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Abstract

This paper presents the design component aspect of a magnetically levitated vertical axis wind turbine. Using the effects of
magnetic repulsion, spiral shaped wind turbine blades will be fitted on a rod for stability during rotation and suspended on magnets
as a replacement for ball bearings which are normally used on conventional wind turbines. Maglev wind turbines have several
advantages over conventional wind turbines. For instance, they’re able to use winds with starting speeds as low as 1.5 meters per
second (m/s). Also, they could operate in winds exceeding 40 m/s. This type of wind setup does not require any significant land
for installation, as its can be easily incorporated in rooftop, tower, and buildings. The VAWT is defined by an axis perpendicular
to the unperturbed flow direction. It is considered that the blades carry their own weight leading to a reinforced root region. During
operation the blades experience aerodynamic and inertia forces, which are deflecting the blades outwards, leading to an alternation
of the aerodynamic loads. The interplay of load alternation and blade deflection could lead to a diverging flutter motion. After a
fitting design is obtained, the blade motion has to be inspected for a safe use during operation.
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I. INTRODUCTION

Energy is important for the development of human civilization. As conventional energy exhausts, the development of clean and
renewable energy, such as wind and solar becomes ever important to people’s live. The wind power has been harnessed by mankind
for a long time and the associated technology is more advanced than other clean energies. Nowadays wind power increasingly
attracts interests and its utilization has entered a rapid development stage.

Its main advantage is that it uses frictionless bearing and magnetic levitation design and is does not need a vast space required
by more conventional wind turbine. It also requires little if any maintenance. Currently the largest conventional wind turbines in
the world produce only five megawatts of power.

However, one large maglev wind turbine could generate one GW of clean power, enough to supply energy to 750,000 homes.

Il. MAGNETIC LEVITATION

In selecting the vertical axis concept for the wind turbine that is implemented as the power generation portion of this project,
certain uniqueness corresponded to it that did not pertain to the other wind turbine designs. The characteristic that set this wind
generator apart from the others is that it is fully supported and rotates about a vertical axis. This axis is vertically oriented through
the centre of the wind sails, which allows for a different type of rotational support rather than the conventional ball bearing system
found in horizontal wind turbines.
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Fig. 1: Simple Magnetic Levitation
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Fig. 2: Basic Placement of magnet

I11. BASIC DESIGN

The wind turbine parameters considered in the design process are:
1) Swept area
2) Power and power coefficient
3) Tip speed ratio
4) Blade chord
5) Number of blades
6) Solidity
The wind turbine works on the principle of converting kinetic energy of the wind to mechanical energy. The kinetic energy of
any particle is equal to one half its mass times the square of
its velocity, K.E=Y2mv2 Where,
K.E = Kkinetic energy m = mass
v = velocity,
M is equal to its Volume multiplied by its density _ of air M =_AV
We get,
KE=%_AV.V2
K E =% _AV3watts. Where,
A= swept area of turbine.
_=density of air (1.225 kg/m3) V=wind velocity.
For 35 Watt power, calculate design parameters of turbine, P=35 watts.
Considering turbine efficiency as 25% and generator efficiency 85%,
P =35/ (0.25*0.85) P= 166 watts.
=% AV3
For wind velocity 6.67 m/s (18mph) Density of air (1.225 kg/m3)
166 = %*1.125*A*(6.67)3 A=1 Sg.m
A =D*H (Sq.m)
D= diameter of the blade
Taking diameter as 1 meter, height of turbine can be calculated as 152
H=A/D =1/1 H =1m.
Diameter and height of wind turbine are 1m and 1mz2.

A. Design of Turbine Blades

Wing width= diameter*0.14
=1*0.14
=0.140m = 140 mm
Wing chord = circumference*.09
= *1*.09
0.282m = 282mm the effective functioning of a wind turbine is dictated by the wind availability in an area and if the amount of power it
has is sufficient enough to keep the blades in constant rotation.
The wind power increases as a function of the cube of the velocity of the wind and this power is calculable with respect to the
area in which the wind is present as well as the wind velocity.
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Kinetic energy [11](K.E)= 0.5 mv2 Amount of Air passing is given by

M=PAV @)
Substituting this value of the mass in expression of K.E.
K.E=0.5 pAV3 WattS .ot 2)

To convert power to kilo watt a non-dimensional proportionality constant k is introduced where, k = 2.14 X 10-3
Therefore
Power in KW (P) =2.14pAv3 x 1073....... (3)
Where
m = mass of air traversing
Air Density (p) = 1.2 kg/m3
Area (A) = area swept by the blades of the turbine Velocity (V) = wind speed

IV. MAGNETIC SELECTION

Certain materials found in nature exhibit a tendency to attract or repeal each other. These materials called magnets are also called
ferromagnetic because they include the element iron as one of their constituting elements. Magnets always have two poles north
& south. Like poles always repel each other. However, unlike poles attract each other. A magnetic field is defined as a physical
field established between two poles. Its intensity and direction determine the forces of attraction or repulsion existing between the
two magnets. Some factors need to be considered in choosing the permanent magnet selection that would be best to implement the
maglev portion of the design. Understanding the characteristics of magnet materials and the different assortment of sizes, shapes
and materials is critical.

V. NEODYMIUM MAGNET
A neodymium magnet (also known as Nd-Fe-B, Nib or Neo magnet), the most widely used type of rare-earth magnet, is a
permanent magnet made from an alloy of neodymium, iron and boron to form the Nd2Fe14B tetragonal crystalline structure.

60: Neodymium 2,8;:18;
22,8,2

Fig. 4: Disc Type Neodymium Magnet
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Neodymium magnets are metal, and they are coloured silver, like most other metals. Neodymium magnets are graded according
to their maximum energy product. Higher values indicate stronger magnets and range from N35 up to N52. This is the most
powerful permanent magnet humans have discovered so, per unit of size,

Nd-Fe-B magnets provide the strongest magnetic field available without the use of an electro-magnet. A neodymium magnet
can lift more than any other type of magnet of the same size.

VI. MODELLING

Wind power devices are used to produce electricity, and commonly termed wind turbines. The orientation of the shaft and rotational
axis determines the classification of the wind turbines. A turbine with a shaft mounted horizontally parallel to the ground is known
as a horizontal axis wind turbine or (HAWT). A vertical axis wind turbine (VAWT) has its shaft normal to the ground.
Configurations for shaft and rotor orientation The two configurations have instantly distinguishable rotor designs, each with its
own favorable characteristics. Vertical-axis wind turbines (VAWT) can be divided into two major groups: those that use
aerodynamic drag to extract power from the wind and those that use lift. The advantages of the VAWTS are that they can accept
the

Fig. 5: Practical model of vertical axis wind turbine

Fig. 6: Neodymium Magnet

Wind from any direction. This simplifies their design and eliminates the problem imposed by gyroscopic forces on the rotor of
a convectional machine as the turbine tracks the wind. The vertical axis of rotation also permits mounting the generator and drive
train at ground level [2]. The disadvantages of this type of rotors is that it is quite difficult to control power output by pitching the
rotor blades, they are not self — starting and they have low tip-speed ratio [3]. Horizontal — axis wind turbines (HAWT) are
convectional wind turbines and unlikely the VAWT are not omni directional. As the wind changes direction, HAWTs must change
direction with it. They must have some means for orienting the rotor with respect to the wind.
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VII.ANALYSIS

The Darrieus wind turbine is a type of vertical axis wind turbine (VAWT) used to generate electricity from the energy carried in
the wind. The turbine consists of a number of curved aerofoil blades mounted on a vertical rotating shaft or framework. The
curvature of the blades allows the blade to be stressed only in tension at high rotating speeds. There are several closely related
wind turbines that use straight blades. This design of wind turbine was patented by Georges Jean Marie Darrieus, a French
aeronautical engineer in 1931. There are major difficulties in protecting the Darrieus turbine from extreme wind conditions and in
making it self-starting.

Fig. 7: Vertical axis wind turbine

Parameters Values
Number of blades(N) 3
Rotor radius (r) 1.25m
Height of rotor (h) 3
Chord (c) 0.4m
Aerofile profile NACA0015
Free stream wind speed | 6,8,10m/s

VIIl. RESULT AND DISCUSSION

This section describes the results of our testing and shows how we compared our split Savonius design with the previous 4 flat
bladed design and aerofoil designs. The results also address the use of having funnels attached to shrouds, in hope of increasing
power output. Lastly, the results will show the analysis of the vibration testing performed on the model house.

Data has been collected by the use of digital anemometer at different location on the highway medians. The changes were
recorded at different height and different location. The graph given below gives the actual data collected in highway fo wind
velocity at different height during certain interval of time.

The input power can be calculated by using the formula
P=M*®
Where, M- Input torque
- Angular velocity
The angular velocity can be calculated by knowing the rpm of the blade shaft and the torque can be calculated by knowing the

velocity of the wind. ,
TR, —— - ’_—_—-____’____.—-‘

Fig. 8: Output waveform before & after rectification.

Al rights reserved by www.ijirst.org 230



A Novel Method Design of Vertical Axis Wind Turbine by using Magnetic Levitation
(1JIRST/ Volume 4 / Issue 1/ 038)

IX. CONCLUSIONS

At the end of the project, the magnetically levitated vertical axis wind turbine was a success. The rotors that were designed
harnessed enough air to rotate at low and high wind speed while keeping the centre of mass closer to the base yielding stability.
The wind turbine rotor levitated properly using permanent magnets, which allowed for a smooth rotation with negligible friction.

Generator satisfied the specifications needed to supply the LED load. An output ranging from 40V to 45V was obtained from
the magnetic levitated vertical axis wind turbine prototype. A modified design of savonius model wind turbine blade was used in
the construction of the model. An aluminium shaft was used to avoid the wob-bling movement of the rotor. Overall, the magnetic
levitation wind turbine was a successful model
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