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Abstract— In the current age of global energy crisis, the production of energy through alternate energy resources has gained a 

significant attention. Wind as a source of energy is a very attractive due to the fact that fuel is free of cost in this case. This 

research is about the aerodynamic design of a VAWT blade using the analytical and CFD techniques for a small scale vertical 

axis wind turbine (VAWT), aiming 1 kW power output which may be used for domestic purposes to power a single room. 

This is simulated using commercial software, ANSYS 15.0. The static CFD model is developed at a selected pitch angle 

during a complete 360° where the aerodynamic forces evaluated are comparable with the analytical values at the similar 

location. Among the different vertical axis wind turbine (VAWT) rotor is found to be slow running, wind machine driven by 

wind resistance and has a lower efficiency as compared to lift type machine but it is also inexpensive. The present work is to 

design and develop a modified rotor for low windy regions, to develop a self-starting and more efficient wind turbine, which 

can be used domestically. 
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I. INTRODUCTION 

Currently, horizontal axis wind turbines (HAWT) dominate the wind energy market. However, the power that a turbine can 

produce is proportional to the swept area. As a result, HAWT designs are continuously getting bigger to produce more power, 

which means that the blades must be made continuously larger. Increasing blade size adds extra weight to the blades, leading 

to higher centrifugal and inertial forces that the blade must be able to resist. Also, increased blade size leads to large bending 

moments on the blades at high rotational speeds. For these reasons, it has been suggested that HAWT technology will 

probably reach its peak in the next few years, making way for the vertical axis wind turbines (VAWT). Core aim of this paper 

is to design and analysis a vertical axis wind turbine for domestic power generation. So, the wind turbine must be fabricated 

for the operation in domestic areas. There are many important factors while fabricating a wind turbine for domestic purpose. 

The first one is, it must be safe and able to set up at any locations such as ground, roof tops etc... Next is it must be portable 

so we can replace it in to any locations with less effort. Then it must operate at low and gusty winds. Over all of the above 

facts it must be economical, that means the turbine can be fabricated by reducing the cost and maximising the quality. 

II. SCOPE OF FUTURE 

Now the vertical axis wind turbines blades are made by using aluminium and carbon fibre composites, this is a costly process. 

By using synthetic plastic materials the blades can be produced with less cost. The use of materials like acrylic plastic sheets 

can be used to develop low cost vertical axis wind turbine blades. Vertical axis wind turbine is best for making wind frames. 

By using medium sized VAWT to make a wind farm, it will work with greater efficiency and generate high watts of electrical 

energy. Also vertical axis wind turbines can be used in remote areas where no electricity is available. Small VAWT can be 

able to assemble easily and also it can be easily place on a ground. 

III. OVERVIEW OF METHODOLOGY 

Our main aim of this paper is to fabricate a vertical axis wind turbine for domestic power generation. So we have to fabricate 

or buy each and every part of this turbine. The main part is turbine blades it must be fabricated. Then shaft and other 

structural parts include arms and monopole support structure. The bearings must be brought. There are other parts like 

bushes; flanges must be fabricated by using turning operation. The next step after obtaining all these parts is assembly. All 

parts must be assembled and jointed. The main challenge is that minimising the welded joints. Because if many welded joints 

are present in the fabrication process it cannot be a portable product. So we try our best to reduce the welded joints. It is also 

important to use good and smooth bearings so that it can work at low wind speeds. 

A. Vertical axis wind turbine (VAWT)  

Vertical axis wind turbines are different from traditional wind turbines in that their main axis is perpendicular to the ground. 

Their configuration makes them ideal for both rural and urban settings and offers the owner an opportunity to offset the rising 

cost of electricity and to preserve the environment. Besides, they do not need the complicated head mechanisms of 

conventional horizontal axis turbines. 
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B. VAWT technology 

VAWTs are wind turbines that rotate about a vertically-oriented axis that is perpendicular to the wind direction (sometimes 

termed a “cross-flow” turbine). In typical, modern designs, the centre axis is a vertical shaft (tower) that is connected to a 

speed-increasing transmission (gearbox). The transmission’s output shaft, in turn, drives a motor/generator that converts the 

mechanical torque of the rotor to electrical power. Typical designs include the full-durries (or eggbeater), the “h”, the “v” (or 

“y” or “sunflower”), the “delta”, the “diamond” and the “gyro mill” configurations, all of which may be seen in many 

additional configurations have been proposed, even some that turn the turbine on its side (a “squirrel cage” configuration).the 

significant distinction between a HAWT and a VAWT is the orientation of their rotational axis relative to the wind direction . 

The HAWT’s propeller type rotor is aligned with its axis of rotation essentially parallel to the direction of the wind and the 

VAWT’s. The tower turns with the rotor, it is also referred to as the torque tube. Rotor is aligned with its axis of rotation 

essentially perpendicular to the direction of the wind.  VAWTs tend to come in two main configurations: the savonius and the 

darrieus turbines. In the case of the former, power is generated using momentum transfer (a drag device) and, in the latter, 

using aerodynamic forces (the lift force on an airfoil). The savonius in characterized by its high torque, low speed and low 

efficiency (less than half the betz limit). The darrieus rotor is characterized by its high speed and high efficiency. 

‡ 

Fig. 1: Savonius Turbines Use Rotors 

 
Fig. 2: Durries VAWT 

C. Experimental Setup  

VAWT Characteristics & Design Specifications 

1) Blade length 

2) Blade width 

3) Diameter 

4) Base height 

5) Turbine height 

6) Overall height 

7) Number of blades 

1) Blade length 

This is important because the length of the blade is directly proportional to the swept area. Larger blades have a greater swept 

area and thus catch more wind with each revolution. Because of this, they may also have more torque.  

2) Blade width 

Blade width is important because the width of the blade is directly proportional to the swept area. Larger blades have a 

greater swept area and thus catch more wind with each revolution. Because of this, they may also have more torque. 

3) Diameter 

This is an important feature, it is the twice of the distance between centre of the shaft to one of the blade. By increasing the 

diameter we can improve the torque developed. 
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4) Base height 

The height of the base affects the windmill immensely. The higher a windmill is, the more productive it will be due to the fact 

that as the altitude increases so does the wind speed 

5) Turbine height 

Turbine height is the distance between the top and bottom end of an assembled turbine. 

6) Overall height 

It is the total height of VAWT. It is given by the sum of base height and the turbine height. 

7) Number of blades 

Number of a turbine directly affects the effectiveness (efficiency) of the turbine. But it also increase the wind resistance hence 

more stress on the support structure, so it is important to select number of blades wisely. 

D. Wind turbine design parameters 

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 

1) Power and power coefficient 

The power available from wind for a vertical axis wind turbine can be found from the following formula: 

Pw= 0.5 ρ s v0 3 

Where 

Vo is the velocity of the wind [m/s]  

ρ is the air density [kg/m3], the reference density used its standard sea level value (1.225 kg/m^3 at 15ºc),  

For other values the source (aerospaceweb.org, 2005) can be consulted. Note that available power is dependent on 

the cube of the airspeed. The power the turbine takes from wind is calculated using the power coefficient: 

Cp =capture mechanical power by blade/ available power in the wind 

Cp value represents the part of the total available power that is actually taken from wind, which can be understood as 

its efficiency there is a theoretical limit in the efficiency of a wind turbine determined by the deceleration the wind suffers 

when going across the turbine. For HAWT, the limit is 19/27 (59.3%) and is called lanchester - betz limit. For VAWT, the 

limit is 16/25 (64. These limits come from the actuator disk momentum theory which assumes steady, in viscid and without 

swirl flow. Making an analysis of data from market small VAWT, the value of maximum power coefficient has been found to 

be usually ranging between 0.15 and 0.22. This power coefficient only considers the mechanical energy converted directly 

from wind energy; it does not consider the mechanical-into-electrical energy conversion, which involves other parameters 

like the generator efficiency 

2) Tip speed ratio 

The power coefficient is strongly dependent on tip speed ratio, defined as the ratio between the tangential speed at blade tip 

and the actual wind speed. 

Tsr  = Tangential Speed of blade tip/actual wind speed 

          = RΩ/Vo 

Where 

Ω is the angular speed [rad/s],  

R the rotor radius [m]  

Vo the ambient wind speed [m/s].  

3) Blade chord 

The chord is the length between leading edge and trailing edge of the blade profile. The blade thickness and shape is 

determined by the airfoil used, in this case it will be a nacaairfoil, where the blade curvature and maximum thickness are 

defined as percentage of the chord. 

IV. RESULTS AND DISCUSSIONS 

List and specifications of parts  

S.No Part Material Manufacturing Quantity 

1 Blades Fibreglass Fibreglass moulding 3 

2 Shaft blades Galvanised iron -- 1 

3 Monopole  support Galvanised iron -- 1 

4 Bearing High carbon steel -- 2 

5 Base plate Mild steel -- 1 

6 Bush Mild steel Lathe/turning 2 

7 Bearing housing Cast iron Lathe/turning 2 

8 Flanges Cast iron Lathe/turning 2 
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Drilling 

9 Arms Aluminium -- 6 

Table 1: List of Specifications of Parts 

A. Advantage of VAWT over HAWT 

1) They are mounted lower to the ground making it easy for maintenance if needed.  

2) They start creating electricity at speeds of only 6 mph.  

3) They may be able to be built at locations where taller structures, such as the horizontal type, can't be. Higher power 

utilization-- 20% higher than HAWT. Lower noise level--only 27-37 db, suitable for your living condition. 

4) Safer operation spins at slower speeds than horizontal turbines, decreasing the risk of injuring birds and also decreasing 

noise level. 

5) Simpler installation and maintenance, 

6) Not affected by orientation variation, 

7) Wind energy system avoids fuel provision and transport. 

8) On a small scale up to a few kilowatt system is less costly.  

9) On a large scale costs can be competitive conventional electricity and lower costs could be achieved by mass production.  

10) Produce less noise - low speed means less noise. 

S.No Performance HAWT VAWT 

1 Electromagnetic interference Yes No 

2 Steering mechanism Yes No 

3 Gear box Yes No 

4 Blade rotation space Quite large Quite small 

5 Wind resistance capability Weak Strong ( it can resist the typhoon up to 12-14 class 

6 Noise 5-60 db 0-10 db 

7 Starting wind speed High (2.5-5 m/s) Low (1.5 m/s) 

8 Maintenance Complicated Convenient 

9 Rotating speed High Low 

10 Cable stranding problem Yes No 

Table 2: Comparison between VAWT and HAWT 

B. The power in the wind 

The power in the wind can be computed by using the concepts of kinetics.  The wind mill 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, or ½ mv2.  The amount of air passing in unit time through an area a, with velocity v, is a. V, 

& its mass m is equal to its volume multiplied by its density      of air, or 

m =  av 

 (m is the mass of air transferring the area a swept by the rotating blades of a wind mill type generator ) substituting this value 

of the mass in expression of k.e. 

= ½   av.v2         watts 

= ½   av3 watts 

Second equation tells us that the power available is proportional to air density (1.225 kg/m3) & is proportional to the 

intercept area.  Since the area is normally circular of diameter d in horizontal axis aero turbines, then, 

a =   d x l  

a = 0.7x 0.7 

=0.49 m2 

  

Put this quantity in equation second 

Available wind power           pa = ½ a v3 

= 1/2a v3watt 

= 0.5 x 1.225 x 0.49 x 103 

= 300.125 watt 

If a body is placed in a fluid flow, there are two types of forces will be developed .these force are drag force and lift 

force. These two forces act   together and generate unwanted stress at components of VAWT. 

A physical limit exists to the quantity of energy that can be extracted, which is independent of design. The energy 

extraction is maintained in a flow process through the reduction of kinetic energy and subsequent velocity of the wind. The 

magnitude of energy harnessed is a function of the reduction in air speed over the turbine. 100% extraction would imply zero 

final velocity and therefore zero flow. 

The zero flow scenario cannot be achieved hence all the winds kinetic energy may not be utilised. This principle is 

widely accepted and indicates that wind turbine efficiency cannot exceed 59.3%. This parameter is commonly known as the 

power coefficient cp, where max Cp= 0.593 referred to as the Betz limit 
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Fig. 3: Power curve 

 

Turbine calculations and results 

Turbine specifications  

 Number of blades : : 3 

 Turbine height  : 70 cm 

 Diameter  : 70cm 

 Shaft length  : 160cm 

 Base height  : 80cm 

 Overall length  : 160cm 

 Blade chord   : 15 cm 

Calculations of parameters  

Calculating swept area 

s= 2rl 

Where  

S  (swept area)  

R  (rotor radius)     = 0.35 m  

L  (blade length) = 0.7 m 

 s  = 2 x 0.35 x 0.7  

   = 0.49 m2 

Calculation of solidity 

σ =
𝑁𝑐𝐿

𝑠
 

Where,  

n(number of blades)  = 3 

c(blade chord) =0.15 m 

 l  (length)=0.7 m 

 s (swept area)  = 0.49 m2 

σ= 
3 𝑥 0.15 𝑥 0.7 

0.49
 

  = 0.64 

Calculating power co-efficient  

pw= 0.5 ρ s v0 3 

Where 

Ρ air densit= 1.225 kg/m3 at 15ºc 

V0 average velocity= 10 m/s 

So, Pw = 0.5 x 1.225 x 0.49 x 103 

 =0300.125 watt  

Pw is the available power in the wind = 214.375 watt 

Power captured by blades  

P = (available power in the wind) x(power co-efficient) 

Power co-efficient cp =  0.5 

Power captured by turbine blades(p) 

= 300.125x 0.5 watts 

That is approximately equal to 30 watt = 150 W 
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C. Velocity flow 

 
Fig. 4: Velocity of flow (Ansys 15) 

 
Fig. 5: Pressure and velocity profile over blade 

 
Fig. 6: Wind turbine torque characteristic curve 

V. CONCLUSION 

The vertical axis wind turbine was successfully designed using locally available materials. Use of small wind turbines for 

power generation will be a solution for the upcoming energy crisis. For that the vertical axis wind turbines are suitable for 

small scale domestic power generation. 

 The fabricated vertical axis wind turbine have swept area of (s) =0.35 m2 

 Available power in the wind is = 300.125 watt. 

 Power co-efficient for VAWT = 0.55 

 Power captured by turbine blades = 150 watt 

 Solidity = 0.64 

(If solidity is greater than 0.4, then the turbine is self-starting) 

Design parameters Calculated parameters 

Rotor radius (m) 0.35 Swept area (m2) 0.49 

Blade length m) 0.7 Solidity 0.64 

Blade chord (m) 0.15 Power available From wind (w) 300.12 

Power coefficient 0.5 Power output (w) 150 

Number of blades 3 Airdensity (kg/m3) 1.225 
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