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Abstract 

The human demands are increasing day by day and which have to be fulfilled by sufficient supply of 

resources. One of the demand is of energy, the energy requirement is being fulfilled in many way such as 

thermal power plants. But, we need an efficient way of generating power which does not affect the 

environment and doesn’t uses fossil fuels. Wind turbines are one of the way to fulfil the demand. Vertical 

axis wind turbines (VAWTs) are standing still, to face the challenges in low wind profile areas. In this 

study, airfoil from different series were compared to optimise the performance of a VAWT. This study is 

done to compare the actual coefficient of lift and drag with the experimental values obtained using CFD. 

This study also states that CFD analysis is a better way than experiments as they are costly and take a lot 

of time and labour cost to obtain the values. The CFD analysis was done on 2D section of airfoil to obtain 

the desired result. 
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1. Introduction 

This specific model intensifies the wind velocity in its outlet before it reaches the turbine. It increases the 

maximum power coefficient to an appreciable value of 0.397 at 5m/s wind speed and this facilitates 

efficient design in the low wind profile area. [1] The difference between the CFD technique and 

experimental technique conducted on wind tunnel by obtaining coefficient of drag and coefficient of lift. 

Both the experiments gave approximately same results. The experimental section being costlier and thus 

declaring that CFD technique is indeed a mature tool for such test performances at any angle of attack.[2] 

The Darrieus vertical axis wind turbine (VAWT) configurations and also including all the drawbacks of 

each variation hindering the development into large scale rotor. They mentioned about the curved blades 

and straight blades configurations, and why some varieties have been stopped and how some have evolved. 

[3] CFD technique is as good as testing a product experimentally. The experimental test using wind tunnel 

is costlier than the CFD technique. This paper showed how approximately same values they both provide 

and thus proving that CFD is a good way to test airfoils and its greatly reliable. [4] The results of test done 

upon six commonly used airfoils: the M-6, the CYH, the N-22, the C-72, the Boeing 106, and the Gottingen 

398. The lifts, drags, and pitching moments of the airfoils were measured through a large range of positive 

and negative angles of attack. For the N-22, the C-72, the Boeing 106 and the Gottingen 398 airfoils, the 

negative maximum lift coefficients were found to be approximately half the positive. For the M-6 and the 

CYH, which have less effective camber, the negative values were, respectively, 0.8 and 0.6 of the positive 

http://www.jetir.org/


© 2021 JETIR May 2021, Volume 8, Issue 5                                                                    www.jetir.org (ISSN-2349-5162) 

JETIR2105023 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org a195 

 

values. [5] The arms increase the power loss of VAWTs; however, the distribution between the pressure and 

friction influences and their degrees of influence have not yet been investigated in detail in past research. They 

applied computational fluid dynamics targeting a small sized straight-bladed VAWT to elucidate the effects 

of arms on turbine performance. In the analysis they used three kinds of arms with different cross sections. 

[6]  

2. Literature Review 

2.1 Vertical Axis Wind Turbine 

The performance of a VAWT is influenced by the amplitude and the rate of increase of the angle of attack. 

Reducing the angle of attack improves the torque coefficient, especially in the upwind area and some areas 

downstream where a positive torque is generated on a VAWT with variable- pitch blades. [7] SB-VAWTs 

are potentially more efficient and more economical, but those with fixed pitch straight-blades have been 

regarded as unsuitable for stand-alone use due to their lack of starting torque production. According to 

experimental investigation, it has been found that NACA 4415(asymmetric airfoil) can produce 

significantly higher starting torque than a NACA 0021(symmetric airfoil) at two different solidities.[8] 

Influences of some parameters on the performance of a small VAWT. A blade profile with a larger 

thickness yields a higher power coefficient than the one with a smaller thickness in a range of TSR < 3 

speed zone. For a TSR > 5 speed zone, the converse holds. There is a clear influence of the pitch angle on 

the self-starting behaviour of the rotor, i.e., an optimal pitch angle can significantly reduce the acceleration 

period. The Reynolds number, the thickness and the pitch angle of the NACA (and others) blade profile(s) 

are the main parameters that influence the second acceleration step.[9] CFD analysis of different blades in 

VAWT. The Savonius type VAWT shows better starting torque at low wind speed. The increasing wind 

speed and tip speed ratio are better for the Darrieus type of VAWT. For the Domestic purpose, Savonius 

type VAWT shows the better result as the average wind speed will produce regular power supply. For 

regions with higher wind velocity, Darrieus type VAWT proves to be more efficient.[10] Efficiency of a 

VAWT with airfoil pitch control. Torque with respect to the rotation centre of a VAWT depends on wind 

angle of attack and support arm position. Wind speed has insignificant effects on both torque magnitude 

and distribution pattern. For the NACA 0012 airfoil investigated in this study, the torque always peaks out 

at 90° angle of attack at any given support arm position. A control mechanism to maintain the airfoil at a 

constant 90° angle of attack is the optimal pattern for maximum efficiency and energy production. [11] 

Design and Fabrication of VAWT with Magnetic Repulsion. In the current attempt solidity, number of 

blade, chord length, etc. are the basic consideration for design and development. All efforts were made to 

develop the model to generate the output even at low wind speed. Magnets are used to increase the starting 

torque by using repulsive force. And in the attempt, self-starting speed is 1.08m/s which is much lower. 

Also turbine is in motion once it starts even after speed is less than   1.08m/s. This is due to repulsive force 

of the magnets used. [12] Wind tunnel experiments were performed to evaluate the power coefficients of 

three VAWTs - (a) conventional VAWT (two‐bladed troposkien shape), (b) novel 50% shifted troposkien 

shape‐vertical axis wind turbine (50% STS‐VAWT), and (c) novel 100% STS‐VAWT. The 50% STS‐

VAWT model showed an overall better aerodynamic performance when compared against the other two 
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configurations, due to a combination of (a) power generation increased due to blade‐wake interaction 

(BWI) reductions and (b) power generation capacity related to the blade length of each turbine. [13] From 

a geometrical point of view, as aspect ratio falls, the Reynolds number rises which improves wind turbine 

performance [14] This research has made an attempt to utilize at low velocity wind below 4m/s for useful 

power generation using magnetic levitation for vertical axis wind turbine (VAWT) termed as Maglev 

turbine. The efficiency of turbine is increased by replacing the conventional bearings by magnets in 

repulsion; the magnetic levitation helps the turbine to spin at much faster rate as it eliminates the stresses 

on the shaft of turbine. [15] Vertical axis wind energy conversion systems are practical and potentially 

contribute to the production of clean renewable electricity from the wind, helpful in rural areas where the 

electricity supply is scarce. [16] The airfoil in the upwind condition is responsible for the lift generation 

and consequent torque production for the turbine. Thus, a fixed pitch, helical VAWT has been designed, 

modelled, fabricated, wind tunnel-tested, and analysed using CFD. The number of vortices gets reduced as 

the RPM was increased; however, the intensity of the low pressure region at the centre showed an increase. 

[17] The actuator cylinder flow model has been defined as the ideal VAWT rotor. A variable pitch of the 

blades or continuous control of lift by flaps could improve the loading. It was also found that an increase 

in airfoil drag of 0.001 leads to a 1% decrease in power coefficient. [18] The flow characteristics and wind 

energy utilizations of H-type VAWT blade and its trailing edge modification while having a certain camber 

to facilitate a greater understanding of the effects of airfoil trailing edge thickness and relative camber has 

been put to investigation. With the NACA series airfoil NACA0021, whose tailing-edge thickness is 

0.442%c (c cord length) and the simulation accuracy of the CFD approach was validated through 

comparing the calculated result. [19] To demonstrate the viability of the applying adjoin methods for the 

optimization technique for aerodynamics of a VAWT. These methods are very powerful optimization 

techniques which have been implemented effectively in many other fields. The outcomes of the novel blade 

geometries shows the improvement in the VAWT average power coefficient when compared to the original 

NACA0018 blade. [20] There have been many studies on the HAWT and the VAWT icing is been seldomly 

reported in the literature. The ice accretion shape of the static VAWT blade must be tested under various 

angles of attacks. Ice accretion shapes are obtained at the range of -25 to 25 degree angle of attack. Finally, 

after the testing it was found that iced CAWT loses up to 60% of power performance due to time ice 

conditions. The VAWT will be unable to produce power in the glaze ice. [21] The VAWT are of many 

types and can be modified and designed for better efficiency and to do that wind flow modifiers (WFM) is 

one of the solution. This work concentrates on the design and analysis of different wind flow modifiers to 

achieve better efficiency of the VAWT. To monitor the performance of the rotor blades numerical analysis 

is performed with a realizable K-epsilon model. [22] 

Coefficient of lift and drag 

The coefficient of lift and drag can be obtained numerically as well as experimentally and in this abstract 

the work has been done on both and has been compared. Analysis of airfoil over two-dimensional subsonic 

flow at various angle of attack and at certain Reynolds number is obtained. [23] The accuracy of the CFD 

simulation of the VAWT is associated with the computational parameters, such as azimuthal increment, 
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domain size and number of turbine revolutions before reaching a statistically steady state convergence. 

[24] As a main component in the design method, airfoil profile are expressed in a trigonometric series form 

using conformal transformations and series of polynomial equations. A new method is presented in this 

paper for designing turbine airfoils. To validate and show the generality of the trigonometric expression, 

the profiles of the NACA 64418 and S809 airfoils are expressed by the present expression. [25] Numerical 

simulation and wind turbine experiment was carried out using a small SB-VAWT symmetric airfoil 

modelS1046 and NACA0018 and an asymmetric airfoil S809. The work was done to investigate the effect 

of aerodynamic characteristics of S series airfoils on the straight bladed vertical axis wind turbine. [26] 

There are many wind turbine developments in the recent time for the urban and suburban areas application. 

But, the efficiency of the wind turbine is the major issue for everyone. This project include the CFD analysis 

of the power augmented shroud which can be helpful in the improvement of the performance of the VAWT. 

The shroud was experimented using the NACA0015 airfoil. [27] 

 

3. Discussion 

The researchers are going on with high speed in order to get better resources and the cost of practical 

experiments kept increasing due to the complexity of experiment. To overcome the cost, labour and time 

CFD has been one of the best way to achieve the desired result with high precision. In most of the wind 

turbines blade design is one of the crucial factor in increasing the efficiency of the wind turbine. Keeping 

in mind the current efficiency for a VAWT is low for a Savonius vertical axis wind turbine has an 

average efficiency of 10 to 17 %, while the Darrieus vertical axis wind turbine reaches 30 to 40 %. For low 

wind profile areas and for city areas the HAWT (Horizontal Axis Wind Turbine) is not the best choice as 

it requires large area and high maintenance cost. For this comes forward the VAWT (Vertical Axis Wind 

Turbine). VAWT can be installed even on small roofs and can be helpful in low wind profile areas.  

 

4. Conclusion 

An attempt was made to identify which NACA series blades will be better for the VAWT and compare 

them with the originally used NACA 0012. CFD was used to analyse the lift and drag coefficient of the 

blade for a 3d profile of an airfoil. CFD decreased the experiment time and nearly no cost was involved to 

do the numerical analysis of the airfoil. A better camber airfoil has better lift and stall characteristics which 

are helpful for a VAWT as it is a lift type wind turbine. 
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