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Abstract: Micro wind turbines play an important role in becoming the alternative
technology in the generation of electricity because of the increase in fossil fuel prices and
the increase in demand for renewable energy sources. Similarly, Wind energy is becoming
one of the best renewable sources of energy for generation of electricity because of the fact
that wind is a clean and unbounded source of renewable energy. This paper presents the
ideas of designing a horizontal axis small-sized wind turbine or horizontal axis micro wind
turbine for low wind speed areas to produce electricity. A small-sized wind turbine or micro
wind turbine is a type of turbine that converts the kinetic energy of wind into electrical
energy and it is used to generate power for small power needs. It can also be used in many
applications like homes, villages, and so on, requiring a very low cost for installation and

maintenance.
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1. Introduction

One of the major challenges in this new century is
the production of energy as well as its efficient use
from renewable sources. Researchers around the
world have shown that global warming has been
caused in part by the greenhouse effect which is
largely due to the use of fossil fuels for
transportation and electricity. So, the use of
renewable energy sources such as geothermal,
solar, wind and hydroelectric power needs to be
increased to protect the environment. As a
renewable energy, wind energy has taken an
increasingly important place in energy policies at
the national and international level as a response to
climate change. Wind power usage in India is
growing and research in the field of wind energy
will further improve the current situation.

In recent years, the importance of
renewable sources of energy in power generation
has been growing day by day around the world.
Also, due to the lack of fossil fuel resources,
utilization of renewable sources of energy has
become even more important. Large wind farms,
either in the countryside, offshore, in the mountains
or at the seaside have already been invested by
many countries around the world. Since wind speed
and direction are well known and there are only a
few factors that will influence them, the energy
gathered from these wind farms can easily be
predicted and calculated. However, in cities, where

there are a crowded population and the land being
used to a maximum extent, the availability of such
huge area for setting up a wind farm is difficult.
Also in the urban environment, the wind speed
required for harnessing higher power is less. For
these reasons, small wind turbines which can be
installed on rooftops are suitable for use in urban
areas, as well as rural areas that are not connected
to any electricity network. Apart from all the
renewable energy resources, cleaner energy
systems such as micro wind turbines played a key
role in the renewable electricity generation. In wind
turbines, some mechanical and electrical aspects of
the turbines are necessary to study in details so that
the turbine can achieve its electrical output
efficiency [1, 2].

Wind turbines convert wind energy into
electricity via mechanical energy. There are two
primary types of wind turbines, namely horizontal
axis (HAWT) and vertical axis (VAWT) wind
turbines, and the efficiency of each wind turbine
type varies by its design and fabrication.Similarly,
these two main group of a wind turbine is classified
depending on their axis in which the turbine
rotates. Because the horizontal axis has the ability
to collect the maximum amount of wind energy for
the time of the day and can adjust their blades pitch
angle to avoid high windstorms, they are
considered more familiar and more common than
the vertical axis. HAWTs are most commonly used
in wind farms.
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Fig. 1: Vertical and Horizontal Axis Wind Turbine

[1, 5].

Micro wind turbines can be designed
using PVC blades as it can give better power
capacity and less costly. It can be used in areas
where the velocity of wind is low, that is, as low as
2 m/s, like a plateau or hilly region or in places
where large wind turbine does not give a good
result. Because of low cost and being of
economical, it can be installed in residential areas
over the houses for power generation. Moreover,
utilization of small wind turbines for the household
would result in fewer burdens on the grid and also
plays a vital role in reducing utilization of
conventional energy and mobility to utilize the
power. These micro wind turbines can be used
where wind velocity is low like hilly regions or
especially rooftops of building and they are less
costly, easier to install and can power electrical
devices like the LED sign, Cell phones, lighting a
lamp, etc. [17, 20].

2. Design and  Construction  of
Horizontal Axis Micro Wind
Turbine

Some of the components of the wind turbine and
electrical parts associated with it are DC Motors:
12 V, 3 Inch diameter PVC PIPE and 10 Inch in
Length, Round base: 2.5 Inch Diameter, Hand
Cutter, Drill and Cycle Screw.

A wind turbine blade converts wind
energy into rotational mechanical energy. It is the
most important part of a wind turbine. Before the
design of turbine blade, two important points
should be taken into consideration, i.e., (1) the
weight of each blade should be equal. (2) Each
blade should be positioned on the plate at equal
distances. Following are the steps and the materials
required for the construction of the turbine blades.
In this case, the turbine blades are constructed of
thermoplastic material (PVVC PIPE) which is of 10
inches in length and 3 inches in diameter. Firstly,
the pipe is cut into blades in three equal parts and
every three parts are cut into two. Then, from six
identical blades, three blades are taken into
consideration and at one end of the pieces, holes
have been made with the help of a drill. Moreover,

a 2.5 inches diameter round base is cut to join these
three pieces of turbine blades and then holes are
drilled at equal distances from this round base.
Lastly, the three blades are then joined to the round
base at an equal distance using cycle screws tightly.

vl

Fig. 2: Construction Stages of Wind Turbine
Blades

3. Mechanical  Aspects of the
Horizontal Axis Micro Wind
Turbine

The aerodynamics of flow around the wind turbine
blades plays an important role in comparing all the
factors responsible for efficient energy production.
In order to better treat the wind turbine
aerodynamics, one of the approaches is by
application of computational fluid dynamics
(CFD). It can be also be observed that CFD can be
used as a potential tool to study the detailed flow
field around wind turbine rotor. To better
understand the aerodynamics of wind turbines one
of the alternative methods is the use of dedicated
experiments to increase knowledge and physical
understanding of the phenomena and the validation
of models. The simulations have been carried out in
commercial CFD code FLUENT. The results from
CFD simulations aid in better understanding of the
flow structure around the turbine.

3.1 Mechanical Design of the Turbine Blade

Following are the dimensions of the wind turbine
blade which are designed by a software known as
AutoCAD Software. The blade of the wind turbine
was designed accordingly to the given dimensions.

8.5 Inch

l

0.6 Inch

|

Fig. 3: Blade dimension of the Turbine blade
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Fig. 4: Horizontal Axis Micro wind turbine blade
under study

Following are the AutoCAD Designs of the wind
turbine blade which have been designed according
to the given dimension.

Fig. 5: Isometric vi\;v ofrtheA full blade model
design

Fig. 7: Isometric view-of the single blade design
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Fig. 8: Top view of the single blade design

3.1.1 Mechanical Simulation of the Turbine
Blade

A 3-D computational model of the rotor system has
been created and CFD simulations or mechanical
simulation of the turbine blade have been carried
out using commercial CFD code FLUENT or
Ansys Fluent Software. The inputs given in this
analysis includes Chord length =0.254m (10
inches), radius of the turbine blade=0.254m (10
Inches), blade RPM= 300, Wind Velocity= 2.5m/s,
3.1 m/s, and 3.5m/s and blade
material=Thermoplastic material (PVC blade). In
this Simulation, Pressure Distribution on the
Turbine Blade has been determined.The analysis
has been carried out for a constant blade RPM of
300 RPM at various Wind Speed, viz., 2.5 m/s, 3.1
m/s and 3.5 m/s. As a result, the pressure
distribution on the turbine blade shows good results
that it can withstand at any wind speed.

Fig. 9: Pressure for Wind velocity=2.5m/sec, ‘
RPM=300

1tE
ez
158
125
108
itz
e
1zex
1ex
1rex
]
iex

=

Fig. 10: Pressure for Wind velocity=3.1m/sec,
RPM=300
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Fig. 11: Pressure for Wind velocity=3.5m/sec,
RPM=300

The figures given above show the pressure
distribution on all the parts of the turbine blade. It
can be identified or determined by different colors
such that the red color on the tip of the turbine
blade indicates the maximum pressure whereas the
blue color on the turbine blade indicates the
minimum pressure.

4. Electrical Simulation of the Wind
Turbine Generator using Matlab-
Simulink

Since wind is a source of energy which is clean,
easy access and sustainable source of energy.
Therefore, Wind energy utilization for power
generation purpose isbecoming high interest in
electrical power production. However,
understanding of wind properties is very
importantfor wind energy exploitation. The speed
of wind is highly variable depending on the season
and in hourly means and both geometrically from
place to place and temporally. Moreover, the output
of micro wind turbine mostly depends on the wind.
Therefore, the more is the wind speed, the greater
is the amount of power the wind turbine generates.
Different regions have different wind speeds. As a
result, determination of the value of the wind speed
for a particular region is necessary.In thepresent
study, a mathematical model and its simulation
technique has beenstudied that affect the electrical
output power generated by the wind turbine.
Therefore, these modeling and electrical simulation
techniques will play a great role in thedesign and
analysis of these wind turbines.

5.1 Electrical Simulation of Wind turbine

A wind power plant has been designed by using
Matlab-Simulink as shown in figure 12. The
designed system consists of a 1.5 MW (can be
changed to any value) wind turbine connected to a
load 400 KVA and electric power source 25 KV
through a three-phase transformer, the active and
reactive power is measured for different wind
speed and a different pitch angle of the blade. The
values or parameters of the designed system can be
changed by changing the system blocks parameters
very easily and this is the advantage of using
Matlab-Simulink. The model in this study has been
used for higher power output which is of 1.5 MW

at a wind speed of 12 m/s. Therefore, with the
changing of the different parameters of the
designed model, it can be implemented in a micro
or mini wind turbine as well. Therefore, Figure 13
shows an image of the Matlab-Simulink scope
display which shows the output power curve of the
designed wind turbine at a wind speed of 12 m/s.

Fig. 13: Output Power curve at wind speed 12m/s
[32]

4.1.1 Output Power for different Wind Speed

Following are the output power graph for different
wind speed which is obtained by simulated the
designed model with respect to the different wind
speed. From the figures given below, it is shown
that the output power curve increases with the
increase of wind speed and decrease with the
decrease of wind speed. Therefore, the output
power of the wind turbine depends on wind speed,
that is, the output power varies when the wind
speed is also varying.
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Fig. 14: Output Power curve at‘wind speed 16m/s

Fig. 15: Output Power cur\}é at wind speed 14m/s

Fig. 17: Output Power curve ‘at Wind speed 6 m/s

5. Electrical Power Output
Measurement with respect to Wind
Speed

A designed micro horizontal axis wind turbine is
taken to the rooftop for measuring the electrical
power output of the Wind Turbine coupled with a
DC Generator can generate, with respect to the
available wind speed. This experiment was done in
Azara (Guwahati) and Mawlynrei (Shillong) and
the tools used are Anemometer, Multimeter,
Resistors, LED strips and connecting wires.

- ] N‘- . 2
Fig. 18: Snapshots of the Experimental Set-up

Therefore, the electrical power output that
was obtained with respect to wind speed taken both
in Azara (Guwahati) and Mawlynrei (Shillong) are
represented in graphical form as follows:
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Fig. 19: Velocity duration curve and Power
duration curve as on 28/09/2017

Wind Speed(m/s)
Power[mwW)
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Fig. 20: Velocity duration curve and Power
duration curve as on 03/10/2017

Power (mW)

Fig. 21: Velocity duration curve and Power
duration curve as on 17/10/2017
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Fig. 22: Velocity duration curve and Power
duration curve as on 10/05/2018

5.1 A Relationship between Wind Power (P)
and maximum obtained Electrical Output

Wind Turbine Power is calculated as,

1
P= 5 p A GV (D)

Where,

P = Wind Power in watts

p = air density in Kg/m® (Typically p = 1.225 kg/m?
at sea level)

A = rotor swept area (m%) (4 = nr2)

Cp = Power Coefficient (Typically C, = 0.35 - 0.45,

0.35 for a good design)
V = wind speed in m/s (Wind speed = 3 - 4 m/s)

Therefore Wind Turbine Power is calculated as
follows,

P =0.5%1.225%0. 2026 * (3)% * 0.35

= 1.1726 Watts

Where,
p = 1.225 kg/m®,
A =mr? =1+ (0.254)2 = 0.2026 m?, Cp = 0.35,
V=3m/s

Similarly, Efficiency is obtained as follows,

Electrical Power

D = ~Vind Power X 100% ... e wve o (2)
b= 60.02 * 1073 < 100%
1.1726
Where,

Electrical Power = 60.02 mW
Wind Power = 1.1726 W
Therefore, Efficiency,

n =511%

6. Conclusion

This paper presents the design of Horizontal axis
micro wind turbine for low wind speed areas. The
Micro Horizontal Axis Wind Turbine has been
designed and has also been tested under variable
wind speed conditions, in Shillong and Azara
(Guwhati). Then, incorporation of DC generator

10:20 10:30 10:40 10:50 11

00 11

with the Turbine has been done to obtain electrical
power output and electrical power output
measurement has been done successfully.
Similarly, MechanicalDesign of the Turbine Blade
has been done by using AutoCAD Software and
Mechanical Simulation of the Turbine Blade i.e.,
Pressure Distribution on the Turbine Blade has
been done by using Ansys Fluent Software.
Moreover, Electrical Simulation and modelling of
the wind turbine has been done for higher power
output and Relationship between Wind Power (P)
and Electrical Output has been calculated for
Efficiency Improvement.

The further directions to the work include
Electrical Simulation of the Horizontal Axis Micro
Wind turbine can be done by changing the
parameters of the designed model and further
design modifications of the turbine for efficiency
improvement.
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