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A B S T R A C T  
 

Since the renewable resources of energy have become extremely important, especially wind energy, scientists 
have begun to modify the design of the wind turbine components, mainly rotor blades. Aerodynamic design 
considered a major research field related to power production of a small horizontal wind turbine, especially in 
low wind speed locations. This study displays an approach to the selection of airfoil and blade design utilized 
in small horizontal wind turbines with low cut-in speed and with no gear box. Modeling of the flow depends 
on Computational Fluid Dynamics (CFD) and theory of Blade Element Momentum (BEM) methodologies. 
QBlade used (BEM) for wind turbine simulation and integrated with XFOIL for airfoils design to ensure the 
requested characteristics for wind turbine performance. MATLAB is used to calculate the final design 
parameters to be modeled in SOLIDWORK. The flow dynamics are explored with the aid of ANSYS Fluent 
16. The application of specially designed blades grants start up at lower wind speeds. The designed blade is 
fabricated from polyurethane foam. Experimental study confirmed that, at low average wind velocity (4 m/s), 
the fabricated small-scale horizontal wind turbines are considered to be a positive way to supply electricity 
with an average power rate of 9 watt and efficiency of 8 %. 

1. INTRODUCTION1 

Energy sources are grouped into non-renewable and 
renewable, which includes wind energy. The expense of wind 
power is much lower than that of other renewable sources. 
Accordingly, as the most encouraging power source, wind 
power is accepted to assume a basic job in power supply and 
must be investigated [1]. Wind turbine goes through several 
developments and modifications. Therefore, wind turbines 
could operate at low wind speeds on a small scale and are 
adjusted for special applications. 
   Nowadays, small-scale horizontal axis wind turbines are 
receiving great attention and promising output, especially in 
the developing countries and remote areas, where the 
electrical framework is inaccessible. In this regard, the classic 
three-bladed horizontal axis wind turbine is the preferred 
choice [2]. 
   Egypt has shown a great ambition about the development of 
renewable energy resources since 1986. Records in 2016 show 
that 3 % of electricity has been generated out of renewable 
resources such as wind and solar. The Egyptian New & 
Renewable Energy policy aims to raise the portion of 
electricity generated from wind to 2.5 % by 2022. The high-
share percentage of wind power will be satisfied by large and 
small wind turbines [3]-[5]. It has been found that advances in 
blade aerodynamics design may contribute to an increase in 
the energy income of wind turbines. Records on wind 
directions and speeds for the planned site location of turbine 
establishment are significant issues for a precise investigation 
of a wind turbine performance. The site location of this study 
is selected in Ismailia (30.35o N, 32.16o E), Egypt with an 
average wind speed of 4 m/s. 
                                                           
*Corresponding Author’s Email: tamer_mtc@yahoo.com (T. Nabil) 

2. LITERATURE REVIEW 

Many scientists have investigated the horizontal axis wind 
turbines to prove that the performance of upwind turbines is 
higher than the downwind ones [6]. Airfoil and blade 
aerodynamic design is considered as the key to the wind 
turbine performance. Several codes appeared to enhance these 
designs such as XFOIL, PROFOIL, and Eppler [7]. The blade 
with a high power coefficient and a ratio of lift to drag is 
favored. In the simulation process, k-ω SST (shear stress 
transport) is considered as a promising turbulence model. 
Costa Rocha et al. [8] used the k-ω SST turbulence model for 
a small wind turbine to compare symmetric and cambered 
airfoils. They designed two sets of blades for a small-scale 
wind turbine. The first with an NACA 0012 airfoil 
(symmetrical) and the other with an NACA 4412 airfoil 
(cambered). As expected, the turbine designed with the 
NACA 4412 airfoil yielded the highest Cp values. This fact 
brings the NACA 4412 blades closer to the assumptions of the 
BEM model, which usually discards the drag effects. It was 
found that β* values suggested above by the k-ω SST 
turbulence model were more appropriate. The k-ω SST 
turbulence model showed itself to be suitable for the 
numerical simulation of small-scale wind turbines. 
   There are several techniques to design the blades and 
evaluate the performance; however, the Blade Element 
Momentum theory is the favorable one. Bai et al. [9] showed 
that the BEM theory was very successful in HAWT blade 
design. The modification factor and models were also 
combined into the BEM theory to predict the blade 
performance, and there is a good comparison of torque and 
thrust in each section between the improved BEM theory and 
numerical simulation. The detailed flow fields were also 
investigated based on the fully 3D CFD simulations by means 
of the commercial code Fluent and the k-ω SST turbulence 
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model, and also showed that the Fluent package could be used 
to calculate the performance of an HAWT blade. 
   Several parameters must be calculated to evaluate the blade 
performance such as power coefficient, lift-to-drag ratio, 
number of blades, angle of attack, tip speed ratio, and wind 
speed. Chaudhary and Roy [10] found that the maximum 
power coefficient was obtained for solidity in the range of 3 % 
to 12 % for blades 3, 5, and 7. The Rotor performance is 
optimum if the pitch angle is in between 0o to 3o. If the blade 
number is increased from 3 to 7, then power coefficient values 
increase up to 10 %. If blade number changes from 3 to 5, 
then the annual energy production is increased to 8 %; 
however, if it changes from 5 to 7, then the annual energy 
production is reduced by 4 %. Electrically rated power 
produced by 5-bladed wind turbines is 10 % and 8 % more 
than those by 3-bladed and 7-bladed wind turbines, 
respectively, corresponding to a rated wind speed of 8 m/s. 
   The Computational Fluid Dynamics (CFD) technique 
produces promising results regarding the blade performance 
[11]. Juliyana et al. [12] used ANSYS CFD software, and 
showed that the blade with a constant angle of attack was 
analyzed throughout the length to find a blade with a 
maximum L/D ratio. This was done for the angle of attack 
ranging from 3° to 10°, and it was found that a blade with 4° 
angle of attack had the maximum L/D ratio, leading to an 
increase in the efficiency. The two-dimensional model of 
NACA4420 aero-foil was created in Solid Works, and the 
blades were analyzed in 4 sections. 
   Meng-Hsien Lee et al. [13] has researched in experiments 
and numerical simulations of the rotor-blade performance for 
a small-scale HAWT to investigate the aerodynamic 
performances of the BEMT-blade rotor and the Baseline-blade 
rotor used in a HAWT system. They found that the flow fully 
attaches to the entire BEMT-blade without separation, while 
the flow attachment covers only a partial region above the 76 
% span of the Baseline blade. Thus, a difference between the 
resulting torque values and their optimal power coefficients 
can be observed. Prasad and Vardhan [14] noticed that all the 
blades were capable to bear the maximum loading value when 
applied at the root section and the blades would fail at a lower 
magnitude of loading. 
   BEM theory does not consider the turbulence effects. 
Therefore, the values of power coefficient in QBlade analysis 
results are higher than those of CFD analysis results. 
   Koc et al. [15] concluded that the blade of a 2 m wind 
turbine had NACA4412 airfoil, which was modeled on Fluent 
with SST k-w and Qblade. Maximum torque was obtained as 
31 N.m in Qblade and 28 N.m in Fluent. The maximum power 
coefficient value was obtained as 0.48 in Qblade and 0.45 in 
Fluent. 
   Ali et al. [16] investigated the winglet effect on the 
aerodynamic performance of the wind turbine blade used for a 
domestic-scale wind generator. The results indicated an 
increase in the lift-to-drag ratio with the upwind winglet by 
around 26 % compared to a straight blade with no winglet, 
whereas the downwind winglet resulted in a decrease in the 
lift-to-drag ratio about 27 %. Additionally, the yaw angle of 
the turbine blade plays an important role in ensuring better 
aerodynamic performance. The results indicate that the 
maximum aerodynamic performance can be achieved between 
0o and – 30o yaw angle. 
   There are several researchers who have investigated, 
modified, and optimized the aerodynamic performance of 
small wind turbines based on the blade design taking into 

consideration several aspects such as low wind speed, 
numerical assumptions and calculations, simulation 
techniques, and manufacturing processes [17-22]. 
   Considering the results of the aforementioned previous 
studies and the suffering of the world in general and Egypt in 
particular, or remote areas, energy should be used from any 
related resources, even if the extracted amount of energy is 
weak. This paper designed and fabricated small horizontal 
axis wind turbine blades in low wind speed locations despite 
the expectation of low-scale energy extracted from them. 
 
3. AIRFOIL DESIGN AND SELECTION 

The lift and drag forces arise from the motion of an airfoil-
shaped body in a fluid and characterize the blade performance 
[2]. Optimal lift can be obtained by angle of attack and airfoil 
shape adaptation. Various standard airfoils are available 
through which the small horizontal axis wind turbine blade 
profiles can be developed. Aerodynamic concepts associated 
with the selected airfoils need to be investigated. 
   Aerodynamic behavior, low weight, and structural reliability 
of the blade affect the process of selecting proper airfoils. The 
best airfoil is carefully selected from an initial group of eight 
airfoils, which were carefully chosen according to surveys, 
site wind conditions, required power, and applications. Since 
the scheduled wind turbine site was at its low Reynolds 
number location, the simulation analysis was performed by 
XFOIL software. The considered eight airfoils include [23] 
Bergey BW-3 (smoothed), E387, NACA 64 (3)-418, NREL’s 
S809, S7012 (8.75 %), SD2030-086-88, SD7062 (14 %), and 
SG6043. Based on numerical calculations, the obtained 
maximum Mach number is 0.2 due to low wind speeds. The 
critical amplification ratio "Ncrit" of the free transition criterion 
value was 9. The angle of attack ranged between -5 and 25 
degrees. 
   Inviscid flow can be simulated in XFOIL by using the 
integration of steady Euler equations [24]. Airfoils were 
simulated on XFOIL at different Reynolds numbers 4*105, 
4.5*105, and 5*105; from the obtained data, the values of the 
lift, drag, and lift to drag coefficients were calculated at 
different angles of attack, as shown in Figures 1, 2, and 3. 
 
 

 

Figure 1. Lift coefficient-angle of attack relations for different 
airfoils at Re=5*105. 
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Figure 2. Drag coefficient-angle of attack relations for different 
airfoils at Re=5*105. 

 
For all the selected airfoils of small horizontal wind turbine 
blades, as the angle of attack increases, the lift coefficient 
increases till certain angle changes; according to the airfoil 
shape, the lift coefficient starts to decrease due to flow 
separation at this angle. The airfoil SG6043 has the highest lift 
coefficient and the flow separation occurs at the angle of 
attack 15o. 
   At low wind speeds, the power must be obtained at a high 
angle of attack. At these high angles, it is challenging to 
produce sufficient lift to turn the blades and the turbine 
operates at low performance due to laminar separation [25]. 
   The airfoil SG6043 has the least drag coefficient for the 
working range of the angles of attack. Lift coefficient and 
drag coefficient curves are very close in the first range of the 
angles of attack; however, they have become obviously 
different in the range where the attack angle is behind the stall 
angle. Figure 2 shows that, after the stall angle, the drag 
coefficient sharply increases. The angle of attack at the stall 
point has different values due to different shapes of the 
airfoils. 
   The observed laminar separation results in low efficiency 
due to an increase in the drag, a decrease in the lift, and a 
change in the effective airfoil shape. This separation must be 
recognized and diminished in the airfoil design, especially at 
low wind speeds [26]. 
 
 

 

Figure 3. Lift coefficient-drag coefficient relations for different 
airfoils at Re=5*105. 

Figures 1, 2, 3 show that SG6043 airfoil has the best 
performance for almost all the working range of angles of 
attack; therefore, it is selected for building the studied model. 
The selected airfoil may not have the lowest Cd, yet has high 
enough Cl to compensate for this disadvantage and give the 
highest Cl/Cd ratio. A greater lift-to-drag ratio is considered 
one of the most aims in the design. The aerodynamic shape of 
the SG6043 airfoil is shown in Figure 4, which exhibits a 
gradual stall. 

 

 
Figure 4. Cross section of airfoils SG6043 with span ratio. 

 
   SG6043 airfoil data are inserted into QBlade to obtain its 
pressure distribution and boundary layers conditions. 
   For the selected airfoil SG6043, Figure 5 shows the 
variation of the ratio of lift coefficient to drag coefficient with 
the angle of attack. The maximum ratio satisfied at 4o angle of 
attack indicates that the lift is highly attained compared to 
drag, which is desirable in the design of a small wind turbine. 
The rotor torque and power generation are affected by the lift-
to-drag ratio, especially at low wind speed. 
 

 
Figure 5. Ratio of lift coefficient to drag coefficient vs angle of 

attack relation at Re=5*105. 
 
   The aerodynamic performance of the Airfoil SG6043 is 
shown clearly in Figure 6, [26]. Figure 6 shows the drag polar 
(Cl vs Cd) and the relations among Cl, Cd, Cm, and Cl/Cd with 
the angle of attack in the range of -5 to 15 degree at different 
Reynolds numbers. All behaviors of SG6043 at different 
Reynolds numbers are in agreement; hence, at low wind 
speeds, the small variation of Reynolds number has no 
significant effect on the aerodynamic behaviors. 
   Figures 7a and 8a show the upper and lower surface 
pressure distribution of the airfoil and the resultant pressure 
force is changed according to the angle of attack. The lift 
force is produced at the leading area of the airfoil, because the 
pressure difference is greater than the trailing area. 

X-Scale= 0.6 
Y-Scale= 0.6 
x= 0.1429 
y= 0.0177 

---SG6043 
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Figures 7b and 8b show that, at low Reynolds number, the 
flow is separated at the leading area of the airfoil and alters 
from the lower surface to the upper surface of the airfoil as the 
angle of attack changes. The separated flow is recombined 
distant away from the trailing edge of the airfoil. This flow 
separation decreases the aerodynamic performance and the 
extracted power from the wind turbine [27]. 
 
4. METHODOLOGY AND BLADE DESIGN ALGORITHM 

This research presents the design of the rotor blade 
performance for a small horizontal wind turbine at low 
operating wind speed based on blade element momentum 
theory (BEM). In this study, airfoil SG 6043 was selected by 
means of XFOIL software, considering the lift and drag 

coefficients as reference parameters on the selected airfoils. 
The study was conducted for a variable chord with blade 
number 3 and a rotor radius of 1.25 m. The pitch angle varied 
from -5o to 25o. These values of blades’ geometrical 
parameters generated in MATLAB are exported to Qblade 
software, producing results in terms of power coefficient, 
thrust coefficient, and torque coefficient curves with a tip 
speed ratio. The obtained results from Qblade must be verified 
numerically through computational fluid dynamic software 
and experimentally. The final design parameters modeled in 
SOLIDWORK are obtained by means of MATLAB. Figure 9 
is a flowchart that shows the sequence of blade design 
methodology and the used algorithm. 
 

 

 
(a) Cl vs Cd 

  
(b) Cl vs Alpha (c) Cd vs Alpha 

  
(d) Cm vs Alpha (e) Cl / Cd vs Alpha 

Figure 6. Airfoil SG6043 characteristics with Re= 4*105, Re= 4.5*105 and Re= 5*105. 
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(a) Pressure vector 

 
(b) Boundary layers 

Figure 7. Flow visualization around airfoil at α=-5o and Re=4*105. 
 
 

 
(a) Pressure vector 

 
(b) Boundary layers 

Figure 8. Flow visualization around airfoil at α=15o and Re=4*105. 
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Figure 9. Flow diagram of the Iteration process and methodology for blade design algorithm. 

 
5. MATHEMATICAL MODELING OF BLADE DESIGN 

Blade Element Momentum (BEM) theory is a combination of 
blade element theory and momentum theory, corresponding to 
rotor geometry and rotor performance [10]. 
   Blade element theory determines the performance of the 
blade by integrating the flow at each divided element of the 
blade along the span [28]. 

CP =
P

1
2
ρAU3

= 4a(1− a)2 (1) 

where Cp is the power coefficient, P is power, ρ is the air 
density, A is the swept area of rotor, U is the wind velocity, 
and a is the axial induction factor. CP,max=0.5926 at a =1/3, 
[29]. 
   The local tip speed ratio, λr, for each blade element is 
calculated by: 

λr =
Ωr
U =

λr
R = �

a(1 − a)
a′(1 − a′)�

1
2

 (2) 

where Ω is the rotor angular velocity, a' is the tangential 
induction factor, r is the radius of blade element, and R is the 
blade tip radius. 

Φ = α + θp (3) 
 
θp = θT + θp,o (4) 

where θp is the pitch angle of section, θp,o is the pitch angle of 
the blade, θT is the twist angle of section, α is the angle of 
attack, and Φ is the relative wind angle. 

c(r) =
4πrFsin Φ 

BCL ��
λr+tan Φ 
1−λrtan Φ 

� − �CD
CL
��

 (5) 

where c(r) is the blade chord length, CD
CL

 is the minimum drag-
to-lift ratio, F is the tip loss factor, CL is the lift coefficient, 
and σ is the local solidity. 

CL =
4Fsin Φ (cos Φ − λrsin Φ )

σ(sin Φ + λrcos Φ )  (6) 

CL = 4FsinΦ�cosΦ-λrsinΦ�
σ(sinΦ+λrcosΦ)

 

σ =
BC(r)
2πr  (7) 

In MATLAB, the tip loss correction factor is assumed to be 1 
for simplicity and any divergence in the calculations is 
avoided (0<Ftip<1, along 80 % of blade length, its value equals 
unity). 

Ftip =
2
π cos−1 �exp �−

B �1 − r
R
�

2 �r
R
� sin Φ 

�� (8) 

Ftip = 2
π

cos-1 �exp �-
B�1-rR�

2�rR�sinΦ
�� 

a =
1

4Fsin2Φ
σClcos Φ 

+ 1
 (9) 

 

a′ =
1

4Fcos Φ 
σCl−1

+ 1
 (10) 

 
Table 1. Blade design specifications. 

Span 
(m) 

Chord 
(m) 

Flow 
Angle 
(φ) 

Axial 
Induction 
Factor (a) 

Tangential 
Induction 
Factor (a') 

0.25 0.2 27.87 0.3532 0.18 

0.3 0.19 25.9 0.3274 0.1 298 

0.4 0.18 20.2265 0.3575 0.0817 

0.5 0.16 16.8611 0.3588 0.0542 

0.6 0.14 14.7642 0.3426 0.0376 

0.7 0.125 13.0272 0.3337 0.0275 

0.8 0.11 11.929 0.3097 0.0204 

0.9 0.1 10.8262 0.3003 0.0159 

1 0.09 10.0499 0.2821 0.0125 

1.1 0.085 8.6687 0.3216 0.0111 

1.2 0.08 7.784 0.3375 0.0096 

1.25 0.08 7.6428 0.3232 0.0087 
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This design is accomplished by MATLAB code to obtain 
accurate results with an error less than 10-5. In the design, the 
number of blades B=3, the tip speed ratio λ=5, rotor radius 
R=1.25m, and the number of blade segments N=10. The blade 
geometry (optimal blade chord distributions along the span) is 
depicted in Table 1 and Figure 10. In some cases, the blade 
needs some modifications due to the manufacturing limits. 
 

 
Figure 10. Chord distribution along the blade span for SG6043 

airfoil. 
 
6. BLADE PERFORMANCE 

As shown in Figure 11, the thrust coefficient is 0.9 when the 
tip speed ratio equals 5; if this ratio decreases, the thrust 
coefficient sharply decreases. The moment coefficient has the 
maximum value at a tip speed ratio of 5; afterwards, it 
decreases, as shown in Figure 12. 
 

 
Figure 11. Thrust coefficient vs tip speed ratio relation for SG6043 

airfoil. 
 
 

 
Figure 12. Torque coefficient vs tip speed ratio relation for SG6043 

airfoil. 

Figure 13 shows the maximum power coefficient with a value 
of 0.46 at the designed tip speed ratio that equals 5. Compared 
with other research studies, the maximum power coefficient 
obtained using the proposed design increases from 0.37 to 
0.46 for the same airfoil and tip speed ratio [30]. In addition, 
the obtained maximum power coefficient has nearly the same 
value in approximately the same working conditions for other 
research studies [10]. 
 

 
Figure 13. Power coefficient vs tip speed ratio relation for SG6043 

airfoil. 
 
   Based on the linear relation between the rotation speed of 
the rotor and the tip speed ratio, shown in Figure 14, the tip 
speed ratio value of 5 corresponds to a rotation speed rate of 
267.5 rpm, where maximum power is achieved. 
 

 
Figure 14. Rotor rotation speed vs tip speed ratio relation for 

SG6043 airfoil. 
 
7. COMPUTATIONAL FLUID DYNAMICS (CFD) 

The blades were modeled using SOLDWORK according to 
the provided data from MATLAB, as shown in Figure 15. 
 

 
Figure 15. The blades CAD Design. 
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The simulations used in this research were performed by 
ANSYS Fluent software. The theoretical models used for 
these simulations include the Reynolds-Averaged Navier-
Stokes (RANS) equations in combination with Shear-Stress 
Transport (SST) k-ω model [8].  The present horizontal axis 
wind turbine design consists of three frames with angles 120° 
between each one [11]. To simulate this process, the fluid 
domain geometry must be created by a cylinder with a 
dimension of 10m diameter and height of 5m, as shown in 
Figure 16. 

 
Figure 16. Schematic of the whole domain. 

 
7.1. Meshing the domain 

Global mesh controls were applied to the whole mesh 
altogether. Local mesh control was implemented to the areas 
right behind the turbine using mesh setting to capture all 
physical effects in these highly turbulent areas, [12]. Inflation 
is used to generate thin cells adjacent to boundaries and the 
wall y+ is satisfactorily obtained, thus helping resolve viscous 
boundary layer in CFD and high-stress concentration regions, 
as shown in Figure 17. 
   To check the mesh stability, calculations were repeated for a 
wide range of mesh sizes (from 1,000,000 to 3,000,000 cells). 
The decision when values of the drag and lift coefficients 
reach the steady state which satisfied after the mesh size of 
2,500,000 cells. Thus, the grid consisted of 1880073 
tetrahedral and 246140 wedge cells with 454031 nodes. In the 
distant region, the mesh becomes coarser due to the gradients 
of the flow, which can be neglected as shown in Figure 18. 
 
 

 
Figure 17. Effect of Inflation on the blade boundaries. 

 

 
Figure 18. Effect of Body of influence relative to the whole mesh. 

 
7.2. CFD results and discussion 

Computational Fluid Dynamics analysis of the blade model 
was done in ANSYS Fluent 16. The used solver was pressure-
based with a k-ω SST viscous model. In addition, the frame 
motion was enabled in z-direction with an angular velocity of 
-28rad/sec. The boundary conditions include velocity input 
and pressure outlet with a coupled solution method and 1500 
iterations. The pressure and velocity contours on the blade 
surfaces were observed and analyzed. 
   Figures 19.a and 19.b show pressure contours on the upper 
and lower surfaces of the blade. Pressure on the lower side is 
relatively higher than that on the upper side, especially in the 
tip zone of the blade. This creates a net upward force that 
produces a lift. 
 

 
(a) Upper skin 

 

 
(b) Lower skin 

Figure 19. Pressure contours of the blades. 
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The velocity field around the upper and lower surfaces of the 
blade is illustrated in Figures 20.a and 20.b. Observations 
reveal that the velocity values on the lower surface are lower 
than those on the upper surface. Figure 21 shows the 
streamlines around the blades that clearly show the wake 
rotation. 
 

 
(a) Upper skin 

 

 
(b) Lower skin 

Figure 20. Velocity field of the blades. 
 
   Due to the wind stresses, it is obvious that the maximum 
shear stresses occur at the blade tip, as shown in Figure 22. 
Therefore, the leading edge must receive great care in 
manufacturing to avoid any prone to malfunctioning during 
the operation. The power obtained from CFD simulation was 
268.52 watt. 
 

 
Figure 21. Streamlines around the blades. 

 

 

 
Figure 22. Shear stress at the blade tip. 

 
8. FABRICATION OF THE BLADE 

It is important to note that the manufacturing technique highly 
influences the quality of the finished parts and the extracted 
power. Hotwire cutter can be used as a new approach to blade 
manufacturing. Polyurethane foam is used to fabricate the 
blade due to its light weight, resiliency, low odor and high 
resistance, excellent cushioning, low cost, and easily cut to fit 
the blade design [31]. 
   2D airfoil sections were imported from SOLIDWORK and, 
then, were cut by a laser cutting machine using MKF wood 
material, as shown in Figure 23. They are used as a guide; 
therefore, the hot wire can move around them to construct the 
required blade with correct shape and angles. 
 

 
Figure 23. 2D airfoil sections. 

 
   The hot wire cutter is a device consisting of a thin, firm 
metal wire of stainless steel heated through electrical 
resistance to about 200 °C. Since the wire has passed through 
the foam material, the heat from the wire vaporizes the foam 
just in contact. 
   Surface finishing by the sandpaper was done to ensure that 
the dimensions of blade segments and leading edge is crafted 
perfectly. A hole was conducted along all the segments (4 
segments for each blade) to give a space for the iron rod to 
connect the segments together and give them more strength 
and, finally, to support the blade with hub, as shown in Figure 
24. 
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Figure 24. Photo of assembled blade. 

 
Finally, a layer of paste was added to increase the strength of 
the blade, fill out any holes in the foam, reduce any dynamic 
instability, provide a smooth surface, and obtain the final 
dimensions of the blade [32]. A circular metal disc is used as a 
rotor hub. It is crucial for the blades to be attached 
symmetrically; otherwise, imbalances may cause oscillations, 
which can lead to a blade tearing away from the hub, as 
shown in Figure 25.a, which imitates the CAD design in 
Figure 25.b. A permanent magnet DC motor driven in reverse 
was used as a generator. 
 

 
(a) Photo 

 
(b) CAD 

Figure 25. Small horizontal wind turbine. 
 
9. EXPERIMENTAL RESULTS AND DISCUSSION 

Related tests have been conducted on the roof of Ismailia 
engineering college campus. With an average wind speed of 4 
m/s, measurements were taken by connecting the output of the 
generator with a multi-meter to measure the voltage. The wind 
speed was measured by a cup anemometer. The electrical 

power measured at this average speed is 9 watt. This low 
value of the output power generated from the wind turbine 
results from low average wind speed and the inaccuracy with 
some deviations in the blade configuration during the 
fabrication and measuring processes, resulting in low turbine 
efficiency. In addition, the flow separation due to laminar flow 
is considered a reasonable source for low power output. This 
low energy has been applicable to lightening houses, battery 
charging, and remote areas. Therefore, the choice of the wind 
turbine site is essential, since the maximum power that can be 
theoretically extracted from the designed wind turbine is 110 
watts. The efficiency of the fabricated small horizontal wind 
turbine is 8 %. The generated power is considered to be 
accepted as compared with other researches [33 & 10]. 
 
10. CONCLUSIONS 

This study investigated the performance of small wind turbine 
blades in low wind speed areas. The investigation used the 
BEM and CFD approaches. The application of XFOIL 
software facilitated airfoils selection at low different Re 
numbers. SG6043 airfoil was selected. Exporting the data to 
Q-blade program allows for the visualization and analysis of 
airfoil performance. Maximum power coefficient is 0.46 as 
obtained at a tip speed ratio equal to 5, corresponding to the 
rotor’s rotation speed of 267.5 rpm. Such CFD results as 
pressure contour, velocity field, stream lines, and shear stress 
on the blades are appreciated. The blades are successively 
fabricated and assembled according to the design and 
succeeded to supply electricity with an average power 9watt 
and efficiency 8 %. 
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