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Abstract: This work will focus on review of Design and 

Simulation of Horizontal Axis Wind Turbine rotor blades 

through General Public Licensed Software QBlade. QBlade 

utilizes the Blade Element Momentum (BEM) method for 

the simulation of horizontal 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. 
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I. INTRODUCTION 

It is observed that there are growing concerns about future 
global energy demand and environmental pollution. To 

reduce these concerns to some extent, global communities are 

trying to find and implement different energy saving 

strategies, technology, and alternative sources of energy for 

different sectors that rely on energy produced from different 

sources. In that regard wind energy development will play a 

significant role to meet future energy demand and reduce 

environmental pollution to a certain extent. Energy is 

available in two different alternatives, non-renewable (coal, 

fuel, natural gas) and renewable (solar, wind, hydro, wave) 

sources.  Especially, after the industrial revolution, in the 19th 
century, first coal and then fuel oil are used as primary 

energy sources for the needs of modern communities. As 

known fossil fuels have limited potential and at current rates 

of exploitation they are expected to deplete within the next 

centuries. This is one of the reasons why clean, sustainable 

and environmentally friendly alternative energy resources are 

currently sought.  The accumulation of carbon dioxide in the 

lower layers of the atmosphere gives way to climate change, 

floods, intensive rainfalls and droughts. In order to reduce 

these dangerous effects, it is the responsibility of each 

country to improve the quality of the energy resources, and if 

possible, to replace fossil fuels (coal and oil) with renewable 
alternatives wind, solar and other energy sources. Faced with 

energy crises in 1973 western countries began to search for 

their own clean and renewable energy (RE) sources (wind, 

solar, biomass, etc.) which are effective but they must 

inevitably compete against the conventional energy 

sources.In this competition, energy sources with huge and 

renewable raw materials have the advantage in the long run. 

Atmospheric environment is polluted due to thermoelectric  

 

power plants and petroleum materials since the industrial 

revolution. The pollution crises are the catalysts for the 

search and development of RE sources. The environmental 

impact of fossil fuels, in the form of air pollution, acid rain 

and greenhouse effects in addition to their limited 
availability gave added importance to the use of conventional 

and renewable alternative energy sources, such as solar, wind 

and solar-hydrogen energies. Recently, renewable and clean 

energy generation technological developments facilities 

became available on the energy market. Among the 

renewable alternatives, wind energy has an important 

potential role, and wind-power farms are becoming widely 

used all over the world. Wind energy can be utilized for a 

variety of functions ranging from windmills to pumping 

water and sailing boats. With increasing significance of 

environmental problems, clean energy generation becomes 
essential in every aspect of energy consumption. Wind 

energy is very clean but not persistent for long periods of 

time. In potential wind energy generation studies fossil fuels 

must be supplemented by wind energy. There are many 

scientific studies in wind energy domain, which have treated 

the problem with various approaches [01, 02 , 03 and 04]. 

General trends towards wind and other RE resources 

increased after the energy crises of the 20th century 

[05].During the last decade, wind energy is developed and 

extended to industrial use in some European countries 

including Germany, Denmark and Spain. Their success in 
wind energy generation has encouraged other countries to 

consider wind energy also in their electricity generation 

systems. Its clean, economic, practical and renewable 

interaction with the environment soon draws attention from 

political, business circles and individuals [06]. 

 

II. HORIZONTAL AXIS WIND TURBINE 

Horizontal-axis wind turbines (HAWT) have the main rotor 

shaft and electrical generator at the top of a tower, and  may 

be pointed into or out of the wind. Small turbines are pointed 

by a simple wind vane, while large turbines generally use 

a wind sensor coupled with a servo motor. Most have a 
gearbox, which turns the slow rotation of the blades into a 

quicker rotation that is more suitable to drive an electrical 

generator Parts of the wind turbine. The blade is one of the 

most important components of wind turbines. A successful 

structural design of Horizontal-Axis Wind Turbine (HAWT) 

blades must satisfy a wide range of objectives, such as 

minimization of weight and cost, resistance to extreme and 

fatigue loads, restricted tip deflections, and avoiding 
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resonances, but some of these objectives are in conflict [07]. 

The rotor of HAWT designed aerodynamically to capture the 

maximum surface area of wind in order to spin the most 

ergonomically. The blades are lightweight, durable and 
corrosion-resistant material. The best materials are 

composites of fibreglass and reinforced plastic. the blades of 

HAWT are of two types, the first one is of lifting style , 

These are the most efficiently designed, especially for 

capturing energy of strong, fast winds. Some European 

companies actually manufacture a single blade turbine, and 

the second one is of drag style wind turbine blade, The drag 

style wind turbine blade, most popularly used for water mills, 

as seen in the old Dutch windmills. The blades are flattened 

plates which catch the wind. These are poorly designed for 

capturing the energy of heightened winds. In this paper we 

are going to focus the desiging and simulation of a horizontal 
axis wind turbine blade by the use of QBlade software. 

 
Fig. 1 Blade of HAWT 

 

III. QBLADE 

The software project QBlade[08] was started in 2010 at the 

chair of fluid mechanics of the TU Berlin. The motivation 
was to create a single tool that comprises all the functionality 

needed for aerodynamic wind turbine design and simulation 

without the need to import, convert or process data from 

other sources (Fig.2.).in order to encourage the research on 

wind turbine worldwide this software is  made available and 

distributed freely under GPL licence[09]. 

 Functions of QBlade software: 

 Airfoil design and analysis 

 Lift and drag polar extrapolation 

 Blade design and optimization 

 Turbine definition and simulation 

 
A. Software Module: 

 
Fig.2. softwre module inside the QBlade[09] 

B. Home Screen  

Fig.3 Home Screen HAWT 

 
Fig.4 Home Screen VAWT 

Home screen depicts Design options of HAWT and VAWT. 
Upon switching HAWT mode [Fig 3] 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 4]  we get VAWT  Rotor blade Design, Rotor 

DMS Simulation and Turbine DMS Simulation.  

 

C. Profile Input & Design  

 
Fig. 5 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 NACA0018and NACA4412 are 

shown in thick Red and Blue shades (Fig 5).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 prabhat in blue colour. (Fig 7) 

http://www.turninesinfo.com/tag/wind-turbine
http://www.turninesinfo.com/tag/wind-turbine
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Fig. 6 NACA Profile Input 

Fig. 7 Random Profile customization 

 

D. X Foil Direct Analysis  

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 7) 

Fig. 8 X foil Analysis 

After clicking OK We get the result in terms of Power Co 

efficient and Pressure Distribution all along the contour of 

Aerofoil which can be seen as Green rays (Fig 8) 

 
Fig. 9 Pressure Distribution along Aerofoil 

E. Polar Extrapolation to 3600  

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. 10 Creating X foil Polar 

 

F. HAWT Rotorblade Design: 

This Module is used for Blade profile Design of Wind 

Turbine blades. For HAWT in current case We have to enter 

values position, Chord, profile Shape at particular sections 

and Polar for designing (Fig 10). 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 11) 

 
Fig. 11. Customization of Rotor blade sections 

In current paper We are designing HAWT Rotor For which  

We will only alter the values of position  and chord and 

profile shape of Turbine rotor. 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. 12 Resultant HAWT Rotor blade 
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G. HAWT BEM Simulation: 

The analysis of a HAWT is based on the classical blade 

element momentum method, as described by Hansen[10]. 

The BEM combines the blade element theory, to account for 
the local blade forces, with a momentum balance over the 

rotor disc that models the flow field. Blade forces and flow 

momentum are related over discrete angular rotor sections. 

This relation leads to a set of equations that can be solved 

iteratively. The BEM assumes uniform, steady state inflow 

and radial independence of the two dimensional airfoil 

sections. From these assumptions three dimensional effects, 

that play an important role in wind turbine aerodynamics, are 

not considered in the equations [09]. Click BEM Simulation 

on Software module and set customized values of angles and 

after clicking ―Start BEM‖ After clicking OK we get 

Computed values in Different plots.(Fig 13) 

 
Fig 13 BEM Simulation Results 

 

H. HAWT Multi Parameter BEM Simulation: 

In this tab We can set range of Wind speed, Rotational Speed 

and Pitch angle for Multi parameter Simulation and after 

clicking ―Multi parameter BEM Simulation‖ We get Results 

in different plots. In Fig 14 we can see four plots of 

Simulation. 

 
Fig 14 Multi parameter BEM Simulation 

 

IV. CONCLUSION 

The design and simulation of Horizontal axis wind turbine 

using the software QBlade is quite easy and effective as 

compared to other simulation methods and softwares, it 

already has various blade profiles like NACA profile of 4 and 

5 digit both so that we dose not required to import that profile 

from any other module, for the sake of customization of 

blade profile according to us is very easy by changing the 

contour of that profile and we can save as that profile  by any 

different name and after that we can compare with other 

preset profile. In this module simulation is quite effective, it 
uses  BEM simulation method for the HAWT rotor blades 

and DMS simulation for VAWT rotor blades. The best thing 

is the free distribution of QBlade software under GPL, It 

leads to broad application and thorough validation of the 

software by the research community. 
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