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Abstract: Wind is an endless resource which is abundantly
foundin nature. Harnessing wind energy for producing el ectricity
is one of the ways for buildings for a sustainable future.
Small-scale wind turbines could be a reliable energy source for
usage in homes and in autonomous applicationsin locations that
arefar away from the grid power. Small wind turbines operating
at low wind speeds regularly face the problem of poor
performance due to small rotor size. To increase the power
production additional wind turbines are installed. This increases
the overall cost of the project. To reduce the cost and to improve
the efficiency, multiple rotors are connected through a single
shaft to the fixed single generator. The Implementation of this
design permits start up at lower wind speeds, increasing the
start-up torque and thusimproving the overall performance of the
turbine. This paper elaborates the design and fabrication of such
awind turbine. [1] [2] [3]

Keywords: Small-ScaleWind Turbines, Multiple Rotors, Single
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. INTRODUCTION

Nowadays producing carbon free electricity is the major
challenge in this world with the advent of climate change and
depletion of fuels. In the present scenario of steadily rising
electrical costs, installation of wind turbines at the roofs of
homes has the potential to reduce energy demand from the
grid. With the installation of right capacity wind energy
system at homes everyone can become energy independent.

[4]
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Fig.1 Wind turbine block diagram

Small-scale wind turbines can be installed in sites having
restrictions in space. To ensure maximum extraction of
power, the multi-rotor turbines have been designed and
analyzed to suit the requirements of low wind areas. When
wind turbines are placed a the place of consumption
preferably on the building parapet walls of homes and offices,
power |oss due to transmission from grid can be reduced. The
small-scale wind turbines generally consist of single rotor for
each generator. A key change in this design is the
incorporation of multiple rotors to a single generator. This
eliminates the cost of additional generator for each added
rotor. The mgjor advantage of this design is the ability to
connect any number of rotors to the single generator by
increasing the length of the shaft. The present work elaborates
the design and fabrication of such a wind turbine for home
application. Thisresearch work isfor generating electricity at
low wind speeds which can be used to power the electrical
requirements of a house. [3] [5]

Il. EXPERIMENTAL WORK

The purpose of present research is to provide a low-cost
solution for generating maximum power in low wind velocity
sites through a single generator with the help of multiple
rotors coupled to it by the extension of generator shaft. The
design of the wind turbine should satisfy the following
criteria: [6]

= Cost effectiveness
= Low maintenance
= Good lifetime

= Blade strength

= Lessweight

To achieve the above mentioned, objective study work has
been divided into five main parts:

¢ Design of Components

o Fabrication technique
o Experimental procedure

e Results and discussion
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Fig. 2 M odel Representation

1. WORKING PRINCIPLE

Wind turbines extract energy from the wind through
aerodynamic forces converting kinetic energy into revolving
energy through the rotation of shaft. The two major
aerodynamic principle forces used are drag and lift. [7]

IV. DRAG DESIGN

Drag applies a force on the body in the direction of the
relative flow. Thus, wind literally pushes the blades out of the
way. This means that it isimpossible for the turbine to rotate
faster than the wind. Drag powered wind turbines are
characterized by slower rotational speeds and high torque
capabilities. The volume of material needed to build an air
resistance wind turbine is much higher than for alift turbine.
This has negative consequences on the performance, cost and
installation. It has been proven by theoretical analyses and
field tests that air resistance wind turbines have a maximum
efficiency of only 15% [8]

V. LIFT DESIGN

Lift applies a force on the body perpendicular to the relative
flow. The lift blade designs employ the same principle that
enables airplanes, kites and birds to fly. The blade is
essentially an airfoil, orawing. When air flows past the blade,
awind speed and pressure differential is created between the
upper and lower blade surfaces. Pressure at the lower surface
isgreater and thus actsto "lift" the blade. These blades move
at right anglesto the wind direction, at a higher speed than the
actual wind speed. When blades are attached to a central axis,
like a wind turbine rotor, the lift is trandated into rotational
motion. The lift propelled turbine has high efficiency. The
maximum efficiency is59%, it also called the Betz limit. This
is the maximum power that can be extracted from the wind.
[91[10]
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Fig.3 Principle of wind turbine aerodynamic lift
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V1. DESIGN OF COMPONENTS

A. Blade

e |In case of horizontal axis wind turbines which are of lift
type, blades are installed to take advantage of lift forces.
Increasing the number of blades increases the efficiency
of the turbine. To archive maximum performance a
five-blade designisselected. Thus, atotal of ten bladesis
installed in two rotors.

e To avoid interference of wind flowing from one turbine
to the other, the two rotors are placed at a minimum
distance of 1.6 m. This enables the second rotor to
receive fresh wind despite the wind striking the first
rotor. Also, the rotors are angled in such a way that the
blades of the second rotor fill the gap of first rotor. [3]

e To reduce the weight of the blades composite material,
Glass Fiber Reinforced Polypropylene (FRP) has been
used for the fabrication of blades. This has contributed to
a low rotational inertia, which means that the wind
turbine can accelerate quickly if the winds pick up at
higher speeds. Also, using glass fiber reinforced plastics
for the fabrication; the blades can be easily be molded to
the required shape. Besides, fiber glass provides the
required stiffness for the blades. [6] [11].

e Thebladelengthisconsidered as per the designed power
output. For this, project a blade length of 425mm has
been used. The hub diameter is 150 mm. Thus, the
overall diameter of the turbineis 1000 mm.

Fig. 4 Fiber Reinforced Plastic (FRP) Blade

B. Height

The velocity of wind increases at higher altitudes hence it is
ideal to place the wind turbine on the roof top of home and
commercial buildings. Atypical two-story building has a
height of seven meters. This provides moderate wind speeds
which is enough to operate the small wind turbine.

C. Tower

e Thetower is the frame or supporting structure on which
the turbine and generator assembly is mounted. The
tower also provides the necessary elevation for the
turbine blades to clear the ground. Also, the tower height
can be increased to keep the turbine in strong winds.

e It must be noted that the tower must be placed away from
obstructions as it causes turbulence and thus drastically
reducing power output. [12]
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e Thetower has been constructed using steel. Rectangular
cross-section tube is used for the base while L-angle is
used for raising the tower height. It is on the L-angle
where the linear shaft which houses the generator and
turbine are mounted with the help of a Plummer block.
Using channel for base and L-angle for raising tower
height ensures that the frame is heavier at the bottom,
lowering the center of gravity. Steel material isused asit
iscostsless, and it provides the necessary weight for the
base to ensure the stability of structure under high wind
speeds.

e Inthisfabrication project the tower has been raised to a
height of one meter. Thus, theturbineiskept at an overall
height of eight meter which is approximately equal to 26
feet. [12]
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Fig. 5 Frame for mounting the Turbines

D. Generators

Generators are available in large output ratings. A
generator is selected after calculation of design power output
of wind turbine which is proportional to the length of the
blades. Longer the blades greater is the power output.

Table1l - Materialsused for the fabrication

Product Specification Quantity weight(kg) cost/kg | cost/piece | Total costin rupees
1 MS Channel 75X 50 X 6 mm 13000mm length | 92.86 455 4224
2 Bright Flat 25X 3 mm 1500mm length | 0.88 60 53
3 Bright Flat 25x 8 mm 750mm length 1.18 60 71
4 Bright Rod 25mm dia 2200mm length | 8.48 55 467
5 MSRod 50mm dia 100mm length 0.77 50 58
6 MS Circular Disk 150mm dia 15mm thick 4.16 60 250
7 Pillar Type Plumber Block 25mm Inner dia 3 pieces 205 615
8 Glass FRP Blade 435mm length 10 pieces 2000 20000
9 DC PMG 12v 300w 600rpm | 1 unit 11800 11800
10 | Battery 12v 42AH 2 unit 4000 8000
11 | Charge Controller 12v 20A 1 unit 1300 1300

Generators are broadly classified into AC and DC generator
under these categories there are various types which differ in
output specification and efficiency. A generator is chosen
after considering the intended use. An AC generator is used
for powering AC appliances it has output of either 120V or
240V at 50 or 60 hertz. While a DC generator is used for
powering DC appliances it has output of either 12V or 24V.
The power output from generator varies as the wind speed
changes hence a charge controller is connected to the
generator which stabilizes the output current. Since it is
desired to store the electricity for use when wind speed drops
drastically. So, a DC generator has been selected. As for
storing electricity only DC battery isavailable. If required, the
DC current from the battery can be converted to AC with the
help of DC to AC inverter. There are various types of DC
generator such as car generator has efficiency of 50%,
induction generator which has efficiency of 80% and
permanent magnet generator which has efficiency of 78%.
Considering optimum  performance, low cost and
maintenance a 12v permanent magnet generator of 250W is
selected based on design power output. [13]

A. Battery

Theload isatelevision which need 12V and 120W power.
It will be used of 5 hours a day. Considering worst case
situation, the required battery capacity is (120W) (5 h) / 12V
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= 50Ah. To ensure long battery life, the ideal percentage use
of battery is 60%. Thus, battery capacity is. 50Ah / 60% =
83Ah. The 83Ah battery can be obtained by connecting two
42Ah battery in parallel. [14]

B. Chargecontroller

A charge controller is connected intermediate to the
generator and the battery. Its function is to provide a stable
12V current to the battery by converting the fluctuating
voltage from the generator. The charge controller also
monitorsthe battery voltage to prevent overcharging and over
discharging. The charge controller uses pulse width
modulation to regulate the current flow in and out of the
battery. Whenever the battery voltage reaches 16V charging
is stopped. Also, when the battery voltage drops to 10.8V
discharging to the load is stopped. The charge controller also
protects the battery from high voltage during high wind
speeds. [15]. Table 1 shows the details of the materials used
for the fabrication.
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VII.

RESULTSAND DISCUSSIONS

Fig. 6 Multi-Rotor Wind Turbine

Calculation of wind power& Field Testing [1] [2] [5]

Power in the area swept by the wind turbine rotor:

P=*p*A*Cp*v3*n

Where:

P = power in watts

p= air density (about 1.1455 kg/m3 at 35¢)

A =rotor swept area, exposed to the wind = /R2

(Swept radius R= 0.5 m)

Cp = Coefficient of performance (.59 {Betz limit} isthe
Maximum theoretically possible, .35 for agood design)

V =wind speed in m/s (7.5m/sis the maximum recorded wind
Speed in our area)

n = number of rotors

Table 2 shows the power output measured from the turbine.

Table2 Wind Veocity vs RPM vs Power

wind velocity (m/s) | rpm | Power (w)
4 30 |15

5.8 90 |50

75 300 | 150

A 12v 300W 600rpm permanent magnet generator is used for
Power generation.

VIIl. CONCLUSION

Henceit can be seen that when multiplerotorsare added to a
linear shaft for a given rotor diameter, the power output is a
multiple of number of rotors. The multi rotor design can be
used for increasing the power production in location where
there are space restrictions. The key advantage of multirotor
design is that, when the rotors are added the torque is
multiplied however the speed remains the same this enables a
safer wind turbine which is suitable for homes. [2]

REFERENCES

1. Motiwala, Nawaz, and llyas Shaikh. "Design and fabrication of
domestic wind turbine." (2017).

2. Kae, Sandip A., and S. N. Sagpali. "Innovative Multi Rotor Wind
Turbine Designs.” International Journal of Mechanical Engineering and
Technology (IIMET) 3, no. 2 (2012): 730-739.

Retrieval Number F9528088619/20190BEIESP
DOI: 10.35940/ijeat.F9528.088619
Journal Website: www.ijeat.org

10.

11.

12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

3503

Unconventional wind turbines
(http://en.wikipedia.org/wiki/Unconventional_wind_turbinestcite not
el

Pavan Kumar H D , Vivekanada S B, Varun V, Sanjay Kumar G and
Anju Das. “Multi-Rotor Wind Mill Power Generation System”
International Journal of Engineering Technology Science and Research
4, Issue 9 (2017): 2394 — 3386

Multi- Rotor Wind Turbine by by Habib Abdulhadi Habib, Sadiq
Ibrahim and Abdullahi Rafukka

Wind Power Technology Second Edition by Joshua Earnest page 365
and 366

Wind Turbine Blade Efficiency And Power Calculation With Electrical
Analogy by Asis Sarkar And Dhiren Kumar Behera

Wind Turbine Blade Design by Peter J. Schubel and Richard J. Crossley
Working Principle of Wind Turbine Blades
(https.//www.grc.nasa.gov/wwwi/K-12/airplane/right1.html)

Working and Design details  of Wind Turbines
(https.//learnengineering.org/working-and-desi gn-detial s-of -wind-turbi
nes/)

A New Design Of Blade For Small Horizontal-Axis Wind Turbine With

Low Wind Speed Operation by Paramet Pathike, Thanad Katpradit,
Pradit Terdtoon and Phrut Sakulchangsatjatai

Wind Energy Conversion Systems by Gargi Sharma, Prem Chand
Gupta, Bharat B. Guptaand K. K. Dubey

Design & Fabrication of PVC Bladed Inexpensive Wind Turbine by
Vicky K Rathod and Prof.S.Y .Kamdi

Design of Hybrid Solar and Wind Energy Harvester for Fishing Boat by
D A Banjarnahor, M Hanifan, and E M Budi

How to Design Battery Charger Applications that Require charged
controllers and Related System-Level Issues Jul 22, 2002, Maxim
Integrated Products, Inc.
(https://www.bluepacificsolar.com/charge-controllers.html)

Thammaiah Gowda, Jagadeesha T, V.Dhinakaran,Optimization of
Design Parameters of Aircraft, "Wing Structure with Large Cut Outs
using Damage Tolerant Design and Finite element anaysis
Approach",International Journal of Recent Technology and Engineering
(IJRTE),Volume-8 Issue-1S2 (2019)

Sathish, T., Periyasamy, P., Chandramohan, D., Nagabhooshanam, N.,
"Modelling K-nearest neighbour technique for the parameter prediction
of cryogenic treated tool in surface roughness minimization”,
International Journal of Mechanical and Production Engineering
Research and Development, vol. 2018, no. Specia Issue, pp. 705-710,
2018.

Sathish, T., Periyasamy, P., Chandramohan, D., Nagabhooshanam, N.,
"Modelling of cost based optimization system E-O-L disassembly in
reverse logistics', International Journal of Mechanical and Production
Engineering Research and Development, vol. 2018, no. Specia Issue,
pp. 711-716, 2018.

Sathish, T., Muthulakshmanan, A., "Modelling of Manhattan K-nearest
neighbor for exhaust emission analysis of CNG-diesel engine", Journal
of Applied Fluid Mechanics, vol. 11, no. Specialissue, pp. 39-44, 2018.
Sathish, T., "BCCS Approach for the Parametric Optimization in
Machining of Nimonic-263 aloy using RSM", Materials Today:
Proceedings, vol. 5, no. 6, pp. 14416-14422, 2018.

Sathish, T., Vijayakumar, M.D., Krishnan Ayyangar, A., "Design and
Fabrication of Industrial Components Using 3D Printing", Materials
Today: Proceedings, val. 5, no. 6, pp. 14489-14498, 2018.

Madan, D., Sivekandhan, C., Sagadevan, S., Sathish, T., "Ocean wave
energy scenario in India’, International Journal of Mechanica and
Production Engineering Research and Development, vol. 2018, no.
Special Issue, pp. 582-590, 2018.

Sathish, T., Muthukumar, K., Palani Kumar, B., "A study on making of
compact manual paper recycling plant for domestic purpose’,
International  Journal of Mechanical and Production Engineering
Research and Development, vol. 8, no. Special Issue 7, pp. 1515-1535,
2018.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

&
Ie‘l.lrm ¢ |e\_\o\'."
WWW.IJEAT.ORG,

Exploring Innovation


http://en.wikipedia.org/wiki/Unconventional_wind_turbines#cite_note-1
http://en.wikipedia.org/wiki/Unconventional_wind_turbines#cite_note-1
https://www.grc.nasa.gov/www/K-12/airplane/right1.html
https://learnengineering.org/working-and-design-detials-of-wind-turbines/
https://learnengineering.org/working-and-design-detials-of-wind-turbines/
https://www.bluepacificsolar.com/charge-controllers.html

opsﬂanccsss
AUTHORSPROFILE

Dr.J.Jayapriya, Assistant Professor, Department of
Mathematics in Sathyabama Institute of Science and
Technology having .Currently guiding 1 PhD Scholar.
Having 20 years of Teaching Experienceand  Area of
Interest is Graph Labeling

Dr D Muruganandam is a Professor & head in
department of Mechanical Engineering at Jeppiaar
Institute of Technology. He published more than 36
International  journals. He have received many
champions award in SAE Sothern Section. Currently he

isamember in SAE India. He had delivered more than 50

guest lecturers at various engineering colleges.

D.Raguraman is a Associate Professor in department
of Mechanical Engineering at Jeppiaar Institute of
Technology. He published more than 12 International
journals. He completed Post Graduation in Production
Engineering from Annamalai University,
Chidambaram. He is an member in “Society of

Automotive engineering (SAE)”.
B. Senthil kumar has completed my Master’s degree in
B Manufacturing Engineering at Alagappa Chettiar College
of Engineering and Technology, Karaikudi in 2008 with
o University 2nd rank (82.47%) and Bachelor’s degree in
Production Engineering at Sethu Institute of Technology,
Virudhunagar in 2006 with 82%. | have more than 10
years of teaching experience in reputed institutions. Presently working as
Assistant Professor in Sri Sairam Engineering College,

V Dhinakaran is Associate Professor in the Department
of Mechanical Engineering, Chenna Institute of
Technology, Chennai, Tamil Nadu, India. His area of
research are welding, heat transfer, fluid mechanics and
CFD.

Retrieval Number F9528088619/2019©BEIESP
DOI: 10.35940/ijeat.F9528.088619
Journal Website: www.ijeat.org

3504

International Journal of Engineering and Advanced Technology (IJEAT)

I SSN: 2249-8958 (Online), Volume-8 I ssue-6, August, 2019

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

@""a

o
Ie‘”no " |,BU°\'
VWWW.IJEAT.ORG,

Exploring Innovation



