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Abstract: Nowadays, wind energy is one of the most economical energy sources with awell-known technology.
Today, wind energy is mainly use to generate electricity. Wind turbines convert the kinetic energy into
mechanical or electric power. In addition, wind turbine power production depends on the interaction between
the rotor and the wind. The aerodynamic forces generated by wind determine the major aspects of the wind
turbine performance, for example, power output and load. The aim of this research is to determine the drag force,
torqgue and mechanical power for different type of vertical wind turbine blades which are an airfail
blade, C-section blade and single big C-section blade in a two-dimensional model and this mechanical power
are transmitted to the generator to produce electricity for domestic use in North-Cyprus. In particular, drag force
and torque acting on each types of blade was taken at an airflow speed of 4 m/sec and an angular velocity of
13.056 rad/sec according to statistical meteorological. These works allow researcher to make a comparison
between aerodynamic characteristics and different types of the blades. The objective of this research in using
different types of wind turbines is to maximize the amount of electrical power which is produced by the
generator.
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INTRODUCTION

Wind energy has been proved to be one of the most
viable sources of renewable energy. With current
technology, the low cost factor of wind energy makes it
becomes more competitive in the energy market. Wind
energy is a comparably low cost energy harvesting
system that can yield an adequate amount of energy to a
built environment which is environmenta friendly and free
from harmful wastes. Rather than gaining energy from
non-renewable energy sources such as petroleum and
gas, wind is being exploited by wind turbine to become
an energy producing mechanism with the knowledge
of mechanical engineering and skills (Khan, 2006;
Masters and Duff, 2011).

Wind turbine generator that are being used in all over
the world today are mostly operates at impelled constant
speed operation. Thisisdueto their simplicity of the wind
turbine generator to connect to the utility grid without the
need of frequency conversion and to assure stable energy

supplies (Horiuchi and Kawahito, 2001). Wind turbines
are classified into as Horizontal Axis Wind Turbines
(HAWT) or Vertica Axis Wind Turbines (VAWT)
depending on the orientation of the axis of the rotor
rotation (Kothari, 2008). VAWTs may have either drag or
lift driven rotors. The most common drag and lift
driven VAWT are Savonius and Darrieus, respectively
(Manwell et al., 2009).

Wind power produces no harmful emissions and will
not be depleted over time. Approximately, 1 MW of wind
turbine system can displace more than 3.2 tons of
nitrogen oxides, 6.5 tons of sulfur dioxide, 1,500 tons of
carbon dioxide and 60 pounds of mercury compared to the
average utility generated by fuel mix in United States
(Patel, 2006). In the scenario of China, one of the largest
countries in the world where wind energy system is much
developed, the total capacity of wind turbinesinstalled in
the year of 2012 was 75.3 GW with a growth rate of 20.8%
compared to year, 2011.
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Over the time in the European Union (EU), wind
energy is the second largest contributor to the new power
source which translates into 30% share of the net increase
of the energy supplies. Wind power in the Europe has
demonstrated impressive growth rate over the last years
due to its potential to become a non-hydrogen renewable
energy sources and low-carbon energy farming systems.
The aim of Europe renewable energy directive is to
increase the share of renewable energy in the EU from
8.6-20% in 2005 and 2020, respectively (EWEA, 2011).
Onshore wind is the cheapest renewable electricity
technology and hence will be the largest contributor of
the renewable electricity source needed by EU in 2020
(Kjaer, 2010).

According to European Wind Energy Association’s
report by year, 2020, wind energy system should meet
15.7% of EU electricity demand which is 230 GW and
increase by 28.5% reaching to 400 GW by the end of 2030.
That by 2050, wind energy system will able to provide half
of Europe’s power together with the remainder from other
renewable sources (European Wind Energy Association,
2010). Turkey in the other hand is aso putting more
attention to the development of wind energy systemin
order to overcome the problem with non-renewable
energy sources in future. The country is providing much
awareness to the energy industries as ‘The Renewable
Energy Law’ was introduced in 2005. Ever, since, the
development of wind energy has aroused and wind
energy utilization has been dramatically accelerated asthe
result of government supports.

At the beginning of January 2014, wind power
delivers a growing fraction to the energy production
systems and has made up of 5,276 wind turbines with a
total installed capacity of over 10 GW: 6,831 MW of
onshore capacity and 3,653 MW of offshore capacity in
the United Kingdom (Patel, 2006). By 2016, current
capacity of wind power industry will increase from
200 MW (in 2001) to 1000 MW which announced by
Canadian Government (Tong, 2010).

The aim of this research is to produce power by
using the wind energy for domestic purposes of
households in North-Cyprus. There is a continuous wind
flow through the mountains located along the seaside
in the Northern part of the island directing to the
inmost of the country. According to Turkish statistical
meteorology, the average wind speed is minimum 4 m/sec
for at least 6 h/day. The calculations of the parameters are
based on this average speed. To determine the mechanical
energy, three different types of blades are used. Once, the
mechanical energy is obtained it can be converted into
electrical energy using Permanent Magnet Synchronous
Generator (PMSG). In the foregoing sections, for

NACA-profiles and blades are used, the fundamental
theory, namely the airfoil theory for some rotational region
and the rest of the region the profiles are considered as a
flat plate will be discussed. The equations for calculating
the most important parameters, velocity and pressure
distributions, lift and drag coefficients, lift, drag and
finally, torque and power are derived. The singularity
theory is applied in the airfoil theory. For the C-section
and single big C-blades the appropriate tables are
used for calculating the drag coefficients. Finally, they
affect the load transients on the turbine’s shaft and the
blades characteristics which affect the efficiency and
performance of the turbine are discussed.

Theory

Wind turbine: The aerodynamic force and design of wind
turbine are two important criteriafor categorizing the wind
turbines. Wind turbines are divided into drag based and
lift based by considering aerodynamic performance. As
low speed turbines, the rotors which utilize the drag force
of the wind are recognized. However, in some turbines,
the possibility of employing the lift force is also provided.
The lift based turbines are recognized as high speed
rotors. These are capable of capturing higher amount of
the wind power compared to their drag based
counterparts and therefore, they are the most common
solution today.

Wind turbine can be classified into two types which
are Horizontal Axis Wind Turbine (HAWT) and Vertical
Axis Wind Turbine (VAWT). The HAWT is the most
commercial wind turbine today. The rotating of horizontal
axis blades is parallel to the wind speed. The advantages
of HAWT are high turbine efficiency, high power density,
low cut-in wind speeds and low cost per unit power
output. Whilein the vertical axis, the rotating of bladesis
perpendicular to the ground. There are severa
advantages for VAWT such as VAWT can accept wind
from any direction and thus, no yaw control is needed
(lidaet al., 2004).

Vertical AxisWind Turbine (VAWT): The studied wind
energy converterisaVAWT which is aless common type
of wind turbine. The VAWT is Omni-directional, i.e., it
accepts wind from al directions and does not need a
yawing mechanism. In addition, the vertical axis wind
turbine is predictable to produce less noise than a
horizontal axis wind turbine (Eriksson, 2008).

The studied system has a turbine with straight blades
which are attached to the drive shaft via. support arms.
This configuration is commonly called an H-rotor as by
Ribrant and Bertling (2007). The simplicity is the main
advantage with this wind turbine concept. The wind
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turbine consists of few parts and will only have one
rotating part. The omission of the gearbox, yawing system
and pitch system is expected to reduce maintenance
(Eriksson et al., 2008). The blades will be fixed, i.e., it will
not be possible to turn them out of the wind. The
absorbed power will be controlled by an electrical control
system combined with passive stall contral, i.e., the
blades will be designed to stall to limit power absorption
at high wind speeds.

The generator of the vertical rotational axis of wind
turbine is located at the bottom of the tower. This is
expected to simplify installation and maintenance. The
tower can be lighter for a VAWT, since, the nacelle is
excluded which reduces structural loads and problems
with erecting the tower. The generator design is focused
on efficiency, cost and minimizing maintenance as the size
of the generator is not the main concern. In advantage,
the control system can also be located at ground level
facilitating access (Angelin et al., 1981).

There is an apparent difference in the drive train
between a HAWT and a VAWT with a ground based
generator (apart from turbine configuration): the length of
the drive shaft. The long drive shaft of this type of
VAWT isinteresting to field of study. Although, the long
drive shaft is not unique for this system; it is has been
used in hydropower. In Jarnvagsforsen, Sweden, a
hydropower station with two turbine-generator systems
of the long shaft type wasts installed, each having arated
power of 60 MV A, adrive shaft length of 45 m and a shaft
outer diameter of 1.4 m (Earnest, 2014).

Working principle of VAWT: In the VAWT design
which may be two-bladed, three-bladed or four-bladed,
the blades are symmetrically arranged around a vertical
axis and the angles of the blades are set optimally in such
amanner, so that, it works on the lift principle.

For a rotating VAWT, the blades encounter two
forces its own rotating speed and the incoming wind
speed (Fig. 1). Thereisatangential force pulling the blade
around and radial force acting against the bearing of
vertical axis. Both speeds get added vectorially yielding
a total apparent wind speed at an incoming angle of
attack. The incoming air stream which is parallel to the
blade yields high and low pressure regions on the blade,
yidding overall lift and drag forces. The resulting oblique
lift force creates a torque on the shaft to which the blades
are attached making them rotate in the direction of the
blades in which they are already travelling. The VAWT
yield an overall positive torque that can be extracted as
electrical power through the generator.

A major limitation of the VAWT is that it is not
sdf-starting due to symmetry of the blades. Hence, to

Radial force

Incoming wind

/0! Blade speed
Ange
£oof i

Actual wind
Fig. 1. Lift principle of three-bladed VAWT rotor: the
aerofoil of the blades are adjusted

generate a torque on its own, stating is achieved by
operating the electrical generator as a motor and then
speeding up the VAWT sufficiently for the wind to pass
over the blade aerofoils to create the lift force and then
run in the generating mode. Torque is caused by change
in the apparent wind direction relative to the moving
blades (Abzug and Larrabee, 2002).

Airfoil theory: An airplane wing, propeller blades,
windmill blades, compressor and turbine blades in a jet
engine and hydrofoils have a special shape called an
airfoil. An airfoil isabody of such a shape that is placed
in an airstream in order to produce an aerodynamic force.

Mathematical formulation for four digit NACA airfoil:
An aircraft wing has an NACA airfoil shapes. The NACA
airfoils were designed during the period from 1929
through 1947 under the direction of Eastman Jacobs
at the NACA'’s Langley Field Laboratory (Abbott and
von Doenhoff, 1959). It is often summarized by a few
parameterssuch as: maximum thickness, maximum camber,
position of max thickness, position of max camber and
nose radius. Schlichting and Truckenbrodt (1979)
describes NACA four digits series and presents the
equations for constructing NACA four digits series which
describe the thickness distribution and camber lines of the
four digits series.

Numerical evaluation of the profile theory: The
calculations of the velocity distribution and the
aerodynamic coefficients have been derived through the
singularity method in the previous section. Now, these
parameters can be evaluated in a convenient way through
the numerical summation formulas. The details of the
calculation are referred to the research of F. Riegels
and E. Truckenbrodt (Houghto and Carpenter, 2003).

The velocity distribution on the profile contour at
discrete points X, is obtained through the following
summation Eq. 1:
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and an ,bn, cn, Anm, Cnm and Hhm are Fourier series
coefficients and N is the number of discrete nodes
(Houghto and Carpenter, 2003).

Estimation of lift and drag coefficients from pressure
coefficient: One way to evaluate the aerodynamic
coefficients is to measure the surface pressure
distribution and integrate that over the airfoil area. The
pressure difference between the lower and upper surface
is obtained by means of the Bernoulli equation. Lift and
drag coefficients for airfoil section depends on Reynolds
number (Drag coefficients for two-dimensional shapes
(104<Re<106). The drag coefficientsin al cases are based
onthe projected areaasby Fox et al. (2002)) and angle
of attack between the chord line and the undisturbed
flow direction. As the angle of attack is increased, the
minimum pressure point moves forward on upper
surface and the minimum pressure becomes lower.
Once the pressure coefficient is caculated, the
aerodynamic coefficients which are Lift Coefficient (CL)
and Drag Coefficient (CD) can be calculated in-term of
pressure coefficients as by Heffley (2007) and Fox et al.
(2002).

Lift and drag forces on airfoil: The aerodynamic
forces acting on a body may be described by lift and
drag. Lift (L) is the net vertica force and Drag (D) is
the net horizontal force with respect to the
direction of motion. The equations for calculating lift
and drag are very similar:

L=1, UZC,A ©)
2

D:%ruicDA 4

Where:

D = Thedensity of air

U, = Therelative velocity of the airflow

A The Areaof the airfoil as viewed from an overhead
perspective (Anderson and Anderson Jr, 1999)

MATERIALSAND METHODS

Components of wind electric systems. Wind energy or
wind power today is one the most reliable way to generate
mechanical power or electricity. Wind power neither
produces any toxic emissions nor any heat-trapping
emissions that can contribute to global warming and
inevitably dangerous. Wind turbines, unlike aworking fan
in your house that uses electricity to generate wind, use
wind power to generate electricity.

The wind turbine rotor assembly is designed to
convert mechanical power from the wind into an electrical
power output or directly move machines or vehicles. The
components of a wind electric generation system are
shown in Fig. 2. Permanent Magnet Synchronous
Generator (PMSG) is connected to the turbine through a
suitable step up gear box and coupling. The generated
power variable frequency is fed to the load through power
converters designed to ensure constant voltage and
frequency. Since, the wind power varies with wind
velocity, the generator output voltage and frequency vary
continuously. The variable AC output voltageisfed to an
ACto DC rectifier. Aninverter is then used to convert DC
voltage of the rectifier into AC voltage with the desired
voltage level and frequency using either hysteresis,
sinusoidal PWM or Space vector PWM. The voltage
source inverter can be connected directly to alocal gridin
an on-grid system. This connection ensures the exchange
of electrica power between the wind turbine and the
electric grid.

Wind turbine model: The two primary types of wind
turbine are the Horizontal Axis (HAWT) and Vertical Axis
(VAWT) machines. VAWTS has certain advantage over
HAWTswhich makesit favorable for installation in urban
areas, like it gives a better response to turbulent wind
flows when installed on buildings (Heffley, 2007). The
power that the wind turbine can absorb from the wind is
proportional to cross section area of rotor A, the air
density, D at normal conditions, the power Coefficient, C,
and the cubic of the wind speed U, as described in Eq. 5
(Bianchi et al., 2007):

Wwind
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Wind turbine

Fig. 2: The main components for wind electric syste
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The aerodynamic torque is expressed as in Eq. 6
(Bianchi et al., 2007):

T:%ruiACq(l ) (6)

where, C,(8) represents the torque Coefficient and is
giveninEq. 7:

c,1)=) ™

The tip speed ratio, 8 depends on the blade Radius R, the
wind speed U4 and the rotor angular speed S, asin Eq. 8:

= R, ®

| =
Uy

Therefore, including Eq. 7 and 8 into Eq. 6, the following
relation results (Eq. 9):

T= 9

:lruiACq(l)
2

Z|v
=

where, C,(8) is the power Coefficient is a nonlinear
function of wind velocity and blade pitch angle and is
highly dependent on the constructive features and
characteristics of the turbine. It is represented as a
function of the tip speed ratio 8 given by: by
Slootweg et al., the power Coefficient C(8) is expressed
using Eq. 10:
.. -125
C, (! ):o.zzgg- (0.4q) - 5§e h (10)

Thetip speed ratio equivalent is calculated using Eq. 11:

__ 1,05 (1)

I, .
" (1+0.08q) ot+1

where, 2 represents the zero pitch angle.

Transmission and generator efficiencies. The shaft
power output that, we have been discussing is not
normally used directly but is usually coupled to a load
through a transmission or gear box. The load may be a
pump, compressor, grinder, electrical generator and so,
on. For purposes of illustration, we will consider the load
to be an electrical generator. The basic system is then as

o

P, Turbine |P=_[Transmission Generator

Pe
—» —>
We

P Wn Nm [ON né

Fig. 3: Wind electric system

shown in Fig. 3. We start with the Power in the wind, P,
As this power passes through the turbine, we have a
mechanical Power P,, a the turbine angular velocity Tm
which is then supplied to the transmission. The
transmission output Power P, is given by the product of
the turbine output Power P, and the transmission
efficiency O,
Pt = hum

Similarly, the generator output Power P, is given by the
product of the transmission output power and the
generator efficiency O,

Relating electrical power output to wind power input:

P=Ch,hP

p''m' gt w

At rated wind speed, the rated electrical Power output P
can be expressed as:

r
R R~ CpRhmRth EAUa

Where:

Cx = The Coefficient of performance at the rated wind
speed Ug

0. = Thetransmission efficiency at rated power

Ocr The generator efficiency at rated power

The losses of transmission are due mainly to the
friction due to viscosity and bearings. When the rotation
speed of the turbine is constant, the losses can be
considered constant. As a result, the losses can be
assumed to be a percentage of the low speed shaft. About
2% was considered as reasonable value in different
references (Johnson, 2001). Each ratio of the step up gear
is6:1 as maximum, three or four stages can be considered
for the wind turbine. This design alows a total ratio of
36:1 in case of 2 stages or 216:1 in the case of three
stages. The transmission efficiency can be given by Eq.
16 while q is the number of stages used:
ho=P P (0.02)0P,

" P, P

m
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where, PmR is the rated turbine shaft power (Johnson,
2001).

Three-phase rectifier: As mentioned in the previous
study, the wind turbines run at variable speeds, thus, the
voltage and the frequency outputs of the generator are
variables. To make them constant, a rectifier is used to
rectify the voltage and then the DC voltage is inverted to
fixed frequency and voltage as shown in Fig. 2. Figure 4
shows the three phase rectifier which is constructed by
six diodes, two for each phase. The rectifier is used to
convert alternative voltage and current to direct voltage
and current. The capacitor is used to support the direct
voltage and keep it at a fixed value. The output of three
phase rectifier is given by:

— _3J3 3

Ud p Vpeek p \/Evrms
Where:
Uq DC voltage
Vo = Maximum AC voltage

Vs = rmsvalue of voltage

Voltage sourceinverter: Voltage Source Inverters (VSI)
are one of the most important applications of power
electronics. The main purpose of these devices is to
provide a three-phase voltage source where the
amplitude, phase and frequency of the voltages should
aways be controllable (Rashid, 2001).

The standard three-phase two levels VS| topology is
shown in Fig. 5. It is composed of three legs with current
reversible switches, controlled for the open and close.
These switches are realized by controlling switches (GTO

»
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Fig. 4: Three phases rectifier
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Fig. 5: Voltage Source Inverters (VSI)

or IGBT) with anti-parallel diodesto allow the flow of the
freewheeling currents. Simple voltages of the VSI can be
given by:
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where, S, ,, . States of switchs. The main aim of using the
rectifier with three phase voltage source inverter was to
convert the AC variable frequency and amplitude voltage
generated by synchronous generator into fix frequency
and amplitude voltage as shown previously in Fig. 2. The
generated voltage will then be connected to the grid to
transmit the power from and into the power grid. In this
way, the power generated by the generator is transmitted
to the grid. The inverter is controlled in such a way to
keep the voltage of the capacitor bank fix at a defined
value. When the DC voltage is increased the power flows
to the grid and if the voltage decreased the grid sends its
power to the capacitor. In this way, the power is
transmitted in two directions such that the resultant
power istransmitted from the generator to the power grid.

RESULTS AND DISCUSSION

In this research, the three wind turbine blades are
shown in Fig. 6 and the direct connection is used via
various links and gear. The turbine captures wind and
moves due to the present of lift forces when we used
NACA airfoil or due to the presence of pressure drag
force when we use C-section or single big C-section blade
which cause it to rotate about it fixed axis.

jblade

/shaft

‘/

2000

Fig. 6: Set up (front view of the turbine blades with scale
is1mm =10 cm)
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Figure 7A shows the free stream velocity U,, the
direction of speed of the blades (TR), the position of the
blades with angle ( and the direction of rotation of the
blades for different blades. During the rotation, the free
stream velocity U, has two components. First component
is directed along with the velocity direction. It is used to
calculate the skin friction drag force. The second
component is directed perpendicular to the free stream
velocity, direction and used to calculate the pressure drag
force. Since, the speed of the blades affects both surfaces
of the C-section and at the same time we have the free
stream velocity effect on the upper or lower surface which
depends on the location of the profile, the free stream
velocity is added to or subtracted from the speed of the
blades (TR) which depends on the direction of the
velocity as shown in Fig. 7B.

Flowchart for thecalculation of thefor cesand tor quesof
vertical wind turbineby using different blades: Theflow
charts below identify the procedure to compute the drag
force and torque of vertical wind turbine for NACA airfoil
and different types of C-section blades (Fig. 8). Using the
flow chart of four digit NACA airfoils, the change in the
torque for NACA 0012 profile with angle of rotation (() is
showninFig. 9.

By using the flowchart of C-section blades, the
change in torque and mechanical power for C-section and
single hig C-section blade with diameter 0.3 and 1 m,
respectively is shown in Fig. 10. Figure 10b shows that
single big C-section produced the maximum mechanical
power which isjust over 11 kW where (is equal 60, 180
and 300°.
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Fig. 7: A) Schematic diagram of three-blade rotor; @) NACA airfoil blade; b) C-section blade; ¢) Single big C-section
blade and B) Schematic diagramof one-blade rotor: @) NACA airfoil blade; b) C-section blade; c) Single big

C-section blade

| NACA profile | [

C-section Blade |

.

Identifying geometrical four digit parameters |

.

Calculating the coordinates of upper (z,)
and lower (z,) airfoil surface

zy=ztzand 7= 7-z

"

| Sketch the NACA profile |

"

| Calculate the velocity profile |

"

Calculate pressure coefficient for upper
and lower surface

Drag force
Skin friction 10% Préssure drag 90%
Calculate drag coefficient CD1
Calculate the pressure force for each blade
First blade: ~ 0-360°
Second blade: 120-480°
Third blade:  240-600°

"

| Calculate the lift and drag coefficients |

"

Calculate the lift and drag force and the torqug
First blade: 0-360°

Second blade: 120-480°

[Third blade: 240-600°

Calculate the torque for each blade
First blade: 0-360°
Second blade: 120-480°
Third blade: 240-600°

= =

Calculate the total pressure force and

torque for three blades (0-360°)

Calculate the total lift and drag forces and
torque for three blades (0-360°)

Fig. 8: Flow chart of four digit NACA airfoils
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Fig. 10: Torque and mechanical power plot for; @) C-section with D = 0.3 m and b) Single big C-sectionwithD =1 m
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Fig. 11 The system of synchronous generator with rectifier and inverter

Permanent Magnet Synchronous Generator (PM SG):
The synchronous generator is a type of electrical power
generator used to generate electrical power at a fixed
frequency. The rotor of PMSG is equipped with a
permanent magnet to create the main magnetic field.
The rotor is then turned at fixed speed using a
mechanical motor. The rotor is then turned at fixed
speed using a mechanica motor, air or gas turbine or
any other power source. Three phase voltage will be
induced in the armature windings of the synchronous
machine. In our study, a present model of synchronous

machine in Matlab/Simulink was used to generate
three phase voltage. The voltage generated by the
generator is variable with variable frequency. The
variable frequency is due to the variations in wind
speed and power. The voltage produced is then fed
to the rectifier which produces DC voltage and then
the DC voltage is converted to fixed frequency and
amplitude AC voltage which can be connected
directly to the grid. The system of synchronous
generator with rectifier and inverter is shown in
Fig. 11.
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In this case, the mechanical input power for C-section
blade was 6.032 kW/h while the average injected power to
the grid was 4.03 kW/h with atotal efficiency of 66.8%.
We can notice the same for the C-section and big single
C-section blade where the voltage of the inverter was
same as that of the grid. The frequency of the output
voltage is fixed and can be connected directly to the grid.
The mechanical input power in the second case (single
big C-section) was 8.3 kWh while the average injected
power to the grid was 5.542 kW/h.

CONCLUSION

In this study, several aerodynamic models have been
analyzed which is applied for better performance
prediction and design analysis of different types of blade
for vertical wind turbine. Also, in this study a model for
the evaluation of energy performance and aerodynamic
forces acting on a different type of blade for vertical axis
wind turbine which are depending on the blade
geometrical section has been developed. The research
demonstrated that single big C-section blade of a wind
turbine with diameter 1m can produce more mechanical
power than any other blade in the lower wind speeds. The
same parameters, torque and mechanical power have also
been determined for different types of NACA airfoils but
theresults are not illustrated in the diagrams because they
are too small in comparison with the results of another
study cases. Also, study represented the simulation
of a power electronic converter used for grid connection
of a permanent magnet synchronous generator with
variable-speed wind turbine. The electrical power
generated by the PM SG was converted from AC to DC; an
on-grid type inverter was used for the connection of the
system with a 240 V power grid. Comparing al models,
electrical output power and the highest output power
was 5.542 kW/h by using single big C-section blade.
Comparing the electrical power of the C-section blade with
NACA airfoils, we found the electricity produced by a
NACA airfail is approximately neglected which was nearly
0.7 W/h.
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