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Performance of the Pumpkin Wind Turbine
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Abstract. This paper reports existing studies on the influence of the number of
blades on vertical axis wind turbine (VAWT) performance. Wind turbine blade
is an important element in the conversion of wind energy to electrical energy,
because of their ability to convert wind kinetic energy, even at low wind speeds.
Therefore, the choice of airfoil-shaped wind turbine blades is very suitable for
application in areas with low wind speeds. The VAWT blade installed resembles
a pumpkin when it spins, so is called a pumpkin wind turbine. The blades were
installed on VAWT with various 2, 3, 4, and 5 blades, while the performance of
the wind turbine was determined with various wind speeds, respectively. The
successful manufacture of blades can be an advantageous solution for vertical
wind turbines. the turbine with three blades has the largest tip speed ratio (TSR)
of 4.08. The test results of this pumpkin wind turbine show the maximum
efficiency power expressed in Cp of 0.49 with the number of three blades. For
application, a vertical pumpkin wind turbine with a stand- alone has been
installed for lighting in Mount Ireng in Pengkok Village Patuk Gunung Kidul
Special Region of Yogyakarta.
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1 INTRODUCTION

A wind turbine is a machine that converts the wind kinetic energy into mechanical
energy in the form of shaft rotation. The wind turbine shaft is coupled with the generator
shaft to rotate the magnetic field, inducing a winding of copper wire to produce
electrical energy. Torque and rotation speed are the mechanical output of the rotor
which affects the load of work and generator speed to produce electricity [1]. The
electricity produced can be used for home, industrial or office purposes. A single stand-
alone small wind turbine can be used to generate electricity power for a single home or
light street [2] The small wind turbine is a micro-scale power plant where the energy
produced is lower than 1500 watts [3].

Wind turbines are divided into two types based on the drive shaft direction namely
Vertical Axis Wind Turbines/VAWT and Horizontal Axis Wind Turbines/ HAWT [4]
[5]. Horizontal-axis wind turbines have higher power efficiency advantages over
vertical axis wind turbine [6]. The power efficiency of the wind turbine is measured by
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the power coefficient (Cp). However, the research results show that VAWT has
advantages for areas with low wind speeds [7]. Another advantage of VAWT is not
require the yaw system of wind turbines to orientate the wind turbine rotor towards the
wind, it has better construction stability and is silent. In terms of increasing the
efficiency of power produced by wind turbines, it is necessary to design low-speed
generators that operate at low rotation [8]. The HWAT has a horizontally oriented
rotary axis usually having three blades and is designed to face the wind. The VAWT
has a rotating axis that is aligned vertically and is designed to utilize kinetic energy
from all directions. Both have their advantages and disadvantages [9]. HWATS are the
most popular wind turbine choice and have received more funding for research and
development because they offer significant advantages over VAWT. HWAT has
greater efficiency than VAWT when extracting energy from wind forces due to its
design which allows it to extract energy through a full rotation of the blades when
placed under a consistent wind flow. Even though VAWT has not received as much
attention as HWAT 1in its research and development, VAWT has several significant
advantages compared to HWAT. Unlike HWAT which must face wind flow all the time
to provide optimal output, VAWT is omnidirectional and can receive wind from all
directions [10].

VAWT is the best choice for installation in low-speed and more turbulent wind
environments such as urban areas because they can generally start producing power at
low wind speeds [11]. Systems for VAWT such as gearboxes and other equipment can
be packaged together and installed closer to the ground, eliminating the need for
additional costs for maintenance and are easier to control. VAWT also has the
advantage that the sound it makes is lower than HWAT

[12][13]. VAWT is inefficient in high-speed wind environments because they have
very low starting torque and problems with their dynamic stability [14]. VAWT is also
susceptible to backtracking because some of its blades move against the wind until they
travel back into the wind stream to be pushed back. Previous studies and patents
comparing VAWT and HWAT have shown mixed results.

Wind turbines are classified based on the rotational speed into two parts, namely the
wind turbine with variable speed (VSWT) and fixed speed wind turbines (FSWT). A
VSWT is a wind turbine that is mainly designed to operate over a wide range of rotor
speeds and can provide primary frequency regulation. a FSWT is a wind turbine with a
rotor rotation at a constant angular speed. The changes in the speed are determined by
the gear ratio, number of generator poles and system frequency. FSWT has several
advantages of the use of cheap power electronic circuits, a simple system, and low
maintenance. However, FSWT has weaknesses, in that the turbine cannot operate at
varying wind speeds, so the energy produced cannot achieve maximum efficiency and
small energy [15].

The use of new renewable energy is still very low which can be utilized by society
in Indonesia [2] [16] [17]. The society still has limited knowledge regarding the use of
new and renewable energy, including the use of windmills as an energy source.
Countries in Europe and America have well-developed wind energy conversion
systems so energy is cheaper than conventional energy. The use of renewable energy is
not only a way to obtain energy but is also necessary to build a clean environment for
human life and its ecosystem [18][19][20]. Vertical axis wind turbines can handle
various problems of small wind turbines in one product. In the past, it was usually only
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an inefficient turbine that was capable of producing a little noise. Turbines placed close
to each other result in lower performance, especially in horizontal axis wind turbines
[21].

The pumpkin-shaped vertical wind turbine uses aerodynamics and an innovative
design with an airfoil shape to create a small wind turbine that can be used in areas with
low winds. Its higher efficiency compared to turbines of the same class allows it to
generate electricity at lower wind speeds. This allows the turbines to be installed cost-
effectively for better performance in suitable locations. The wind turbine that is applied
on site has a unique shape like a pumpkin (Cucurbita moschata) when it rotates, so this
turbine is called a pumpkin wind turbine. Wind turbine blades have an important role
in converting wind energy into mechanical energy [22] and many models have been
developed by researchers. In this paper, the pumpkin wind turbine blades with varying
blade numbers of 2, 3, 4 and 5 provide different performance at varying wind speeds.

2 METHODOLOGY

2.1  Wind Speed Measurement at Mount Ireng

Mount Ireng is the location where a vertical wind turbine with a single pole will be
placed as a lighting generator. Mount Ireng is located in Pengkok Village Patuk District
Gunung Kidul Regency Special Region of Yogyakarta. Mount Ireng has an altitude of
about 200 meters above mean sea level. Even though the mountain is not very large,
the position of the mountain is still higher compared to the areas in the location village,
so it has a wide view in that direction. With an unobstructed area towards the east and
south positions, the Mount Ireng area gets quite large gusts of wind from the South
direction where the South direction is the south coast area of Yogyakarta which is
approximately 20 km away. Figure 1 shows a map of the location of Mount Ireng.
Mount Ireng is a tourist destination with an attractive sunrise panorama. At night, the
location of Mount Ireng is completely dark, so lighting is needed for tourists waiting
for the sunrise the next day. A suitable energy source for lighting in this area can be
obtained from wind energy. Therefore, wind turbines were installed as a solution for
lighting in the area.

Yogyakarta

Fig. 1. Map of the location of Mount Ireng as a test site for vertical axis wind turbines
for lighting.
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Mount Ireng as a research test location for wind turbines requires a survey of wind
speeds at that location. Because wind is a source of kinetic energy from wind turbines.
Another test is measuring wind speed at the location. Figure 2 shows the results of wind
speed measurements at the Gunung Ireng location, Pengkok Patuk Village, Gunung
Kidul, Yogyakarta.

Wind speed (m/s)

0200 0900 10:00 11:00 1200 13:00 1400 1500 16:00 17:00
Time
Fig. 2. Wind measurements at the research location on September, 11 2021.

2.2 Wind Turbine Blade Performance

Tip speed ratio/TSR is one of the indicators of the performance of a wind turbine.
TSR is the ratio between the speed at the blade tip and the wind speed. The blade tip
speed is the angular speed of the shaft times the blade length. The angular speed is
obtained from shaft rotation which is measured using a tachometer while wind speed is
measured using an anemometer. The power coefficient (Cp) is defined as the ratio of
the power converted by the wind turbine relative to the kinetic energy that is obtained
from the wind speed. The Betz coefficient suggests that a wind turbine system can
convert a maximum of 59.3 per cent of the energy in an undisturbed wind stream [23].
The power of wind turbine is determined by density of wind, area of blades and wind
speed, while the power output is obtained from torque and angular speed of the shaft of
wind turbine.

Vertical axis wind turbine blades have various shapes and sizes that have been
developed. Wind turbine blades greatly determine the electrical power produced, from
small-scale ones with a small power output to large-scale ones that produce up to
megawatts of electricity. The shape of the blade also determines the rotational speed of
the wind turbine. In terms of the shape of the blade, it will also determine the weight
and strength of the construction of the blade itself against wind forces. The wind turbine
that is applied on site has a unique shape like a pumpkin when it rotates. So this turbine
is called a pumpkin wind turbine as shown in Figure 3.
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Fig. 3. The vertical wind turbine blade design when rotating resembles a pumpkin, giving
an aerodynamic performance.

This deep vertical wind turbine uses curved blades with an airfoil cross-section with
a half-open back. This blade can reduce backtracking when rotating against the wind
because the cross-section is in the form of an airfoil. A blade with a half-open back can
catch more wind when the blade moves in the direction of the wind, thus producing
greater thrust. The cavity on the blade is reinforced with an I-profile structure on the
inside so that it becomes more sturdy. In this study to get a large tip speed ratio using a
variety of 2, 3, 4 and 5 blades. The cross-sectional shape of the blade is NACA 63-415
which has a large cross-sectional size. NACA 63415 is generally used in wind turbines
that experience multiple angles of attack [24]. The cross-sectional shape of the NACA
63-415 airfoils can be seen in Figure 4, where the airfoil was generated by the airfoil-
tool [25]. The design of the blade is a half-open airfoil at the back (upper chamber line).
Figure 5 shows the design of a blade for the vertical axis wind turbine. The opening of
the upper chamber line gets more abigest drag force for the blade.

Name = NACA 63-415 AIRFOIL

/ [ 77‘\‘\\

Fig. 4. Cross section of NACA63-415 airfoil with half of open the upper chamber line [25]

\
AT
40mm \\ +.200mm

520 mm

Fig. 5. Design the blade with a curved shape and airfoil cross-section.
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3 RESULTS

The test results of a pumpkin wind turbine with variations in the number of blades
as an influence of wind speed on rotation can be seen in Figure 6. The test results show
that the rotation increases with increasing wind speed.
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Fig. 6. Speed on wind turbine rotation with variations in the number of blades.

The wind speed of 4.1 m/s can produce a rotor speed of 317 rpm at three blades.
The greatest performance is shown by a wind turbine with three blades where the largest
tip speed ratio of 4.08 is obtained from variations in the number of blades. TSR
measurements for each wind turbine with varying numbers of blades at the same wind
speed can be seen in Figure 7. The TSR is an important factor in wind turbine design.
TSR refers to the ratio between the speed of the tips of wind turbine blades divided by
the wind speed. The wind turbine with three blades has the largest tip speed ratio of
4.08. The result is by following the theory of the relationship between power and wind
turbine rotation speed, the greater the power generated, and the greater the rotation.
Individual small wind turbines can be used to generate electricity on an energy small
scale [26]. A wind turbine generator shows significant differences in power generation,
depending on the installation area and the frequency of wind occurrence [13]. The
application of small-scale wind turbines in the long term with the development of
generator technology, and the utilization of wind energy is still promising[27].
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Fig. 7. The effect of the number of blades on the tip speed ratio/TSR.

Figure 8 shows the power output was generated by each turbine with the number of
various blades as the effect of wind speed. The Wind turbine captures the kinetic energy
of wind to convert it into mechanics and then to electricity power. The wind turbine
blades are an important element in energy conversion in a system wind turbine because
of their ability to capture energy from the wind. The configuration, number, and shape
of the blades play an important role in determining their torque, rotation and power
efficiency. The characteristics blade such as blade shape, tip speed ratio, angle of attack,
materials used, and blade weight play an important role in determining the efficiency
of wind turbines, too. The Betz limit states that a wind turbine cannot capture more than
59.3% of the wind's energy [23]. The results of this pumpkin wind turbine in Figure 9
show that the maximum efficiency expressed in Cp is 0.49 with three blades. Wind
turbine with three blades, the angular momentum stays constant because when one
blade is in front or behind, the other two are pointing at the same angle. So the turbine
can rotate into the wind smoothly.

4 2 Blades

power output (watt)
v

3 ~ & 3 Blades
: - 4 Blades
2 # 5 Blades
——Poly. (2 Blades)
——Poly. (3 Blades)
1 Poly. (4 Blades)
——Poly. (5 Blades)
0
1 2 3 4 5 6

wind speed (m/s)

Fig. 8. The power generated by pumpkin wind turbine with various number of blades.
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Fig. 9. Comparison between the performances pumpkin wind turbine (Cp)
with various number of blade.

4 CONCLUSION

The pumpkin-shaped wind turbine is unique because it has performance that can be
applied as a renewable energy source, based on the measurement results, the power
output increases with increasing rotational speed of the turbine. The number of blades
three gives the largest TSR value of 4.08 and the maximum efficiency power Cp of
0.49.
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