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Abstract 

 

This work concentrates on   review of Design and Simulation of Vertical Axis Wind Turbine rotor blades through General Public 

Licensed Software Q blade. Though not being used in Mazority like Horizontal Axis Wind Turbine but with advantage of being 

omnidirectional for incoming wind velocity, grounded generator assembly they are coming into attention of Modern reearchers. 

This paper can be said as tutorial of this Dedicated Wind turbine simulation software. 
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I. INTRODUCTION 

With recent surge in fossil fuel prices and demand for cleaner renewable energy sources, wind turbines have become an 

alternative technology for power generation. Greenhouse gases such as carbon dioxide (CO2) emitted into the atmosphere 

contributes to the global climate change. Wind energy is fast ecoming an alternative source of energy to generate power. With 

the current state of the world  development, our demand for energy has increased exponentially and as a result, more fossil fuel 

such as coal are burnt  resulting in CO2 emissions into the atmosphere. The emission of CO2 into the atmosphere contributes to 

the global climate change. To tackle this problem, many of the developed nations are continuing to invest heavily in renewable 

energy sources. As part of the global CO2 emission reduction strategy, Australia has developed policies to generate power from 

renewable energy of at least 20% by the year 2020[1]. 

Harnessing the energy of the wind is a clean and reliable way of reducing our dependency on fossil fuel thereby decreasing the 

CO2 emission into the atmosphere. Wind turbines allow the conversion of wind energy to kinetic energy for electricity 

generation. While there are currently a range of wind turbines being used for power generation, the bulk of these wind turbines 

are extremely large and used for large scale power producing (up to 4 MW) 
[2]

 These large wind turbines are required to be 

placed in non-populated areas where there is minimal flow disturbance from nearby objects as well as to minimise discomfort to 

surrounding dwellings. The type of wind turbines available today, the horizontal axis wind turbine (HAWT) is the most common 

type of wind turbine both commercially and domestically 
[3]

 The geometrical shape and size of the blades are very critical as they 

ultimately determine the amount of energy that can be extracted from the wind. Unlike HAWTs, which requires a yaw 

mechanism to align itself at the direction of the wind, vertical axis wind turbines (VAWTs) are less sensitive to a change in wind 

direction. This is particularly an important advantage for the effective use of VAWTs in urban and suburban environments 
[4]

 

VAWTs are typically classified into two categories: a Darrieus and a Savonius. A Darrieus turbine rotor relies on lift to generate 

torque, whereas a Savonius turbine rotor relies on drag. Both of this type design have a single purpose that is to, generate power 
[5]

 Regardless of the type of wind turbine, the main goal of a wind turbine is to extract as much energy as possible from the wind. 

Every object, including air, in motion will have some sought of kinetic energy. The kinetic energy of air passing through the 

turbines is converted into mechanical energy and  ultimately into electrical energy. To determine the amount of power available 

in the wind, the following equations are used.                                         

Ek = ½ mV
2
                                                               (a)  

  dm/dt  = ρAV                                                           (b) 

Substituting Eq. (2) into Eq. (1), the idealized equation for power generated from wind by the turbine is obtained as shown in 

Eq. (c) 

P = ½ ρAV
3
                                                        (c) 

The maximum theoretical coefficient of performance or otherwise known as Betz limit is defined as 16/27 or 0.59 [6]. What 

this actually means is that for any given wind turbine, the maximum energy it can extract from the wind is 59 per cent of the 

winds energy. In practice however, the best modern wind turbine can achieve a coefficient of performance of about 40 per cent. 

This is the maximum value, achievable over a narrow band of wind speeds. The actual coefficient of performance will vary with 

wind speeds. Small scale wind turbines can generate electricity for households and in turn reduce the power bill and carbon 



Design and Simulation of Darrieus (Eggbeater) Type Vertical Axis Wind Turbine using Open Source Software Q Blade  
(IJIRST/ Volume 1 / Issue 12 / 029) 

 

 
All rights reserved by www.ijirst.org 163 

footprint. However, a residential wind turbine needs to be small and inexpensive to mount and install as well as to operate 

efficiently. The small scale wind turbine can be installed on roofs of houses and on buildings 
[7] 

.It is well known that there are a 

large number of small scale wind turbines in the market that can be implemented in a domestic environment, however, their 

power generation efficiencies are questionable. Small scale wind turbines face complex wind conditions at the height at which 

they operate. Due to the complexity of wind conditions in built up areas, where the atmospheric wind is highly turbulent, small 

wind turbines need a smart design that can operate more efficiently and generate more power at low wind  speeds. A major 

disadvantage for VAWTs is that, as the airflow moves through the rotor, it has to come in to contact with the rotating blades as it 

exits the rear. This creates a negative torque on the rotor and the exiting air stream is directed back in to the incoming free 

stream. A turbulent region is produced due to the interaction of the exiting air stream and incoming free stream which not only 

introduces losses minimising efficiency, but also creates a pressure fluctuations that produce vibrations in the turbine 
[8]

. This 

unstable flow restricts the rotor from accelerating to higher torque producing speeds. In order for VAWTs to extract maximum 

energy and reduces losses due to turbulence, it is important to have a good understanding of the flow behaviour on VAWTs. 

II. EGGBEATER TYPE VERTICAL AXIS WIND TURBINE 

The Darrieus wind turbine is a type of vertical axis wind turbine (VAWT) used to generate electricity from the energy carried in 

the wind. The turbine consists of a number of curved aerofoil blades mounted on a vertical rotating shaft or framework. The 

curvature of the blades allows the blade to be stressed only in tension at high rotating speeds. There are several closely related 

wind turbines that use straight blades. This design of wind turbine was patented by Georges Jean Marie Darrieus, 

a French aeronautical engineer in 1931. In the original versions of the Darrieus design, the aerofoils are arranged so that they 

are symmetrical and have zero rigging angle, that is, the angle that the aerofoils are set relative to the structure on which they are 

mounted. This arrangement is equally effective no matter which direction the wind is blowing—in contrast to the conventional 

type, which must be rotated to face into the wind. 

When the Darrieus rotor is spinning, the aerofoils are moving forward through the air in a circular path. Relative to the blade, 

this oncoming airflow is added vectorially to the wind, so that the resultant airflow creates a varying small positive angle of 

attack (AoA) to the blade. This generates a net force pointing obliquely forwards along a certain 'line-of-action'. This force can 

be projected inwards past the turbine axis at a certain distance, giving a positive torque to the shaft, thus helping it to rotate in the 

direction it is already travelling in. The aerodynamic principles which rotate the rotor are equivalent to that in autogiros, and 

normal helicopters in autorotation. 

As the aerofoil moves around the back of the apparatus, the angle of attack changes to the opposite sign, but the generated 

force is still obliquely in the direction of rotation, because the wings are symmetrical and the rigging angle is zero. The rotor 

spins at a rate unrelated to the windspeed, and usually many times faster. The energy arising from the torque and speed may be 

extracted and converted into useful power by using an electrical generator. 

 
Fig. 1: Eggbeater type VAWT 
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III. Q BLADE SOFTWARE 

 Home Screen: A.

 
Fig. 2 (a): Home Screen HAWT 

 
Fig. 2 (b): Home Screen VAWT 

Home screen depicts Design options of HAWT and VAWT. Upon switching HAWT mode [Fig 2(a)] We get tabs – HAWT 

Rotor blade Design, Rotor BEM Simulation, Multi parameter BEM Simulation, Turbine BEM Simulation, Q FEM Structural 

Design and Analysis, Turbulent Windfield Generator and FAST Simulation and on choosing VAWT mode [Fig 2(a)]  we get 

VAWT  Rotor blade Design, Rotor DMS Simulation and Turbine DMS Simulation. 

 Profile Input & Design: B.

 
Fig. 3: Blade Profile Design 

Click Aerofoil Design tab and add predefined NACA (National Advisory Committee for Aeronautics) profiles , you can 

simultaneously add two or more profile and can be customised in different colour and thickness for further investigation. Two 

Profiles NACA0012 and NACA0018 are shown in thick Red and Blue shades (Fig 4).There is a flexible tool of preparing User 

defined profiles by altering the positions of control points. And can also be renamed like a profile here is named ritesh in Green 

colour. (Fig 5) 
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Fig. 4: NACA Profile Input 

 
Fig. 5: Random Profile customization 

 X Foil Direct Analysis: C.

Select X foil Direct Analysis and click Define XFoil Polar Button, Upon entering the values of Reynold Number and clicking 

OK We get a Window at which We enter Starting and End angle with difference of angle.   (Fig 6) 

 
Fig. 6: X foil Analysis 

After clicking OK We get the result in terms of Power Co efficient and Preesure Distribution all along the contour of Aerofoil 

which can be seen as Green rays (Fig 7) 
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Fig. 7: Pressure Distribution along Aerofoil 

 Polar Extrapolation to 360
0 

D.

When any Aerofoil is designed it has to perform in a range of Angle of attacks. For having these results for all angle of attacks 

We use this Extrapolation.  

 
Fig. 8: Creating X foil Polar 

 VAWT Rotorblade Design of Darrieus Rotor: E.

This Module is used for Blade profile Design of Wind Turbine blades. For VAWT in current case We have to enter values 

height, Chord, radius, profile Shape at particular sections and Polar for designing (Fig 9). In this tab We can also customize the 

display of Rotor, Perspective view, Foil positions, Foil names for better view during designing. For better blade design one has to 

add multiple number of sections (Fig 10) 

 
Fig. 9: VAWT Rotor blade Design 
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Fig. 10: Defining Variables at Different Sections 

 
Fig. 11: Customization of Rotor blade sections 

In current paper We are designing Darrieusn (Eggbeater)  VAWT Rotor For which  We will only alter the values of height and 

radius of Turbine rotor at different sections, here we took 13 sections. (Fig 9 and Fig 10). After pressing OK We got sharp 

contoured profile for which We did use Optimization option and used Arc option and range of sections at which uniform 

curvature is to be maintained, and after clicking OK We get perfectly shaped body of rotor (Fig 11). 

 
Fig. 11: Resultant VAWT Rotor blade 
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 VAWT DMS Simulation: F.

The Double Multiple Stream tube (DMST) version de-veloped by Paraschivoiu 
[11] 

models allowed for the difference between the 

upwind and downwind passes of each blade by dividing each stream tube into an upwind half and a downwind half. The 

turbine‘s interaction with the wind in the upwind and downwind passes of the blades separately. The assump-tion is made that 

the wake from the upwind pass is fully expanded and the ultimate wake velocity has been reached before the interaction with the 

blades in the downwind pass. The downwind blades therefore see a reduced ‗free-stream‘ velocity. This approach more 

accurately represents the variation in flow through the turbine. 

Click DMS Simulation on Software module and set customized values of angles and after clicking ―Start DMS‖ (Fig 12) After 

clicking OK we get Computed values in Different plots.(Fig 13) 

 
Fig. 12: DMS Simulation Settings 

 
Fig. 13: DMS Simulation Results 

 VAWT Multi Parameter DMS Simulation: G.

In this tab we can set range of Wind speed, Rotational Speed and Pitch angle for Multi parameter Simulation and after clicking 

―Multi parameter DMS Simulation‖ We get Results in different plots. In Fig 14 we can see four plots of Simulation. 

 
Fig. 14: Multi parameter DMS Simulation 
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IV. CONCLUSION 

Recently, a new interest in Vertical Axis Wind Turbines (VAWT) has can be observed. One reason is their ability to capture 

wind from all directions, which is utile in urban areas where no main wind direction can be found because of numerous barriers 

(buildings, trees etc.) and flow channeling  effects. However, the installation of small-scale VAWT‘s on the top of large building 

is a new idea to support the production of clean energy in urbanized areas. Another approach is the development of huge vertical 

offshore applications. Though, the rotation of a VAWT blade that passes its own wake during a revolution poses some new 

problems for the simulation and power analysis of such wind turbines. Extensive research including field tests and software 

development lead to a model introduced by Ion Paraschivoiu, the Double-Multiple Stream tube (DMS) model. It considers the 

circular path of the blade and the energy extraction in 2 steps (up and downstream of the rotational axis) and will be the subject 

of a subsequent paper. 

The software QBlade is developed as an open source framework for the simulation and design of wind turbines. QBlade 

utilizes the Blade Element Momentum(BEM) method for the simulation of horizontal axis-and a Double Multiple Streamtube 

(DMS) algorithm for the simulation of vertical axis wind turbine performance. For the design of custom airfoils and the 

computation of airfoil lift-and drag coefficient polars the viscous-inviscid coupled panel method code XFOIL is integrated within 

the graphical user interface of QBlade. Additionally ,a module for the extrapolation of airfoil polars, beyond the stall point, for a 

360° range of angles of attack is integrated. The resulting functionality allows the use of QBlade as a comprehensive tool for 

wind turbine design. QBlade is constantly being maintained, validated and advanced with new functionality. 
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