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Abstract:Vertical-Axis Wind Turbines(VAWT) have been found to be more potent in practical situations than the horizontal axis 

wind turbines(HAWT) in harnessing wind energy. Darrieus turbine is atype of VAWT and based on lift forces which in turn 

depend on the aerodynamics properties of the blade. In this work, a Darrieus turbine model has been used with the blades being of 

NACA3119 aerofoil sections. Velocity profiles around the blades have been experimentally determined in a wind tunnel, which 

are very necessary tools to determine its aerodynamics properties. Measurements have been made to plot the velocity profiles 

around the turbine blade at five different angles of attack. 

 

IndexTerms–Vertical Axis Wind Turbine, Experimental Aerodynamics, Wind Tunnel 

 

1.INTRODUCTION 

Wind energy is a valuable source of renewable energy 

today. Wind availability and intensity are important 

considerations for installing wind farms. Currently, large 

onshore and offshore wind farms with horizontal axis wind 

turbines (HAWTs) are used in several countries to 

contribute to the electricity grid. HAWTs have their rotor 

axis parallel to the ground and face the direction of wind. 

Due to chaotic nature of the win, HAWTs require wind 

sensing and orientation mechanisms. In urban spaces, it has 

been recommended to install small scale wind turbines to 

reduce reliance on conventional sources of electricity. 

However, for installation in urban areas, HAWTs are 

unsuitable due to noise and safety concerns due to their 

large size [1].  Further, high wind turbulence and low wind 

intensity make their performance inefficient in urban areas. 

Liu et al. [2] stated that HAWTs are not considered suitable 

for urban environments due to chaotic nature of wind, high 

magnitude of cut-in speed and negative public perception.  

In contrast, vertical axis wind turbine (VAWTs) has less 

noise and low cut-in speeds. VAWTs have rotor axis 

perpendicular to the ground. This eliminates the need for an 

orientation mechanism, while also making them compact in 

size and lightweight. This makes them ideal for installation 

in urban spaces with space constraints along with weak and 

chaotic winds [3]. Khorsand et al. [4] and Simic et al. [5] 

predicted VAWTs as potential methods to extract wind 

energy in urban and semi-urban areas.  Wind turbines 

(WTs) can be both lift-based and drag-based. In drag-based 

WTs, the aerodynamic force remains parallel to direction of 

air flow, while in lift-based WTs the aerodynamic force is 

perpendicular to direction of air flow. Bedon et al. [6] 

observed that drag-based turbines have simpler design but 

poor efficiency, lift-base turbines have complex shapes but 

extract more energy per unit swept area. Castelli and Benini 

[7] compared annual energy outputs for two VAWTs in a 

low wind urban site in Italy, one being lift-based and the 

other drag-based. The lift-based VAWT produced higher 

annual energy output.Sun et al. [8] and Wekesa et al. [9] are 

among several groups carrying out experimental and 

numerical studies to increase aerodynamic efficiency of 

VAWTs by reducing drag effects and increasing lift forces 

on blades.  

Darrieus turbines [10] are a class of VAWTs which use 

aerofoils as blades. Darrieus turbines are based on lift forces 

and have better aerodynamic performance and lower costs 

than other classes of VAWTs. However, it is required to be 

studied if unconventional aerofoil sections can provide 

better performance than the conventional aerofoils as far as 

blade sections of such VAWTs are concerned. Also, the 

primary study is required to get the velocity distribution 

around the blade of a VAWT, from which the associated lift 

force may be determined. In the present study, a VAWT 

model, with blade sections having unconventional 

NACA3119 aerofoils and mounted at equal angular 

intervals around the axis, is studied in a wind tunnel facility. 

Measurements of velocity components tangential to the 

surface on one of the blades are taken at different locations 

on the surface and different blade orientations to the free 

wind direction and the results are studied by plotting the 

data. 

2. EXPERIMENTAL SETUP AND PROCEDURE 

A vertical axis wind turbine model mounted with 

aerofoils is used in the study. The aerofoil used by Bagchi et 

al. [11] and Laha et al. [12] has been used as blade sections 

and is schematically shown in Fig. 1 while the setup is as 

presented in Figs. 2 and 3. The blade is a wooden 

asymmetric aerofoil with 21.9cm chord length, the leading-

edge radius and maximum thickness being 2.1cm and 

4.2cm, respectively. The maximum camber is 0.7cm 

occurring at 10% of chord length, at the point A shown in 

Fig 1. The aerofoil used can be denoted NACA3119 as per 

the NACA 4-digit nomenclature, and is not among the 

standard aerofoils. The maximum camber of the aerofoil is 

found to be 3%, which is considerably higher than the 

cambered aerofoils analysed experimentally till date.  
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Figure 1: Aerofoil geometry 

 

Fig. 2 shows the subsonic closed-circuit wind 

tunnelsetupavailable in the Hydraulics laboratory of 

Jadavpur University. In Fig. 2 (a),the modelof the wind 

turbine placed inside the wind tunnel is clearly seen. An 

axial flow fan run by a Siemens variable speed motor is 

used to create flow of air in the wind tunnel. An ABB make 

variable frequency drive is used to change the speed of the 

motor. Frequency drive range has been 0Hz - 50Hz. The 

free stream velocity variation in the wind tunnel can be 

achieved in the range of 0-32m/s. Wind velocity is 

measured using a pitot tube, Spectrum make, attached to 

digital differential manometer. The digital manometer is 

Kimo make, Model No. CP300-HP, capable of measuring 

from 0/+10 Pa to -10000/+10000 Pa. This is the same setup 

used by Bagchi et al. [11] and Laha et al. [12]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: (a) The model VAWT inside the test section (b)External view of the upper test section of the Wind Tunnel setup 

 

Fig. 3 shows the upper (outer with respect to turbine blade) 

and lower (inner with respect to turbine blade) sides of the 

aerofoil mounted on the wind turbine, as placed inside the 

actual test section of the wind tunnel.Both the surfaces of 

the aerofoil have been marked with grid points at which the 

pitot tube is placed for velocity measurement.  

For measuring angle of attack of the aerofoil under study 

with respect to the free wind stream in the wind tunnel, 

angles are marked on top of the turbine shaft.The aerofoil is 

studied at five different angles of attack: -20°, -10°, 0°, 10°, 

20°. A line representing each angle is drawn on top of the 

turbine shaft, and for studying the specific angle, the 

corresponding line is kept parallel to the direction of the free 

wind stream, such that the aerofoil under study also remains 

at the same specific angle.On the upper (outer with respect 

to turbine) aerofoil surface, five strips from one side end to 

the other, each with 13 points from the leading edge to the 

trailing edge, have been marked. On the lower (inner with 

respect to turbine) aerofoil surface, 3 strips from one side 

end to the othereach with 10 points from the leading edge to 

the trailing edge have been marked. Velocity measurements 

have been taken tangential to the surface of the aerofoil by 

keeping the tip of the Pitot tube approximately tangential to 

the surface, over the marked grid points. The gridpoints can 

be seen in Fig. 3. 

(a) (b) 
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 Figure 3: (a) Upper surface and (b) lower surface of aerofoil 

3. RESULTS AND DISCUSSION 

The velocity distributions across both the surfaces at 

different angles of attack have been shown graphically in 

Figs. 4-8. Velocity values at each data point are averaged 

across the five strips on the upper surface and three strips on 

the lower surface toplot the graphs

  
Figure 4: Velocity distribution at -20° angle of attack 

  

Figure 5: Velocity distribution at -10° angle of attack 

(a) (b) 
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Figure 6: Velocity distribution at 0° angle of attack 

  
Figure 7: Velocity distribution at 10° angle of attack 

  

Figure 8: Velocity distribution at 20° angle of attack 
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Figure 9: Velocity profile over the upper surface of aerofoil 

 
 

 

 
Figure 10: Velocity profile over the lower surface of aerofoil 

 

In Figs. 9 and 10, the experimental results from Figs. 4-8 

are presented together for comparisonof velocity profiles at 

different angles of attack. Some trends can be observed on 

the upper surface velocity distributions (Fig. 9); firstly, the 

point of flow separation (where velocity first becomes zero) 

steadily shifts towards the leading edge as the angle of 

attack increases from -20° to 20°. This makes intuitive sense 

as at higher angles of attack, flow fails to bend steeply in 

order to follow the profile of aerofoil, thus separates early. 

In other words, when the aerofoil goes from a negative 

angle of attack to a positive angle of attack, the upper 

surface faces away from the incoming wind stream, i.e., as 

angle of attack becomes higher, more air directly strikes the 

lower surface. This can be observed in Fig. 10, as at non-

negative angles of attack (0°, 10°, 20°), at no point along the 

lower surface does velocity become zero (except for some 

local turbulence encountered at 0° at point 3 in Fig. 10). As 

seen in Fig. 9, at higher angles of attack, air finds it difficult 

to follow the curvature of the upper surface and hence 

velocity drops to zero quickly as angle of attack is made 

increasingly positive.Secondly, the velocity drops sharply 

from point 2 to point 3 at non-negative angles of attack (0°, 

10°, 20°). This can be explained by the fact that the 

maximum camber of the aerofoil occurs between points 2 

and 3, thus the flow struggles to remain attached to the 

surface after crossing the point of maximum camber, and a 

sharp drop in velocityis obtained. The sharpest drop can be 

seen at the largest angle of attack (20°). At negative angles 

of attack, this is not observed as the upper surface is 

exposed towards the free wind. Local turbulence is 

recognized as the cause for some negative values of velocity 

observed. 
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In Fig. 10, where velocities have been shown on the 

lower aerofoil surface, it can be clearly observed that for 

negative angles of attack, flow separates right after the first 

point, whereas for non-negative values of angle of attack, 

the flow remains attached throughout. This makes sense as 

the lower surface is mostly flat and exposed to the free wind 

at positive angles of attack, thus flow easily follows the 

aerofoil profile. Again, local turbulence causes some 

velocity values to become negative. 

4. CONCLUSION 

The velocity measurements carried out on a non-

conventional NACA3119 aerofoil at five different angles of 

attack: -20°, -10°, 0°, 10°, 20°, are compared graphically. 

The point of flow separation on the upper surface is found to 

advance towards the leading edge when the angle of attack 

increases from negative to positive. On the lower surface, no 

flow separation is found to take place at zero and positive 

angle of attack. Some negative velocities are observed 

which may be attributed to local turbulence. The contrasting 

observations for the different surfaces are a result of the 

asymmetric nature of the aerofoil.   
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