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TO REDUCE WEIGHT AND TO IMPROVE 
EFFICIENCY OF VERTICAL AXIS WIND 

TURBINE 
TusharTembhare,DipendraTambde,GaneshShelar,Ratan Kumar Singh A 

 

Abstract—Abstract -Due to development of all the country now a day’s all the country requires good energy source. As there is increase in demand 

for energy usage day by day we require good energy source which is renewable. Moving across the emerging trends of renewable energy sources, wind 

energy has attracted more attention because it is considered as a renewable resource and is easily available. Wind energy is an important renewable 

energy source due to maturity of technology, good infrastructure and relative low cost competitiveness. Due to growing interest in wind energy harvest-

ing offshore as well as in the urban environment, vertical axis wind turbines (VAWTs) have recently received renewed interest . Vertical axis wind turbine 

uses a radically new approach to capturing wind energy.the device capture the energy of wind and converts into mechanical form. Their omni-directional 

capability makes them a very interesting option for use with the frequently varying wind directions typically encountered in the built environment while 

their scalability and low installation costs make them highly suitable for offshore wind farms. However, they require further performance optimization to 

become competitive with horizontal axis wind turbines as they currently have a lower power coefficient. The angle of attack is a potential parameter to 

enhance the performance of VAWTs. The current study investigates the variations in the experienced angle of attack and weight optimisation of turbine. 

Keywords—wind turbines,VAWT,PLA,wind turbine blades,renewable energy 

———————————————————— 

1.INTRODUCTION

A vertical-axis wind turbine (VAWT) is a type 

of windturbine where the main rotor shaft is set transverse to 

the wind (but not necessarily vertically) while the main com-

ponents are located at the base of the turbine. This arrange-

ment allows the generator and gearbox to be located close to 

the ground, facilitating service and repair. VAWTs do not need 

to be pointed into the wind, which removes the need for 

wind-sensing and orientation mechanisms. Major drawbacks 

for the early designs included the significant torque variation 

or "ripple" during each revolution, and the large bending 

moments on the blades. Later designs addressed the torque 

ripple issue by sweeping the blades helically. A vertical axis 

wind turbine has its axis perpendicular to the wind stream-

lines and vertical to the ground. A more general term that in-

cludes this option is "transverse axis wind turbine" or "cross-

flow wind turbine." Today, India is stepping towards becom-

ing a global super power. This implies that, it is leading the 

list of developing countries in terms of economic develop-

ment. Hence its energy requirement is going to increase mani-

fold in the coming decades. To meet its energy requirement, 

coal cannot be the primary source of energy. This is because 

coal is depleting very fast. It is estimated that within few dec-

ades coal will get exhausted. The next clean choice of energy 

is solar power, but due to its lower concentration per unit ar-

ea, it is very costly.India ranked fourth in the world for 

amount of power produced by harnessing wind energy. Fig 

1.1 shows pie chart for share of renewable installed capacity in 

india. 

Renewable energy is generally electricity supplied from 

sources, such as wind power, solar power, geothermal energy, 

hydropower and various forms of biomass. These sources 

have been coined renewable due to their continuous replen-

ishment and availability for use over and over again. The 

popularity of renewable energy has experienced a significant 

upsurge in recent times due to the exhaustion of conventional 

power generation methods and increasing realization of its 

adverse effects on the environment. This popularity has been 
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bolstered by cutting edge research and ground-breaking tech-

nology that has been introduced so far to aid in the effective 

tapping of these natural resources and it is estimated that re-

newable sources might contribute about 20% – 50% to energy 

consumption in the latter part of the 21st century. Facts from 

the World Wind Energy Association estimates that by 2010, 

160GW of wind power capacity is expected to be installed 

worldwide which implies an anticipated net growth rate of 

more than 21% per year. 

 

1.1.Wind Power In India 

Wind power generation in India has increased in recent years. 

The country's total installed wind power capacity reached 

37.699 GW as of 29 february 2020.   

The Indian government had an initial target of 54.7 GW capac-

ity for 2022 against 60 GW set by the government. 

 

1.2. Types Of Wind Turbine 

Wind turbine are mainly divided into two i.e,  horizontal 

Axis and vertical axis wind turbine. 

1.2.1.Horizontal Axis Wind Turbine 

This is the most common wind turbine design. In addition to 

being parallel to the ground, the axis of blade rotation is par-

allel to the wind flow. Some machines are designed to oper-

ate in an upwind mode, with the blades upwind of the tow-

er. In this case, a tail vane is usually used to keep the blades 

facing into the wind. Other designs operate in a downwind 

mode so that the wind passes the tower before striking the 

blades. Without a tail vane, the machine rotor naturally 

tracks the wind in a downwind mode. Some very large wind 

turbines use a motor-driven mechanism that turns the ma-

chine in response to a wind direction sensor mounted on the 

tower. 

 

1.2.2 . Vertical Axis Wind Turbine 

Although vertical axis wind turbines, below figures have 

existed for centuries, they are not as common as their hori-

zontal counterparts. The main reason for this is that they do 

not take advantage of the higher wind speeds at higher ele-

vations above the ground aswell as horizontal axis turbines. 

The basic vertical axis designs are the Darrieus, which has 

curved blades, the Giromill, which has straight blades, and 

the Savonius, which uses scoops to catch the wind. 

 

 

International Journal of Scientific & Engineering Research Volume 11, Issue 7, July-2020 
ISSN 2229-5518  
 

77

IJSER © 2020 
http://www.ijser.org

IJSER



 

Page | 98   

2 Litrature review: 

1.Nallapanenimanojkumar et.al This presents aerodynamic 

modelling, fabrication and the performance evaluation of ver-

tical axis wind turbine (VAWT). Aerodynamic modelling of 

VAWT is designed using software tools by considering 

NACA0012 airfoil whose chord length is 0.12m. Aluminum 

material based light weight 3 bladed practical prototype mod-

el of VAWT having rotor diameter and rotor height as 0.36 m 

and 0.40 m respectively is fabricated. This practical prototype 

model is tested in subsonic wind tunnel to annalyze the per-

formance parameters like power in the wind, mechanical 

power at turbine shaft, tip speed ratio (TSR) and power coeffi-

cient. The rotor is tested under different wind speeds ranging 

from 4.38 m/s to 22.38 m/s, test results shows the reliable and 

efficient performance. The Wind is generated due to pressure 

difference of atmosphere. Because of the atmospheric pressure 

difference, air particles move high-pressure end to lower pres-

sure end. During the air flowing, air molecules are subjected 

to Coriolis effect except exactly on the equator. The winds are 

often referred to according to the direction from which the 

wind blows and its force. There is a rapid growth in wind 

power development globally. This utilization of the wind for 

electricity generation is expanding quickly, due to large tech-

nological improvements, industry maturation and increasing 

concerns with greenhouse emissions associated with fossil fuel 

burning. Given the enormous wind resources, only a small 

portion of the usable wind potential is being utilized present-

ly. Government and electrical industry regulations, as well as 

government incentives, have a large role in how quickly wind 

power will be adopted.  

The purpose of this paper the Vortex-Induced Vibration (VIV), 

which occurs since many fields of engineering, has been stud-

ied extensively, especially in the past fifty years, due to its sig-

nificant implications in different engineering applications in-

cluding offshore structures, cooling towers, bridges, heat ex-

changers and electrical transmission lines. VIV of an elastically 

mounted circular cylinder in fluid flow has been studied ex-

perimentally and numerically in the literature and have been 

covered in several overviews such as and more recently. 

 

2.Junkun Ma et.al This paper presents a study of the effects of 

airfoil pitch control on the fluid dynamics and efficiency of a 

Vertical Axis Wind Turbine (VAWT) with airfoil that pivots 

freely with respect to its supporting arm attached to the main 

shaft of the VAWT. The steady-state velocity and pressure 

fields for different airfoil pivoting angles at a series of VAWT 

rotation angles are obtained. Net force on the airfoil at a given 

position, which is directly related to the efficiency of the 

VAWT, is also derived based on the pressure field and the 

airfoil geometry. As a comparison, wind speeds representing 

both laminar and chaotic air flows are considered. The results 

show that an optimal airfoil pivoting angle resulting in maxi-

mum net force exists at any given VAWT rotation angle. It is 

also shown that the maximum net force at a given VAWT rota-

tion angle increases non-linearly as the wind speed increas-

es.be unidirectional in this study. The symmetry shown in the 

results is likely due to the fact that NACA0012 airfoil does 

have a symmetric contour with respect to its chord. Other 

NACA airfoil with non-symmetric contour shall be compared. 

The purpose of this study is to investigate the fluid flow 

around a three-bladed VAWT and analyse the effect an up-

stream deflector effect has on the turbine efficiency. 

 

3.YaminiSarthi et.al This paper present the effect of blade pro-

file, number of blade, surface roughness of blade, aspect ratio 

and Reynolds number on the performance of vertical axis 

wind turbine. A numerical analysis, adopting the multiple 

stream tube (MST) method, is carried out to evaluate the per-

formance depending on the parameters. The numerical result 

shows that the variation of blade profile directly affected the 

influence power production. An enhancement of the power 
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production is observed with increasing the Reynolds number 

on the whole tested blade speed ratio range. Aspect ratio of 

wind turbine is the ratio between blade length and rotor radi-

us. Since the aspect ratio variations of a vertical-axis wind tur-

bine cause Reynolds number variations, any changes in the 

power coefficient can also be studied to derive how aspect 

ratio variations affect turbine performance. It is shown exper-

imentally that the surface roughness on the turbine blade has a 

significant effect on the performance of turbine.The design 

intended that the turbine should have low cut-in wind speed, 

lightweight, and can be easily moveable. The drag based ma-

chine should be capable of harnessing energy from the non-

directional wind at low cut-in speed, which makes it a better 

choice for many urban applications. Fig. 1 shows a view of the 

proposed turbine blades and support system. The blades were 

attached to the hub with the help of three steel bars, and each 

bar  is welded to the center to provide stability to the design 

 

4 Z. M. Zain et.alThis paper proposes the new patented inven-

tion of the vane-type wind turbine which uses wind energy 

more efficiently and is only dependent on the acting area of 

the vanes. The vane wind turbine was designed to increase the 

output of a wind turbine that uses kinetic energy of the wind. 

Due to its high efficiency, simple construction and technology, 

the vane wind turbine can be used universally, apart from the 

fact that it is made from cheap materials. The new design of 

the vane-type wind turbine has quite small sizes than the pro-

peller type one of same output power. The Darrieus turbine 

blade generates maximum torque at two points on its cycle. 

This lead to a sinusoidal power cycle that creates resonant 

modes that can cause the blades to break. Some designs of the 

blades canted into a helix that spreads the torque evenly over 

the entire revolution, thus preventing destructive pulsations. 

Another problem of the mass of the rotating mechanism is at 

the periphery that leads to very high centrifugal stresses on 

the blades which must be stronger and heavier than otherwise 

to withstand them. These turbines are one of the simplest self-

starting vertical-axis turbines. Aerodynamically, they are 

drag-type devices, consisting of two or three scoops. Turbines 

use the cavity shape of the blades that allows the pressure 

wind to rotate turbines with low speed and creates high bend-

ing moment on the shaft of the turbine due to big area of the 

curved elements. The Savonius wind turbines are useful in the 

medium and small-scale installation.  

 3.Objectives 

 

 main objective is to harness the wind energy with 

wind velocity as low as 2 m/s and as high as 40 m/s 

 .Replace steel with PLA 

 

4. Components 

 

4.1. Dynamo: 

A dynamo is an electric generator that creates direct cur-

rent using a commutator. Dynamos were the first electrical 

generators capable of delivering power for industry, and the 

foundation upon which many other later electric-power con-

version devices were based, including the electric motor, 

the alternating-current alternator, and the rotary converter. 

Today, the simpler alternator dominates large scale power 

generation, for efficiency, reliability and cost reasons. A dyna-

mo has the disadvantages of a mechanical commutator. Also, 

converting alternating to direct current using power rectifica-

tion devices (such as vacuum tubes or more recently via solid 

state technology) is effective and usually economical. 
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4.2. Turbine blades: 

A turbine blade is the individual component which makes up 

the turbine section of a gas turbine or steam turbine. The 

blades are responsible for extracting energy from the high 

temperature, high pressure gas produced by the combustor. 

The turbine blades are often the limiting component of gas 

turbines. To survive in this difficult environment, turbine 

blades often use exotic materials like super alloys and many 

different methods of cooling that can be categorized as inter-

nal and external cooling, and thermal barrier coatings. 

Blade fatigue is a major source of failure in steam turbines and 

gas turbines. Fatigue is caused by the stress induced by vibra-

tion and resonance within the operating range of machinery. 

To protect blades from these high dynamic stresses, friction 

dampers are used. Blades of wind turbines and water tur-

bines are designed to operate in different conditions, which 

typically involve lower rotational speeds and temperatures. 

 

 

4.3. Belt &pulley: 

A pulley is a wheel on an axle or shaft that is designed to sup-

port movement and change of direction of a taut cable or belt, 

or transfer of power between the shaft and cable or belt. In the 

case of a pulley supported by a frame or shell that does not 

transfer power to a shaft, but is used to guide the cable or ex-

ert a force, the supporting shell is called a block, and the pul-

ley may be called a sheave. A pulley may have a groove or 

grooves between flanges around its circumference to locate the 

cable or belt. The drive element of a pulley system can be 

a rope, cable, belt, or chain. Hero of Alexandria identified 

the pulley as one of six simple machines used to lift 

weights. Pulleys are assembled to form a block and tackle in 

order to provide mechanical advantage to apply large forces. 

Pulleys are also assembled as part of belt and chain drives in 

order to transmit power from one rotating shaft to another. 

 

 

5. Accessories Used 

5.1Anemometer 

It is the device used for measuring wind speed. The termed is 

derived from Greek word anemos which means wind. One of 

the forms of mechanical velocity anemometer is the vane an-

emometer. 
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5.2. Tachometer 

It is an instrument measuring the rotational speed of shaft or 

disk as in a turbine or a machine. The device usually displays 

the revolution per minute on a digital display. The word has 

been derived from Greek word tachos meaning speed. 

 

 

6.Working 

Savinious turbines are one of the simplest tur-

bines.Aerodynamically,they are drag type devices consisting 

of two or three blades. The savonius wind turbine works due 

to the difference in the forces exert on each blade.The lower 

blade (the concave half to the wind direction) caught the air 

wind and forces the blade to rotate around its central vertical 

shaft. Whereas, the upper blade (the convex half to wind di-

rection) hits the blade and causes the air wind to be deflected 

sideway around it. 

Because of the blades curvature, the blades experience less 

drag force (Fconvex) when moving against the wind than the 

blades when moving with the wind (Fconcave). Hence, the half 

cylinder with concave side facing the wind will experience 

more drag force than the other cylinder, thus forcing the rotor 

to rotate. The differential drag causes the Savonius turbine to 

spin. For this reason, Savonius turbines extract much less of 

the wind's power than other similarly sized lift type turbines 

because much of the power that might be captured has used 

up pushing the convex half, so savonius wind turbine has a 

lower efficiency. 

The three blade savonius wind turbine is constructed from 

three half cylinders, they are arranged at (120 degree) relative 

to each other as shown in figure 

 
 

  

 

 

 

 

Advantages 

 Less vibration 

 Produce electric energy at low wind speed 

 Vawt are shorter than hawt 

Disadvantages 

 Not efficient as hawt 

 Requires power and starting motor to start darrieus 

wind turbine 

7. Calculations  

7.1. Design of shaft (Aluminium) 

m=1.06kg,   

l=300mm  

 Compressive stress  
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 Principle Stress Theory  

 

 

 

σtall = σ1 

 

d=7.7182mm  

we know,  

 

 

 

d=6.65mm  

we choose shaft  dia from above two dia.  

D=7.7182mm  

7.2 Diameter of the turbine, D   

The relationship between required power output and design 

velocity was utilized to evaluate diameter of turbine.  

            P =  

Where,𝜌 = 1.23kg/𝑚3Cp=0.48  

             P=50w                              V=8m/s  

 Now,            P =  

                    50=0.5*0.48*1.23*83 ∗𝐷2 

                    D=0.5751m  

7.3Design of blade 

Span length of the blade,b-The length of blade is taken as half 

of dia of turbine b=0.6/2=0.3m  

Aspect ratio,AR-Aspect ratio is the ratio of span length, with 

chord length, c of the blade.  

                   AR=b /𝑐 

 

Chord length of the blade, c -Using the above described rela-

tion of AR, the chord length of the wind turbine blade is taken 

as   

              C=0.06m  

 

Area of aerofoil blade  

For solid   

 

A= dx 
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From this total deformation analysis, we conclude that defor-

mation is maximum at the left of the shaft and it shows by red, 

orange and yellowcolour respectively. Conversely, total de-

formation is minimum at right of shaft and it grows till end 

ofshaft.  

 

9.2.Shearstrees on shaft 

 

 

 

10.Methodology 

 
 Size of the turbine required for that power generation  

 

 Designing of the turbine rotor on the basis of calcula-

tion.  

 

 Consideration of other part such as bearing, shaft, 

base, disk,  etc. on the basis of rotor size  

 

 CAD model of the Vertical axis wind turbine.  

 

 Analysis of the designed model  

 

 Fabrication of the VAWT  

 

 Testing it in different wind condition.  

 

 Results  

 

11.Conclusion and Future Scope:- 

Conclusion- So as per work plan we had done literature sur-

vey,design and calculation of shaft, nlade,etc. Then next we 

had done CAD modelling of parts and assembly and ansys-

simulation.On the basis of simulation reslt we started fabrica-

tion. 

Future scope 

• To ensure future growth of the U.S. wind industry, the 

Energy Department’s Wind Program works with in-

dustry partners to improve the reliability 

• Improving the mechanical structure. 

• To reduce the cost. 

 

11. Expected Result:-  

Actually, results of our project depends upon the testing con-

ditions and various environmental factors. Movement of the 

turbine depends upon the velocity of wind at Particular time 

and place. So, as per that generation capacity changes.  
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