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Abstract

Vertical hub wind turbines are considered the foremost reason for working in
private and urban ranges since the wind does not endure a nonstop alter in its
heading, as these sorts of wind turbines can be introduced on the rooftops of
houses and buildings and have a better reaction in wind stream disturbances. The
main objective of this paper to study the effect of different blade geometries on
the aerodynamic performance of VAWTS using subsonic wind tunnel, this study
important to know how much the turbine blade is efficient to improve the
performance of VAWTS, because of the wind turbine blades are the most portion
of the rotor. The extraction of vitality from the wind depends on the design of the
blade. For this consideration, four blade geometries were outlined and made, the
first design of the plume comprises is the straight-bladed Darrieus NACA0012,
the second design is a hybrid of the straight-bladed Darrieus- horizontal vane, the
third design is a hybrid of the Darrieus - vertical vane, and the fourth design is a
Hybrid consisting of the straight bladed Darrieus - Savonius. Practical tests were
carried out on the distinctive design shapes of the blades in a subsonic wind
tunnel to get the leading value for the drag force, which would be fitting to
improve the streamlined determinations of the vertical axis wind turbine in case
it was utilized within the design since it extricates the largest amount of discuss
amid the turn of the turbine at distinctive discuss velocities. The comes about of
experimental tests show that the fourth blade design of the vertical pivot wind
turbine is the finest sort among the four-blade designs based on the esteem of the
gotten drag force of 1.47 N compared to the first, second, and third blade, which
the drag constrain values for them were 0.06 N, 0.08 N and 0.95 N separately at
wind velocity 12 m/s, The difference between the mathematical calculations and
the practical results for the fourth blade (which is one of the best shapes in terms
of the highest value of the drag force) was about 10 %, which is within acceptable
limits. The high value of the drag force of the best blade (fourth blade), which is
able to have a coordinate impact on improving the torque of the wind turbine,
which definitely leads to improving the performance of the wind turbine in terms
of the amount of energy output, according to practical tests; its power was 8.2
watts at a wind velocity of 12 m/s.

Keywords: Blade geometries, Drag force, Energy output, Experimental tests,
Wind tunnel, Wind turbine.
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1.Introduction

Vertical axis wind turbines play a large and important role in generating electrical
energy due to their high efficiency at low wind speeds compared to horizontal wind
turbines, as they are characterized by the ability to respond to rotation regardless of
the direction of the wind. The drag force of vertical-axis wind turbines has a direct
effect on increasing the initial rotational torque of this type of wind turbine due to
the increase in the surface area of the blade in contact with the wind during rotation,
and this certainly leads to an increase in efficiency of VAWTSs. The improvement
of wind turbine advances made wind vitality is taking a step forward within the
neighbourhood generation of clean electric vitality inside the built environment,
counting mechanical and private ranges. Wind turbines have been in utilize for an
awfully long time, but within the past few a long time, there has been an expansive
order by a few people, commercial and mechanical companies to utilize wind
turbines to generate electric power for their production lines and homes. Usually
due to the developing mindfulness of the restricted ground saves of fossil fuels [1].

A German maker [2] made the H-rotors DWT which contains a few highlights
such as fundamental structure and generator coordinates clearly into the rotor
without any need for the gearbox. The streamlined work of the rotor is characterized
by the reality of whether; the wind turbine captures its power from the streamlined
drag of the talked about stream impact on the rotor. Fittingly hence, there are so-
called “drag-type” and “lift-type” and both of them are VAWT. On a little scale,
vertical wind turbines are favoured due to their curious contact focuses such as
different bearings [3], moo fabricating misfortunes, focal points of the generator at
ground level, and low turbulence.

The Savonius WT work on the drag differentiates between the turning edges. In
show disdain toward their lower capability and most extraordinary control C, of
0.18 [4], these sorts of wind turbines are reasonable for working in low-wind ranges
[5]. The Darrieus wind turbine, which works on the rule of drive levitation, is
outlined to function suitably within the coordinate speed extension with a control
figure of around 0.35-0.38 [6]. Among all the VAWT sorts, the foremost prevalent
sorts are Savonius and Darrieus. Savonius works utilizing the drag drive guideline,
whereas Darrieus employments the lift force principle [7].

Darrieus incorporates a higher C, than Savonius but requires the next wind
speed to begin the turn than Savonius [8]. Subsequently, numerous analysts
combine Savonius and Darrieus (half-breed Savonius-Darrieus) to require
advantage of Savonius and Darrieus, cannot deliver the C, well as Darrieus [9]. The
execution of the crossover Savonius-Darrieus is the impedance of the two
properties of the turbine. To make strides in the execution of the crossover
Savonius-Darrieus, the analysts examined a few persuasive angles such as the
position of the turbine course of action, the obstruction dividers given on the side
of the returning edge, the cover proportion, the sort of airfoil, the rotor span
proportion, and so on.

Wind turbines of the Savonius sort are turbines that work by the force of the
drag drive with two semi-circular edges introduced on the hub of revolution of the
turbine in an inverse way. Each edge is influenced by the wind stream and generates
torque on the most pivot of turn so that the turning portion of the turbine pivots.
This sort of turbine works at a moo rotational speed and moo productivity compared
to the wind turbine of the Darrieus sort, and the extreme execution of the Savonius
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turbines is at a wind speed extending between (10-12) m/s, and the effectiveness
figure rises with the increment within the aspect proportion [10]. Savonius turbine,
which it contains two edges and contains a more noteworthy proficiency figure than
the Savonius turbine, which contains the biggest number of edges [11].

The Darrieus wind turbine works on the guideline of lift drive, where the rotor
comprises of two or more blades within the frame of airfoils, concurring with the
sorts endorsed for each Darrieus plan. It leads the wind turbine rotor to turn.
Darrieus wind turbines are of the sort that does not have a huge self-torque since
the torque is moo or small at moo wind speeds. It needs outside power, and the
edges for Darrieus must be within the frame of airfoils in most cases. The execution
of Darrieus turbines with moo thicknesses is superior to thick turbines [12]. In
common, the execution of vertical-axis wind turbines is influenced by different
components. The foremost common components are the impact of the number of
blades, the impact of blade profile, the impact of viewpoint proportion, the impact
of surface unpleasantness, and the impact of Reynolds number [13-17].

One of the components affecting the execution of vertical-axis wind turbines will
be the center of this paper.

In this paper, the work will be a continuation of what the past creators specified
around the ponder of moving forward the execution of the rotor blade of VAWTSs
to get the most elevated productivity of the wind turbine. The main objective of this
paper is to study the effect of different blade geometries on the aerodynamic
performance of VAWTS using subsonic wind tunnel, this study is important to
know how much the turbine blade is efficient to improve the performance of
VAWTS because the wind turbine blades are the most portion of the rotor. To reach
the objective of this paper it was completed to select Darrieus wind turbine rotor
designs, Savonius sort, and flat plate type as essential channels in planning the
shape of each rotor edge, and to look at the inactive execution of these sorts of
edges utilizing the wind tunnel. The design of the blades are modified which is
considered as the important factor. Since the blades are the part which converts the
available wind currents into rotational force. It is fact that how efficiently the blades
trap the energy from the wind and converts into mechanical force. Researchers in
the field of improving the efficiency of wind turbines focus on increasing the
efficiency of the turbine blades by increasing the area of the blade in contact with
the air, which in turn increases the value of the drag force, which is considered one
of the design factors for wind turbines, as the efficiency of the blade determines the
efficiency of the wind turbine by increasing the amount of energy emerging from
the wind turbine.

2. Experimental Work
2.1. Experiment parameters

A model of the blades is outlined and manufactured in four types, such as Darrieus
Straight Bladed NACAO0012, combined blade (Darrieus with vertical flat plate),
combined blade (Darrieus with horizontal flat plate), and combined blade (Darrieus
with Savonius) for testing in a low-velocity wind tunnel. Three types of materials
are utilized to deliver the blades, such as steel sheets, aluminum sheets, and PLA
material. The shape of the rotor blade and wind speed are the parameters utilized
for this exploration. These parameters are utilized to decide the impact of drag force
for each shape of the rotor blade on the wind turbine execution. Each shape of the

Journal of Engineering Science and Technology = December 2023, Vol. 18(6)



The Effect of the Blade Shapes on the Drag Force of Vertical Axis Wind . . . . 2739

rotor blades was tested in a subsonic wind tunnel at an azimuth angle of 90° at
diverse wind speed. Figure 1 shows the proposed designs for vertical axis wind
turbine blades. Table 1 shows the blade parameters.

Table 1. Blade parameters.

Parameter Value
Height of Darrieus NACAO0012 (cm) 11
Cord of Darrieus NACA0012 (cm) 35
Height of Savonius (cm) 11
Width of Savonius (cm) 5.6
Height of horizontal flat plate (cm) 7
Height of vertical flat plate (cm) 11
Width of a flat plate (cm) 5.6
Radius (cm) 10

(a) Darrieus (b) Darrieus- (c) Darrieus- (d) Darrieus-

horizontal vane vertical vane .
Savonius

Fig. 1. Proposed designs for vertical wind turbine blades.

2.2. Experiment setup

Experimental tests were conducted at diverse wind speeds on the four-blade models
that were outlined and created (three measurement printing was utilized to
manufacture (airfoil NACA0012, Savonius blade, upper and lower board) for these
practical tests employing a subsonic wind tunnel to discover which of these blades
plan is superior outlined in getting the most elevated esteem of drag force. Each
different blade geometries of the rotor blade was installed in the middle of the test
segment of the wind tunnel having dimensions as shown in Fig. 2. The wind speed
within the practical testing area in the wind tunnel is controlled through (control
programmed from the wind tunnel’s control panel computer) on the number of
rotations of the electric motor used to operate the main fan of the wind tunnel,
where each number of rotations of the electric motor corresponds to a wind speed.

The four blades were introduced independently within the center of the review
range within the wind burrow at an angle of 90° to the direction of the wind within
the assessment range within the wind tunnel (considering that this angle has the
most elevated esteem of the drag force), each of these blades was uncovered in this
position of obsession with different wind speeds to discover out which is the
leading blade in terms of the most elevated esteem of the drag force, on the premise
of which the wind turbine designed this sort of blades is exceedingly efficient.
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(a) Subsonic wind tunnel photo.
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(b) Schematic and dimensions of the wind tunnel.

Fig. 2. Subsonic wind tunnel.

2.3. Devices used in practical tests

2.3.1. Digital anemometer

An anemometer used to measure wind speed during the experimental tests, has a
remote fan to measure wind speed. It measures wind speed in the range of (0-30)
m/s and works at temperature range of (-10 - 45) C° as shown in Fig. 3.

Fig. 3. Digital anemometer.

2.3.2. Digital tachometer

A tachometer used to measure the RPM for the wind turbine rotor has an effective
range for measuring the RPM up to 99999 and measure distance (5-30) cm,
accuracy (z 0.005%). Figure 4 shows the digital tachometer.

Fig. 4. Digital tachometer.
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2.3.3. Digital multi-meter

A multi-meter used to measure the voltage that has an effective range for measuring
the AC voltage from 200 mV to 750 V and for DC voltage from 200 mV to 1000 V.
It has the ability to measure current, resistance, frequency, etc. as shown in Fig. 5.

Fig. 5. Digital multi-meter.

2.3.4. Electrical generator

The generator type that has been used is (AC dynamo motor (1-35) V. Since the
combined VAWT does not have a big torque. Figure 6 shows the electrical generator.

Fig. 6. Electrical generator.

3.Results and Discussion

The wind turbine blades are fabricated in a down scale dimensions and tested in a
subsonic wind tunnel at different wind velocities.

The drag force is a dimensioned quantity that is commonly used to compare the
aerodynamic advantages of one VAWT rotor blade over another.

The efficiency of the blade is a measure of the amount of its drag force, which
determines the amount of energy extracted from the wind and converted into
mechanical energy. The experimental results from wind tunnel for the different
blade geometries as following:

3.1. Design of the first blade

The first blade consists of Straight-Bladed Darrieus type NACA0012, as proven in
Fig. 7(a). The blade was once fixated in the wind tunnel and examined under different
wind velocities to gain the magnitudes of its drag force, as shown in Fig. 7(b).

Figure 8 show the drag force versus wind velocity for a Darrieus straight-bladed
blade at an azimuth perspective of 90° where the wind route is perpendicular to the
blade, the maximum value of the drag force is 0.057 N, at wind velocity of 12 m/s.
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(a) Straight -Bladed (b) Straight -Bladed Darrieus
Darrieus blade. blade in wind tunnel.

Fig. 7. First blade shape.
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Fig. 8. Experimental drag force versus wind velocity
for Straight -Bladed Darrieus blade in wind tunnel.

3.2. Design of the combined second blade

The combined second blade comprises a Straight-Bladed Darrieus type
NACAQ012, and a horizontal plate with two movable vanes as appeared in Fig.
9(a). The blade was fixated within the wind tunnel and tried under different wind
velocities to get the sizes of its drag to constrain, as appeared in Fig. 9(b).

(a) Darrieus- Horizontal (b) Darrieus- Horizontal
vanes blade. vanes blade in wind tunnel.

Fig. 9. Combined second blade shape.

Figure 10 shows the drag force versus wind speed for a Darrieus- Horizontal
flat plate with two movable vanes blade at an azimuth angle of 90° where the wind

direction is perpendicular to the blade, the maximum value of the drag force is
0.08N, at wind velocity 12 m/s.
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Fig. 10. Experimental drag force versus wind velocity
for Darrieus- Horizontal vanes blade in wind tunnel.

3.3. Design of the combined third blade

The combined third blade consists of a Straight-Bladed Darrieus type NACA0012
and a vertical flat plate with two movable vanes as shown in Fig. 11(a). The blade
was fixated in the wind tunnel and tested under different wind velocities to obtain
the magnitudes of its drag force, as shown in Fig. 11(b).

(a) Darrieus- Vertical (b) Darrieus- Vertical
vanes blade. vanes blade in wind tunnel.

Fig. 11. Combined third blade shape.

Figure 12 shows the drag force versus wind speed for a Darrieus- Vertical flat
plate with two movable vanes blade at an azimuth angle of (6= 90°) where the

wind direction is perpendicular to the blade, the maximum value of the drag force
is 0.094N, at wind velocity 12 m/s.
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Fig. 12. Experimental drag force versus wind
velocity for Darrieus- Vertical vanes blade in the wind tunnel.
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3.4. Design of the combined fourth blade

The Fourth combined blade consists of Straight-Bladed Darrieus type NACA 0012,
and Savonius as shown in Fig. 13(a). The blade was fixated in the wind tunnel and
was tested under different wind velocities to obtain the magnitudes of its drag force,
as shown in Fig. 13(b).

(a) Darrieus- Savonius blade. (b) Darrieus- Savonius blade
in the wind tunnel.

Fig. 13. Combined fourth blade shape.

Figure 14 shows the drag force versus wind speed for a Darrieus- Savonius
blade at an azimuth angle of 90°, where the wind direction is perpendicular to the
blade, the maximum value of the drag force is 1.47 N, at wind velocity 12 m/s.

2
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Fig. 14. Experimental drag force versus wind velocity
for Darrieus- Savonius blade in the wind tunnel.

The experimental results for the different geometries of the blades above show
that the fourth composite blade of Darrieus - Savonius has the highest value of the
drag force of 1.47 N compared to the first, second, and third blades, and the pulling
force values for these three blades were 0.06 N, 0.08 N, and 0.95 N respectively at
a wind speed of 12 m/s. This means that the shape of the composite blade, due to
the high value of the drag force, has an important effect on the value of the initial
torque of the rotor and the total rotational torque of the wind turbine rotor, which
in turn leads to an increase in the total production capacity of the vertical axis wind
turbine, compared to the other three types of VAWT blades shown above.
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4,Conclusions

The main objective of this paper to study the effect of different blade geometries
on the aerodynamic performance of VAWTSs, for this purpose four VAWT blade
configurations have been designed, fabricated, and tested in a subsonic wind tunnel
to measure their drag force magnitude at different wind velocities in the range of
(2-12) m/s. Experimental tests using wind tunnel were adopted and the results of
the four VAWT blades were presented. Major findings emerging from the wind
tunnel experiments are as follows:

e The fourth combined blade of Darrieus - Savonius has the highest value of the
drag force of 1.47 N compared to the first, second, and third blades, the drag
force values for them were 0.06 N, 0.08 N, and 0.95 N respectively at wind
velocity 12 m/s.

e The Savonius -Darrieus combined blade due to the high drag force of the
Savonius blade has a great ability to self- starting compared to the first, second,
and third blades because it has a high projected area.

e The design of the fourth integrated blade, and because the experimental tests
showed that it has the highest value of the drag force and ability to self-
starting, it can be used in the design of a vertical-type wind turbine to obtain a
high-efficiency coefficient, that leads to obtaining the highest power output
from the wind turbine designed using this type of blade.

Here it should be noted that the use of the fourth combined blade shape
(Darrieus-Savonius) in the designs of vertical-axis wind turbines has a direct effect
on increasing the initial rotational torque of this type of wind turbine due to the
increase in the surface area of the blade in contact with the wind during rotation,
and this certainly leads to an increase in efficiency of VAWTSs. This type of wind
turbine can work at low wind speeds, with this characteristic, this type of wind
turbine can be used in places where wind speeds are low, whether these places may
be the roofs of buildings and houses inside residential cities or on the main streets
of cities, as this type of wind turbine receives wind from all directions, meaning
that the direction of the wind is not taken into account when installing VAWTS in
the places designated for installation.

All researchers in the field of renewable energy, especially in the field of wind
energy research, seek the possibility of optimal use and exploitation of the largest
part of kinetic wind energy in generating electrical energy through good and
efficient design that generates the largest production of electrical energy. Good
design and high efficiency of wind turbines depend on the efficiency of the blade
design. Which is used in manufacturing the rotor part of wind turbines. Any
improvement in the efficiency of vertical axis wind turbines through practical or
theoretical research, or both, can contribute to achieving Goal No. 7 (clean,
affordable energy) and Goal 13 (climate action). One of the United Nations
Sustainable Development Goals is to promote clean and renewable energy sources
and reduce greenhouse gas emissions.

Nomenclatures

Cp Power coefficient
N Drag force, N
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v Wind velocity, m/s
Greek Symbols
2] Azimuth angle, degree.

Abbreviations

DWT Darrieus Wind Turbine

NACA National Advisory Committee for Aeronautics
PLA Polylactic Acid

VAWT  Vertical Axis Wind Turbine
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