 using 
Solid Works (SW) software and Matlab. A structured 
description of the profile that led to our selection was 
used to identify practical modalities for their empirical 
realization. An analysis of the effect of the nature of 
the materials used showed its direct impact on the 
intrinsic properties of wind turbines, especially their 
mechanical properties, and thus on the proper per-
formance of wind turbines. Among the materials stud-
ied, we found wood to be the preferred material for 
achieving the blade model. However, it should be 
noted that this specification mainly concerns domes-
tic blades.The material chosen for a wind turbine 
blade has a profound impact on its performance, 
lifespan, and cost. Utilizing SolidWorks, engineers can 
explore the potential of different materials, optimize 
blade designs, and ultimately contribute to the ad-
vancement of clean energy through efficient wind 
power generation. As material science continues to 
evolve, SolidWorks will undoubtedly remain a power-
ful tool for pushing the boundaries of wind turbine 
technology. 
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