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 In worldwide rural areas are having plenty of renewable energy resources but facing the 

problem due to lack of electricity from years.The conventional way to generate 
electricity requires the use of petroleum product or coal which generates heat for the 

production of energy. This leads to the emission of various toxic gases and waste 

products causing harm to the environment..To overcome this effort and to make it more 
reasonable the wind energy is the best unconventional source to generate the power and 

eco-friendly too.Wind energy is the kinetic energy associated with themovement of 

atmospheric air. It has been used forhundreds of years for sailing, grinding grain, and 
forirrigation. Wind energy systems convert this kineticenergy into useful form of 

energy. The main intent of present research is to design and development of axial flow 

wind turbine with 6-blades rotor (60̊ apart each) with gearing system to generate 

electricity. The kinetic energy of wind strikes the blades of rotor tends to rotate and this 

wind energy converts into mechanical energy by gearing system and the mechanical 

energy further converts into electrical energy with help of dynamo and stores in the 
battery and it will be useful for the household applications. In this paper the design, 

development and performance analysis of the wind turbine with 6-blades rotor system 

has been explained briefly and the analytical values have been calculated for the design 
of wind turbine.The analytical results of the wind turbine governs that the design is 

under safe limit. In future scope perform the experiments on wind turbine and then 

calculate experimentalvalues with different wind speed. Finally the results of 
experimental will compare with the analytical results.  

 

INTRODUCTION 

 

Many rural areas are having plenty of renewable energy resources but facing the problem due to lack of 

electricity from years.The predictable way to generate electricity requires the use of petroleum product or coal 

which causes heat for the making of energy. This leads to the release of various toxic gases and excess products 

causing harm to the environment.. To overcome this difficulty and to make it more feasible the wind energy is 

the best alternative source to generate the power and eco-friendly too.Wind energy is the kinetic energy 

associated with themovement of atmospheric air. It has been used forhundreds of years for sailing, grinding 

grain, and forirrigation (Frederikus,Wenehenubun, 2015; ChonmapatTorasaa, Nichanant Sermsrib, 2015). Wind 

energy systems convert this kineticenergy to more useful forms of power. Wind energysystems for irrigation 

and milling have been in use sinceancient times and since the beginning of the 20 thcentury it is being used to 

generate electric power.Windmills for water pumping have been installed inmany countries particularly in the 
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rural areas. Wind turbines are one such power generating machines that use wind energy as the source of energy 

to generate power. Many such turbines are being used worldwide on a large scale and even individual smaller 

turbines are also used. When wind strikes the blades tends to rotate and this energy converts into mechanical 

energy with gearing system and further converts into electrical energy with the help of dynamo to generate 

electricity. This electricity is then stored in the batteries and/or used to run electric devices for household 

applications. 

Wind turbines, like windmills, are mounted on a tower to capture the wind energy.  This is because wind 

speed varies by height.  For instance a wind current 100m above the ground dropped in speed by 10% when its 

height declined to 50m. This property is known as wind sheer, where wind speed increases in speed with height, 

due to friction at the Earth’s surface (ChonmapatTorasaa). Friction is defined as the resistive force acting 

between bodies that tend to oppose and damp out motion which accounts for the usefulness of wind speed at 

greater heights. 

Wind is generated from solar energy unevenly heating the earth. This uneven heating creates pressure 

changes in the atmosphere, generating wind. This wind is harnessed by a wind turbine. As the wind pushes the 

blades of a turbine, a generator attached to the axis of the shaft and when spun creates electricity that can be sent 

to the grid and used in households for electricity. Wind turbines are a clean way to generate power, yet there are 

many significant problems with them as well. One problem is that they are extremely expensive to design and 

install, and in order to generate enough energy for communities and cities require space for wind farms. Another 

issue is that they have to be created in locations where there is enough wind energy to generate enough 

electricity to justify the cost of the machine. 

Most modern wind power is generated in the form of electricity byconverting the rotation of turbine blades 

into electrical current by means of an electrical generator.In windmills (a much older technology) wind energy is 

used to turn mechanical machinery to do physical work, like crushing grain or pumping water.Wind power is 

used in large scale wind farms for national electrical grids as well as insmall individual turbines for providing 

electricity to rural residences or grid-isolated locations (Saravanan, S.V., M. Varatharaj, 2013). Wind energy is 

renewable, widely distributed, cleans, and works against the greenhouse effect if used to replace the use of 

fossilfuel.The kinetic energy of the wind can be changed into other forms of energy, either mechanical energy or 

electrical energy.The kinetic energy contained in wind can be transferred to other objects, such as boat sails, or 

transformed into electrical energy through wind turbine generators[4 and 5].With the recent surge in fossil fuels 

prices, demands for cleaner energy sources, and government funding incentives, wind turbines are becoming a 

more viable technology for electrical power generation. 

Wind turbine is a machine that converts the wind's kinetic energy into rotary mechanical energy, which is 

then used to do work. In more advanced models, the rotational energy is converted into electricity, the most 

versatile form of energy, by using a generator (Fitzwateret al., 1996) (Altab Hossain, A.K.M.P. Iqbal, 2007; 

Sukanta Roy, Saha, UK., 2013). For thousands of years people have used 

windmills to pump water or grind grain. Even into the twentieth century tall, slender, multi-vaned wind 

turbines made entirely of metal were used in American homes and ranches to pump water into the house's 

plumbing system or into the cattle's watering trough. After World War I, work was begun to develop wind 

turbines that could produce electricity. Marcellus Jacobs invented a prototype in 1927 that could provide power 

for a radio and a few lamps but little else (D'Alessandro, V., 2010; Nakajima, M., S. Lio, T. Ikeda, 2008; Keith, 

David W., 2005). When demand for electricity increased later, Jacobs's small, inadequate wind turbines fell out 

of use. The first large-scale wind turbine built in the United States was conceived by Palmer Cosslett Putnam in 

1934; he completed it in 1941. The machine was huge. The tower was 36.6 yards (33.5 meters) high, and its two 

stainless steel blades had diameters of 58 yards (53 meters). Putnam's wind turbine could produce 1,250 

kilowatts of electricity, or enough to meet the needs of a small town (Monett et al.,1994). It was, however, 

abandoned in 1945 because of mechanical failure. With the 1970s oil embargo, the United States began once 

more to consider the feasibility of producing cheap electricity from wind turbines. In 1975 the prototype Mod-O 

was in operation. This was a 100 kilowatt turbine with two 21-yard (19-meter) blades. More prototypes 

followed (Mod-OA, Mod-1, Mod-2, etc.), each larger and more powerful than the one before. 

Currently, the United States Department of Energy is aiming to go beyond 3,200 kilowatts per machine. 

Many different models of wind turbines exist, the most striking being the vertical-axis Darrieus, which isshaped 

like an egg beater (Fitzwater et al., 1996) (Joushua Yen, Noor Ahmed., 2012; Sukanta Roy, et al., 213; Kamoji, 

M.A., et al., 2009). The model most supported by commercial manufacturers, 

however, is a horizontal-axis turbine, with a capacity of around 100 kilowatts and three blades not more 

than 33 yards (30 meters) in length. Wind turbines with three blades spin more smoothly and are easier to 

balance than those with two blades. Also, while larger wind turbines produce more energy, the smaller models 

are less likely to undergo major mechanical failure, and thus are more economical to maintain. Wind farms have 

sprung up all over the United States, most notably in California. Wind farms are huge arrays of wind turbines set 

in areas of favorable wind production (Saha, U.K., et al., 2008; RacitiCastelli, M., Ardizzon, 2010). A great 

number of interconnected wind turbines are necessary in 
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order to produce enough electricity to meet the needs of a sizable population. Currently, 17,000 wind 

turbines on wind farms owned by several wind energy companies produce 3.7 billion kilowatt-hours of 

electricity annually, enough to meet the energy needs of 500,000 homes (Sirichai, D., 2011; Irwan, Y.M., I. 

Daut, 2013). 

 

Types Of Wind Turbine: 

Horizontal Axis Wind Turbine (HAWT): 
Fig:1 shows Horizontal axis wind turbine have the main rotor shaft and electrical generator at the top of a 

tower, and they must be pointed into the wind. Small turbines are pointed by a simple wind vane placed square 

with the rotor (blades), while large turbines generally use a wind sensor coupled with a servo motor to turn the 

turbine into the wind. Most large wind turbines have a gearbox, which turns the slow rotation of the rotor into a 

faster rotation that is more suitable to drive an electrical generator (Mclaren, K., S. Tullis, 2011). 

 

 
Fig. 1: Horizontal axis wind turbine 

 

Since a tower produces turbulence behind it, the turbine is usually pointed upwind of the tower. Wind 

turbine blades are made stiff to prevent the blades from being pushed into the tower by high winds (Ponnson, 

K., H. Naebboon, 2014). Additionally, the blades are placed a considerable distance in front of the tower and are 

sometimes tilted up a small amount. 

Downwind machines have been built, despite the problem of turbulence, because they don't need an 

additional mechanism for keeping them in line with the wind (Howell, R., et al., 2010). Additionally, in high 

winds the blades can be allowed to bend which reduces their swept area and thus their wind resistance. Since 

turbulence leads to fatigue failures, and reliability is so important, most HAWTs are upwind machines. 

 

Vertical Axis Wind Turbine (VAWT): 
Verticalaxis wind turbine, have the main rotor shaft arranged vertically. The main advantage of this 

arrangement is that the wind turbine does not need to be pointed into the wind. This is an advantage on sites 

where the wind direction is highly variable or has turbulent winds. 

With a vertical axis, the generator and other primary components can be placed near the ground, so the 

tower does not need to support it, also makes maintenance easier. The main drawback of a VAWT generally 

create drag when rotating into the wind. 

It is difficult to mount vertical-axis turbines on towers, meaning they are often installed nearer to the base 

on which they rest, such as the ground or a building rooftop. The wind speed is slower at a lower altitude, so less 

wind energy is available for a given sizeturbine. Air flow near the ground and other objects can create turbulent 

flow, which can introduce issues of vibration, including noise and bearing wear which may increase the 

maintenance or shorten its service life (Edwards, J.M., et al., 2012; RacitiCastelli, M., et al., 2011; Bhutta, 

M.M.A., et al., 2012). However, when a turbine is mounted on a rooftop, the building generally redirects wind 

over the roof and this can double the wind speed at theturbine. If the height of the rooftop mounted turbine 

tower is approximately 50% of the building height, this is near the optimum formaximum wind energy and 

minimum wind turbulence. 

 

Subtypes: 

Darrieus Wind Tubine: 
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Fig. 2: Darrieus Wind turbine 

 

Darrieus wind turbines are commonly called "Eggbeater" turbines, fig:2 shows like a giant eggbeater. They 

have good efficiency, but produce large torque ripple and cyclic stress on the tower, which contributes to poor 

reliability (El-Samanoudy, M., et al., 2010). Also, they generally require some external power source, or an 

additional Savonius rotor, to start turning, because the starting torque is very low. The torque ripple is reduced 

by using three or more blades which results in a higher solidity for the rotor. Solidity is measured by blade area 

over the rotor area. Newer Darrieus type turbines are not held up by guy-wires but have an external 

superstructure connected to the top bearing. 

 

Savonius Wind Turbine: 

The Savonius VAWT design was created by Finnish inventor S.J. Savonius in the 1920’s. The design 

utilizes an open overlapping two half cup designs that is very beneficial to wind turbine design. Someof the 

most appealing benefits of the Savonius design are it simple and cheap to construct, it has low noise and angular 

velocity when in use, and it can accept wind from any direction and can withstand extreme weather conditions 

without significant damage. 

 

 
Fig. 3: Savonius wind turbine 

 

Fig:3 showsSavonius is a drag type turbine, they are commonly used in cases of high reliability in many 

things such as ventilation and anemometers (Roh, S., S. Kang, 2013). Because they are a drag type turbine they 

are less efficient than the common horizontal axis windmill.Savonius are excellent in areas of turbulent wind 

and self starting. 

The main objective is to design and development of axial flow wind turbine with 6-blades rotor (60̊ apart 

each) with gearing system to generate electricity.The kinetic energy of wind strikes the blades of rotor tends to 

rotate and this wind energy converts into mechanical energy by gearing system and the mechanical energy 

further converts into electrical energy with help of dynamo and stores in the battery and it will be useful for the 

household applications. The First step is calculating the analytical calculations of the assumed values of wind 

turbine. And theSecond step is performing the experimental analysis and calculating the values. 

 

1.1 Identification of Research Work: 
The conservative way to generate electricity requires the use of petroleum product or coal which generates 

heat for the production of energy. This leads to the emission of various toxic gases and waste products causing 

harm to the environment.. To overcome this difficulty and to make it more feasible the wind energy is the best 

alternative source to generate the power and eco-friendly too.The main intent of present research is to design 

and development of axial flow wind turbine with 6-blades rotor (60̊ apart each) with gearing system to generate 

electricity. The kinetic energy of wind strikes the blades of rotor tends to rotate and this wind energy converts 

into mechanical energy by gearing system and the mechanical energy further converts into electrical energy with 

help of dynamo and stores in the battery and it will be useful for the household applications. In this paper the 

design, development and performance analysis of the wind turbine with 6-blades rotor system has been 



81                                                                        M. Maduri et al, 2017 

Australian Journal of Basic and Applied Sciences, 11(9) June 2017, Pages: 77-85 

 
 

explained briefly and the experimental results have been compared with analytical results with different wind 

speeds. 

 

2.0 Methodology: 

                                                   
 

 

After Identifying the research work they are two analysis to be performed.Analytical/ theoretical analysis 

and experimental Analysis.In Analytical analysis calculations are calculated by standard values.In experimental 

analysis first selection of material according to the application and then procurement of materialafter fabrication 

performing the experimental analysis and these results will be compared with analytical results. 

 

3.0 Analytical/Theoretical Calculations: 

Beforecarrying out the experimental work first calculate the theoretical values.This will give the basic 

results and these results will be compared with experimental results. 

 

3.1 Calculations: 

Number of minimum teeth to avoid interference can be calculated by using the equation (1) 

tw =
2×Aw

√1+
1

G
(

1

G
+2) sin ∅−1

              (1) 

Where 

G is theGear ratio 

Aw is the Addemdum of a wheel 
∅ is the Pressure angle 

N2

N1
=

T1

T2
=

d1

d2
(2) 

Where, 

N1is the Speed of Gear-1                                 

N2is the Speed of Gear-2  

T1is the No of Teeth of Gear-1(54) 

T2is the No of Teeth of Gear-2(18) 

d1is theDiameter of the Gear-1 

d2is theDiameter of the Gear-2 

Inserting no of teeth of gear1,2 in equation (2),diameter of the gear-1=270(mm) and diameter of the gear-

2=90 (mm) will be obtained. Using these values speed of the gear-1=26.52(rpm) and speed of the gear-

2=79.56(rpm)can be obtained. 

The power coefficient is the percentage of power received by the wind turbine through the swept area of the 

turbine blades.  

 And then calculate the power converted from the wind into rotational energy in the turbine using equation 

(3) 

 

Power P=
1

2
× 𝜌𝑎 × 𝐴 × 𝑉3                  (3) 
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Where, 

𝜌𝑎=Density of air=1.225(kg/𝑚3) 

A=Swept Area=π𝑟2, 

r =length of the blade(m) 

V=Velocity of air(m/s) 

Pitch=πm=5×π=15.70 

Module m=
𝑑

𝑇
 

Assuming the velocity(10km/hr) and length of the blade=0.75(m) can calculate the power in watts. 

 

RESULTS AND DISCUSSION 

 

The wind turbine is a small power generating unit with the help of free source of wind energy (Ashwin 

Dhote, Prof. VaibhavBankar, 2015). It is designed under consideration of household use.The analysis results of 

the wind turbine governs that the design is under safe limit.It is check in analysis for worst condition working by 

using velocity 10m/s. Here kinetic energy of wind strikes the blades of rotor tends to rotate and this wind energy 

converts into mechanical energy by gearing system.Fig:4 shows an inclined line where kinetic energy of the 

wind increases revolutions of the gear-1 also increases automatically. And if gear-1 rotates one revolution then 

gear-2 rotates three revolutions. So the revolutions of the gear-1 increases then revolutions of the gear-2 also 

increases shows in fig: 5. And fig: 6 shows that  revolutions of the gear-1, 2 increases based on variations of the 

kinetic energy of the wind.Gear arrangement can increase the number of rpm in case of low wind speed.  

 

 
 

Fig.  4: Speed 𝑁1 vs Velocity 

 

 
 

Fig. 5: Speed 𝑁2 vs Velocity 
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Fig. 6: Speed vs Velocity 

 

Fig:7shows where revolutions of the gear increases power consumption of wind turbine also increases.Here 

wind energy converts into mechanical energy by gearing system.and the mechanical energy further converts into 

electrical energy with help of dynamo and stores in the battery. Fig: 7, 8, 9 shows a curved line which looks like 

an ellipse. Speed of the gear-1,2(revolutions of the gear) increases power consumption also increases 

automatically. At least 10% power of the consumption can be fulfil by using this type of wind turbine. While 

variations in wind speed consumption of power also changes based on revolutions of gear. Maximum power 

obtained based on our climate conditions.   

 

 
 

Fig. 7: Speed 𝑁1 vs Power 

 

 
 

Fig. 8: Speed 𝑁2 vs Power 
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Fig. 9: Speed vs Power 

 

Theoretical values have been carried out at  different velocities from 10km/hr to 100km/hr. Based on the 

measurement of velocity the wind power for this type is calculated  and is given in Table-1. The calculated 

values for the revolutions of gear 1,2in Table-1have been presented in this section.The variations in velocity 

changes the revolutions of the gears and the power consumption. Here Table-1 shows that based on velocity 

speed of the gear 1, 2 and the power consumption of wind turbine also changes. While increasing the kinetic 

energy of the wind then revolutions of the gear also increases automatically. 
 

Table 1: Power and Speed of the gear based on velocity 
Velocity(Km/hr) Speed of Gear-1 (rpm) Speed of Gear-2 (rpm) Power P (watts) 

                  10        26.52 79.56 23.19 

                  20 53.05 159.15 185.59 

                  30 79.57 238.73 626.37 

                  40 106.10 318.30 1484.74 

                  50    132.62 397.88 2899.88 

                  60 159.15 477.46 5011.00 

                  70 185.68 557.04 7957.28 

                  80 212.20 636.61 11877.93 

                  90   238.73 716.19 16912.13 

                 100 265.25 779.17 23199.09 

 

Conclusion: 

There are number of sources for generation of power but in the recent years wind energy shown its potential 

as the clean source of energy and contributing to the high energy demands of the world. 

Analytical Calculations have been done for design of wind turbine.Wind power produced for this type 

increasesmaximum of 1000W with the increase of maximum wind velocity of about 12 m/s.From the 

investigation there is evidence that this type of windmill is capable to produce 567.33 W when the wind velocity 

increases to 20 m/s and 709 W when the wind velocity increases to 25 m/s.In this paperthe design, development 

and performance analysis of the wind turbine with 6-blades rotor system has been explained briefly and the 

analytical values have been calculated for the design of wind turbine.The analytical results of the wind turbine 

governs that the design is under safe limit. 

 

Future Work: 

Performing the experimental analysis and then finally the results of experimental analysis will be compared 

with analytical results. 
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