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Abstract- Wind energy is one of the important technologies being advanced to aid in the global climate change battle and
to reduce dependence on non-renewable energy sources. So, this paper comes up with a novel design of the blade shape
to get more power production easily with low cost instead of using NACA shape blade profiles. Prototype model of PVC
(regular shape) and novel blades are tested under structural analysis ANSYS (CFD). Results of Comparison between the
two blades with same specifications help to give an idea to make the suitable prototype for development. Performance
study of the prototype wind turbine is completed under real life conditions and results are given. As a result of this study,
it is shown that the increment in the novel blade numbers caused turbine output power grow in the range of 40Watt-
50Watt for wind speed ranging from 0 to 10 m/s. This power range increases up to 200Watt, by experimental testing and
utilized for domestic applications. The most efficient structure recognized during the field analysis is with five blade
system. However, it is prudent to mention here that field test results proved the existence of a new concept in wind
turbine design. Further, it is the first model of the novel mini wind turbine (NMWT), after successful lab testing it was
subjected to full-scale field testing.
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I. INTRODUCTION

Wind energy is strong growing and the gifted renewable energy source. The investment expenses of wind
turbines have shortened over the years, making wind energy economically competitive to conventionally
generate electricity. So in order to conserve the fossil fuels and to ensure a continuous supply of energy, use of
non-conventional energy resource is the need of the day. Out of these resources wind energy is the most
reliable source. Wind turbines turn the kinetic energy in the wind into mechanical power. This mechanical
power can be utilized for specific work in olden days such as pumping water and grinding grain. A generator
can turn this mechanical power into electricity. A wind turbine works the opposite of a fan. Instead of using
electricity to turn into the wind, like a fan, wind turbines control wind to get electricity. The wind pushes the
blade and shaft start rotates this shaft is connected to a generator and makes electricity. Small wind turbines
are used throughout the improved globe and are initially used in rural or remote settings in the domestic and
international markets. Small wind electric systems can become a token of contribution to our nation’s energy
requirements. The capacity to provide a practicable and authentic electrical supply shall be emphasized.

There are literatures about upgrading of wind turbine execution study. Ameku et all. Design a 3 kW wind
turbine prototype concentrating on blade design [1]. Kosasih and Tondelli examined the analysis of a low
power turbine that has a cone shape, structure to accelerate air stream through the wind turbine in the
laboratory. [2]. A. Ali et al. created a new vertical axis wind turbine. In the study, the energy generation
potential of the system was investigated and turbine blades were tested for various configuration and wind
speed values [3] Mainly, wind turbines that are utilized within urban areas, Furthermore create power at low
wind speeds, should be visually suitable to the environment and should work with low noise, turbulence
should be minimized by taking into consideration of surrounding structures. In spite of these questions, there
remains an increasing concentration for roof mounted wind turbines [4, 5, and 6]. Wind energy is, in reality, a
byproduct of solar energy. The sun ejects radiation, which attends to heat parts of the globe at different rates
and this difference is most notably during the day and night, but it occurs also when different surfaces for
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sample, water, and land take up or reflect heat at various rates. This, in turn, causes portions of the atmosphere
to warm differently. Due to this temperature and pressure variation, hot air arises reducing the atmospheric
pressure at the earth's surface Furthermore cooler air is drawn in to replace it, this results in wind formation.
[7] [8]

The main focus of the study, the development of a NMWT horizontal axis, which generates electricity from
innovative blade profile. The modified geometry of blade and execution will be investigated by using the
ANSYS. To build the effectiveness of electricity production, amortized over the turbine manufacturing cost,
for a particular location. In order to extract the maximum possible energy, it is essential that the blades of mini
wind turbines start rotating at the lowest possible wind speed. The manufacturing model is going to create and
testing of wind turbine set up under the various speed of wind and blade profiles for various loading condition,
and changes in a diameter of a blade for getting power output for wind speed ranging from 0 to 10 m/s is
calculated. A novel mini wind turbine idea perfect to urban utilization and low wind speeds are demonstrated.
In this paper, performance analyses of the mini wind turbine concept are performed and the results are
summarized. The idea of new shape wind rotor for various parameters for example, wind speed, current,
voltage furthermore power develops. The results have proven that almost 42W power can be generated at any
point of time, which is capable of lightening 40W bulb continuously.  So efforts made to project the novel
shape of a rotor by experimental results.

II. STRUCTURAL DESIGN

The prototype model tested under various conditions of the forces. Calculation of the force done by
considering swept area of blade diameter. As per the shape of the blade swept area helps to capture air. The
main objective in wind turbine design is to increase the aerodynamic efficiency, as well as power extracted
from the wind. So it is clear that a longer blade will favor the power extraction. But, with the increase in blade
length, deflection of blade tip due to axial wind force also increases. So, blind increment in length of the blade
may lead to the unsafe situation of collision of blade and tower. The following mathematical statement
decides the diameter of the blade.

(1)
The wind turbine is designed for 40-70Watt horizontal axis, the design process of the three-bladed rotor
initially comes to the determination of the rotor diameter and material. Lift and drag force, generate in the
blade, drag is the force of wind approaching straight downward, but the lift is the force which always works at
a right angle to the direction of the wind. A HAWT blade not at all moves downwind, so they can get no assist
from drag forces as a substitute of use the lift. ANSYS is used for structural analysis, to find the deformation
of the micro shape blade model. Choose the condition of the static structure of the blade. In which blade is
located on the fixed support as shown in fig. 1 and perform like a cantilever. Wind velocity is acted on the
overall length of blade geometry.  The geometry of the blade directly imports in ANSYS for the FEA. The
load of 10N is applied on PVC blade shape. Deformation occurred in X direction, Y direction and Z direction.
According to a uniformly distributed load (UDL) applied to the blade, following are the structural results.

Fig.1. Micro and PVC blade structural analysis
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Table-1: Comparison of the results for two type’s blade

Sr. No Shape of blade Load Applied(N)
Total Deformation
(mm)

Equivalent Stresses
(MPa)

1.
Trapezoidal
Blade

Point Load

10N
12.85 21 Mpa

UDL of 10N 0.07 5.17 Mpa

2
Micro Shape
Blade

UDL of 10N 0.014 1.03 Mpa

UDL of 15N 0.021641 1.54 Mpa

UDL of 20N 0.028855 2.06 pa

III. DEVELOPMENT OF MODEL

A. Materials selection

Wind energy is caught by the revolution of the rotor blades. Rotor blades have historically truly been made of
wood, but because of its sensitivity to moisture as well as processing costs, modern materials such as glass
fiber strengthen plastic (GFRP), Carbon fiber reinforced plastic (CFRP), steel and aluminum are replacing the
traditional wooden units. Many numbers of factors are influencing for the material selection. They are
properties of materials, test requirements, material’s reliability, safety, physical attributes, natural conditions,
availability, disposability also recyclability, and finally economic factors. Aluminum is a silvery white metal
with a density about a third that of steel. Aluminum was only implemented in testing situations because it was
established to have a lower fatigue level than steel. Aluminum is ductile and fine heat conductor. Aluminum is
a low value metal, but it has good reliability and has a low tensile strength. Aluminum is lightweight, but
weaker and less stiff than steel. So Aluminum is selected as the blade material for analysis.

B. Data collection

In order to have an clear understanding of the velocity of a source (i.e. Fan) want to finalize the graphical
configuration of our wind turbine under a primary survey. For that in-house testing was carried out &
collected the basic inputs required. The wind speed was measured for variable speed input. The wind speed
range gets from 0.5 to 10 m/s, more than enough to push a wind turbine. The details are jotted down in Table
2.

Wind velocity data measured by an anemometer:

Date of Recording: 29/11/2016, Time of recording: whole day

Table 2: In-house wind velocity data

Sr.
No

Condition
Wind
Velocity
(m/s)

1. Axis of anemometer parallel
to source

4 to 6

1
2. Axis of anemometer 30
degrees to source

4 to 7

3. Axis of anemometer 45
degrees to source

3 to 6

Next survey was carried out on the terrace for two days. The average, details of the review are given below.
By using equation (1) calculation about how much amount of power extracted from terrace input wind
velocity is calculated for various timings mentioned below as shown in Fig.2 and Fig.3.
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Fig.2. Graph of readings taken from 09:00 am to 11:00 am Fig.3. Graph of readings taken from 02:00 pm

to 04:00 pm

C. Manufacturing of model

In a search to study the generation of electricity from wind energy, the models of turbines were developed
from paper cutting. The block diagram of the proposed model is shown in fig. 4.

Fig. 4.  Proposed model of wind turbine

During beginning stage, three models of turbine were developed having 3, 4 and 5 blades. The material
chosen for these models was aluminum of 0.34 mm thickness. The rotating tip diameter was 450mm. These
blades were mounted on a steel shaft. The shaft was supported by two bearings of size 6200zz (SKF). The
supporting structure was made in such a way that the height of turbine can be adjusted from 500 to 800 mm.
Fig. 5 (a) and 5 (b) shows blade with 4 and 5 blades respectively.
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Fig.5 a) Initial test model of wind turbine Fig. 5b) Inhouse testing of actual prototype model

As the working of NMWT, all the forms of a wind turbine are designed to pull out power from a moving air
blow. The novel blades have an airfoil cross-section and extract wind by a lift force caused by a pressure
difference between blade sides. When air passes over an airfoil section an air strike of the blade, it pushes the
blade by taking help of the swept area of a blade and transfer this wind blow towards another blade by newly
joined air blow this comes the total utilization of air blow and giving maximum RPM to the rotor for the
generation of measurable power. This becomes the air pressure above the blade lower than it is below. Due to
the irregular pressure the blade experiences a lifting force (Harnessing the energy of the wind).  The swept
area of the blade helps to make use of air and converted into more RPM. Due to such profile rotor rotates as
per the direction of wind velocity by proper bearing arrangement. The mechanical power produced by the
rotor is purely a function of the blade geometry and the incident velocity. The design parameters that
influence aerodynamic performance contains blade pitch (angle of attack), taper, and twist distribution. For a
given blade, its geometric shape is usually fixed, i.e. the aerodynamic shape, taper and twist distribution do
not change.

IV. TESTING OF MODEL

The primary objective of this paper is to take an experimental exploration in a workshop through paddle fan,
which flows constant velocity of air blow towards the rotor. The basic specification of rotor is calculated by
equation 1 and listed under Table 3.

The experimental investigation was undertaken in Walchand College of Engineering, Sangli, lab. Trials had
been used for various diameters of the rotor, number of rotors and tested under the peddle fan wind blow.

Since, there are many parameters, particularly in small wind turbines, such as wind speed, rotor diameter, tip
speed ratio, blade shape, tower height, blade angle, blade material, set up location etc. If these parameters are
changed there will be variations in the results. So, during this test, only one parameter which varies, i.e.
diameter of the blade is constant for trial. By doing appropriate range of diameter and their effects on power
output is calculated as shown in below graphs.
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Table 3: Specification of blade Table

1 Blade Diameter 0.45m

2 Average wind speed 6m/s

3 Cp 0.45

4 Tip speed ratio 1.4

5 Material Aluminum

6 Density of the air 1.20 Kg/m3 / 3
7 Maximum revolutions 325 rpm

8 Thickness Gauge 26

9 Generator 3 Phase AC,(P.M)

After completing the assembly, In-house testing was carried out. Wind speed was regulated from 0 to 10 m/s
and loading was done with the help of 12V/10W bulb. As shown in Fig 7, Fig. 8 and Fig. 9.

Fig.6. In-house experimental set up                                      Fig.7. Results of tested parameters

Fig.8. Results of tested parameters                           Fig.9. Results of tested parameters
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The variation in the diameter of the rotor considers for getting more power. The area covered by the rotor and
wind speeds determines how much energy can harvest in a year. If twice the rotor diameter gets extended an
area which is four times larger. This signifies that you also get four times as much power from the rotor. For
the second trial basic specification is listed under Table 4.

The larger generator, of course, requires more power (i.e. strong winds) to turn at all. So if wind turbine
installs in a low wind area that maximizes annual power output by using a fairly small generator for a given
rotor size (or a larger rotor size for a given generator). This is a reason to get more output from a relatively
smaller generator in a low wind area is that the turbine will be running more hours during the year.

Table 4: Specification of blade Table

1 Blade Diameter 0.9m

2 Average wind speed 6m/s

3 Cp 0.45

4 Tip speed ratio 1.4

5 Material Aluminum

6 Density of the air 1.20 Kg/m3 / 3
7 Maximum revolutions 175 rpm

8 Thickness Gauge 26

9 Generator 3 Phase AC, (P.M)

Following trial gets an idea about increment in diameter of the blade power output tremendously changed as
compared to previous tested blade. Results are shown in below graphs.

Fig.10. In-house experimental set up Fig.11. Results of tested parameters
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Fig.12. In-house experimental set up Fig.13. Results of tested parameters

CONCLUSION
The research, investigation provides that, as the area covered by blade increases, the amount of power
extracted from the wind improves. A NMWT is of 450mm and 900mm diameter and the smaller aspect ratio
were developed for wider use in urban space. In this respect selected blade profile of the rotor is more
realistic. Also, this growth in power extraction helps in improving effectiveness. The cost invested in building
this setup is also less which improves its reliability as well as shortens the payback period. The results have
proven that almost 42W power can be generated at any point of time, which is capable of lightening 40W bulb
continuously. It is difficult to find the general solution of the shape of the rotor for the purpose of
reproduction/modification, etc. A NMWT has tremendous potential for power generation in a built up area. In
order to recognize its overall performance and eco-viability, a comprehensive study is required. The NMWT
starts generating power at an average wind speed of 1.5 m/s which is lower than the cut in speeds of most
wind turbines (usually varying between 3 to 4 m/s) currently available in the market. With the external load,
the variation in theoretical power output was 0 to 50 watts for wind speed ranging from 0 to 10 m/s in case of
In-house Testing. It was confirmed that 900 mm blade shows a good efficiency in the wind range of 1.5m/s to
10 m/s. As results of this study, it is shown that the increment in the novel blade numbers caused turbine
output power grown in the range of 40-50Watt.

It is considerate to enumerate mention here that field proof results justify the existence of a new concept in
wind turbine design. Further, it is the first model of the novel wind turbine, after successful lab testing it was
subjected to full-scale field testing, these field tests pointed out certain clues for improvement in design. It is,
therefore, concluded that the field test results should be viewed as the beginning of a new chapter in wind
turbine technology rather than giving an absolute measure of success or failure of the novel wind turbine.
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