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---------------------------------------------------------------------***---------------------------------------------------------------------
Abstract -: Wind Turbines are the oldest known method used 
to extract energy from the natural sources (wind in this case). 
With the changing weather and wind speed, it is not possible 
to produce high constant power from the wind turbine but a 
small-scale wind turbine can be used to power small 
appliances at home, and in moving vehicles. This project looks 
into the designing aspects for an innovative small-scale wind 
turbine designed for supplying electricity. The report includes 
content on design, enhancement, power management, 
manufacturing methods. 

Key Words: wind turbine, small-scale wind turbine, non-
conventional, design and development.  

1. INTRODUCTION  

With increasing awareness of global warming due to Carbon 
Dioxide produced from the burning fuels of automobiles, the 
use of natural energy source is coming into effect. Engineers 
are adapting the use of natural sources (e.g. wind, solar, 
hydro) to generate electricity. The use of wind turbine is one 
of the oldest known methods of extracting the energy from 
natural sources. Wind turbines are not well considered 
because they heavily depend on the wind blowing along with 
the geographical disturbance however, a small-scale wind 
turbine can be used to power car appliances reducing the 
cost of fuel burnt to produce equal amount of electricity. 
Wind turbine extracts energy from the wind to generate 
electricity. Just like any engineering design poses challenges, 
installing wind turbine on automobiles also poses various 
challenges. This report looks into the current designs of the 
small-scale wind turbine along with the market requirement 
followed by the design of an innovative wind turbine system. 
In the report areas such as current designs, power 
generation, blade design etc. The report also considers the 
development complications limiting the design enhancement 
such as noise, aesthetics, material cost, maintenance and 
other issues. These are the issue which affect the design, 
manufacturing. 

2. The Wind & the Blades 

 2.1 Wind power calculations  

Kinetic Energy of mass in motion given by:  

     (1) 

But the power is the rate of change of energy:   

                                  (2) 

If the kinetic energy of the wind is considered to have 
constant velocity then the power of the wind can be 
calculated by: 

   where, 

                     (3)  

as shown in Fig.1 

Therefore,                       (4) 

Where ρ is the Density, A is the Sweap area and v is the 
Velocity of the wind.  

      

Fig:1: Sweap Area of blades 

The above calculation only helps us to find out the wind 
power with specific wind velocity. The wind turbine 
however does not extract all the power from the wind. Some 
of the energy is used to overcome the profile drag created by 
the blade geometry and the leftover energy is allowed to 
pass through as extracting all the energy from the wind 
would mean accumulation of static pressure particles aft of 
wind turbine blades. Imagine an ‘Axial Stream Tube’ around 
a wind turbine as shown in Fig 2 if the energy is extracted 
between stage 2 and 3, the pressure accumulation would 
divert the incoming flow around the blade rather than 
passing through the blades. By extracting the power, the 
turbine reduces the wind kinetic energy. Therefore, the air 
moves more slowly downstream of turbine compare to the 
upstream. This accumulates wind behind the turbine sweap 
area (downstream) as its moving slowly after the energy 
extraction. As a result, the approaching (upstream) wind 
diverts around the turbine blades to avoid slow moving air. 
For these very reason ‘there is an optimum amount of power 
to extract from a given disc diameter. [5]  
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2.2 Blades 

Betz’s limit places significant restriction on the power that 
can be extracted by the blades. The limitation means more 
blades there are, the less power each can extract. However, 
this allows us to reduce the blade length (span) and chord. 
‘The other factor influencing the number of blades is 
aesthetics: it is generally accepted that three-bladed turbines 
are less visually disturbing than one or two-bladed designs. 
Also, the number of blades adds to the weight which creates 
moment about the center (mast or pillar). This moment is 
counter acted by the moment generated by the weight of the 
tail fin. Therefore, increasing the number of blades would 
also require increasing the weight of the tail fin by changing 
the geometry or the distance its acting at from the center or 
by using a denser material for the tail fin. Blades generate lift 
and this lift provides acceleration for the angular rotation 
[5]. Hence the reason blades need to be manufactured 
precisely and increasing the number of blades would 
increase the cost of manufacturing.   

 

Fig-2: Airfoil structure of the blade. 

3. PERMANENT MAGNET GENERATOR 

Small scale wind power requires a cost effective and 
mechanically simple generator in order to be reliable energy 
source. The use of direct driven generators instead of geared 
machines reduces the number of drive components, which 
offers the opportunity to reduce the number of drive 
components. Also it offers the opportunity to reduce the 
costs and increase system reliability and efficiency. For such 
applications, characterized by low speed is particularly 
situated, since it can be design with a large pole number and 
high torque density. The most efficient type of generators 
matching the above criteria is the permanent magnet 
generators.  The permanent magnet synchronous generators 
are constructed in different ways. Two design characteristics 
of a construction type are:  

(a) The orientation of the magnetic flux within the    machine.  

(b) The type of rotor construction with permanent magnets.  

3.1 Longitudinal or Transversal  

           

Fig-3- Longitudinal or transversal Generator 

Transversal flux machines are manufactured by mounting 
the plane of flux path perpendicular to the direction of rotor 
motion. The transversal flux machines can used in 
applications where required high torque density 
requirements. The transversal flux machines can 
independently adjust the current loading and the magnetic 
loading. The main disadvantage of transverse PMSG is that 
high leakage flux results in poor power factor; this can be 
avoided by reducing the number of poles where in turn 
reduces torque density. Another drawback in rotating 
transverse PMSG is the mechanical construction is weak due 
to large number of parts. 

3.1.2Inner Rotor or Outer Rotor  

The common rotor topology is acquired by mounting the 
PM’s on the rotor surface. This is called a surface mounted 
permanent magnet rotor construction. This construction 
requires to shape the magnets in a circular arrangement. 
There are two types of rotor magnetic inner rotor and outer 
rotor. The outer rotor machines are constructed by placing 
the rotor surrounds the stator. The magnets are mounted on 
the inner circumference of the rotor. In the outer rotor 
machine, the rotor has higher radius compared with the 
stator and it can be equipped with higher number of poles 
for the same pole pitch. Another advantage is that the 
magnets are well supported despite the centrifugal forcealso, 
a better cooling of magnets is provided. Fig-4 shows an inner 
rotor PMSG and an outer rotor PMSG.  

 

Fig-4: Inner and outer rotor 

 

1. DESIGN AND MANUFACTURE 
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4.1 Structural design 

The design of the dc wind turbine is simple yet unique, the 
structure has been made for automobiles and household 
installation. For structural integrity a flat aerodynamic shape 
had been put into use. Material use for the structure and the 
blades are PVC, which is durable and flexible at the same 
time and can withstand heavy windspeed. The components 
needed to build the wind turbine are shown in Fig5. While 
the assembly of the design is presented in Fig 6.and the fully 
assembled product in working condition is shown in Fig 7. 

 

Fig-5: Components for the structure 

 

Fig-6: Completed structure 

 

Fig-7: Device in working condition 

4.2 Circuit design 

 

 
 

Fig-8: Circuit Design of the system 

5. Results 

The design of this miniature wind turbine is made to 
withstand the variable speed of the wind exerted if installed 
in a moving vehicle as well as generate optimum power up to 
the capacity of the wind turbine. The input voltage from the 
generator is fed into the booster circuit. Thus, obtaining the 
output voltage (step up). Thus, measuring the wind speed a 
maximum value of power generation is shown in the 
following Table Fig-8, The voltage on the circuit can be 
varied manually by the use of the potentiometer that is 
present in the circuit. Thus it is compatible for various small 
usage in automobiles like break lighting, indicators etc. and 
with greater generating capacity it can also be used for 
charging devices, and excess can be stored into secondary 
batteries. 

 

Table-1 
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Fig -9: V-I characteristics of input power 

 

Fig -10: V-I characteristics of output power 

6. CONCLUSIONS 

In this work, a single phase dc motor has been implemented 
with a booster converter . Several outstanding features of the 
developed wind turbine are low input voltage, high output 
voltage, efficiency is remarkable, compact design, easy 
installation on any automobile and is targeted to low voltage 
application mainly for automobile and some household uses. 
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