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ABSTRACT 

Small wind turbines are primarily intended for places with low wind speeds and no access to grid 

power. As a result, small wind turbines must function under low-wind conditions, which results 

in a lower operational Reynolds number. A smaller rotor blade diameter reduces Reynolds 

number, resulting in lower power coefficient and output values. Optimizing the twist of 

the wind turbine blade is one approach to increase the performance of tiny wind turbines. In 

this study, the Q-blade programme was used to simulate and optimise a tiny wind turbine blade. 

The major goal of the project is to improve the power coefficient by optimising the blade twist. 

Blade element momentum theory (BEM) is used in Q-blade to simulate the performance of the 

modelled blade. The blade was further tuned for maximum angle of attack after the 

experimental and simulation findings were compared. It was discovered that the experimental 

value of maximum Cp was 0.224, while the simulated value was 0.24. It was discovered that 

the average error between field data and simulation was 2.71 percent. The maximal Cp after 

optimization was 0.333. It was discovered that modifying the blade twist results in a significant 

increase in power. 

.  
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1. INTRODUCTION 

 

Small wind turbines, from less than 1000-watt (1 kW) turbines to 300 kW turbines 

(CanWEA,2008). The smaller turbines might be as small as the auxiliary power generator of 

50 Watts for a boat, caravan or micro cooling unit. The standard IEC-61400-2:2006 defines 

small wind turbines as wind turbines with a swept rotor area less than 200 m2. A small wind 

turbine with a maximum power output of 50 kW was defined by Clausen and Wood (2000) 

and sub-divided into three categories: micro turbines (maximum 1 kW), mid ranges (larger 

than micro turbines and smaller than mini ones), generally 1 kW to 5 kW, and mini turbines 

with an output greater than 20 kW. There are numerous situations in which we can use small 

wind turbines for household and agricultural purposes, for example. Depending on the axis of 

rotation, these turbines are classed as Horizontal Axis Wind Turbines (HAWT) and Vertical 

Axis Wind turbines (VA WT). In most applications, HAWT are commonly utilised with a wind 

speed and a turbine  

 

diameter square power generation, which means that power generated at any time is a function 

of the wind speed and turbine swept area. The power coefficient of small wind turbines is 0.25 

or higher compared to the huge turbines with a power coefficient (Cp) of about 0.45 (Gross & 

Fasel,2011). But aerodynamic optimization of the rotor blades with optimization of chord and 

twist distribution, aerofoil selection and the speed ratio can enhance the power coefficient for 

tiny wind turbine. 

A study of the performance of small wind turbines suggests that the measured power coefficient 

for small turbines is approximately 12% -20% (Gross & Fasel,2011). The low aerodynamic 

performance of the blades means that the power coefficient is low, such as the non-optimum 

alternator design, wind load controller and topology of loading. The power coefficient must 

therefore be maximised in order to boost the performance of a tiny wind turbine. The blade 

must therefore be adjusted for maximum power coefficient value.  

 

Problem Statement 

Having known that power coefficient of small wind turbines lies in the range from 0.25 to 0.1, 

it is needed to improvise their Cp by optimizing the operating variables. Hence the problem 

being addressed is to Design and optimization of 3.2 kw small wind turbine blade. 

 

2. DESIGN & ANALYSIS 

Blade Design and Optimization 

 

Method of dynamic blade element (BEM). BEM brings together dynamic theory or disc 

actuator theory which describes local blade occurrences. The blade is divided into a few 

components of the blade. The BEM theory comprises two methods to the operation of wind 

turbines. The first way is to use a dynamic balancing in a spinning ring tube by a turbine. The 

second is to investigate the lifting forces and the drag coefficients generated by the aerofoil in 
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various regions of the blade. These two methods present a number of equations that can be 

resolved successfully. 

Iteration Procedure 

 

The iteration variable in BEM method are axial and radial induction factors respectively 

which are given by following equation 

𝑎 = (
4𝑠𝑖𝑛∅2

𝜎𝐶𝑛
+ 1)

−1

 

𝑎′ = (
4𝑠𝑖𝑛∅𝑐𝑜𝑠∅

𝜎𝐶𝑡
− 1)

−1

 

 

where ∅ is inflow angle, Ct and Cn the tangential and normal force coefficients and 𝜎 is rotor 

solidity

 Fig.1. Velocities at rotor plane (Marten 2013). 

 

If the induction factors are known, it possible to compute the inflow angle (∅). Which gives 

the angle of attack the angle between the aerofoil chord line and the relative windspeed 

experienced by the rotating blade 

𝛼 = 𝜑 − 𝛳  

where 𝛼 is angle of attack, 𝛳 is angle of twist. 

The aerofoil's lifting and drag forces can be calculated by knowing the angle of attack. New 

induction factors from these forces can be calculated and compared to the initial induction 

factors. Iteration then goes on to converge values and the following element can be calculated. 

 

Blade Geometry 

The blade design module allows rotors and blades to be designed in an efficient and 

straightforward way. The aerophiles that spread over different radial (HAWT) or height 

(VAWT) regions of a blade within the aerophile module constitute a rotor blade. The blade is 

split into 100 elements, and for each blade element, the following parameters must be given: 

Position (m) 

Chord (m) 

Twist angle (degrees) 

 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 12 (Dec) - 2022

http://ymerdigital.com

Page No:1746



   

 

For the design and simulation of blade the information in Table. 1 has been used in current 

project to provide the geometry of the blade for further analysis. 

Table.1. Geometry of existing blade. 

Position (m) Chord (m) Twist (Degree) 

0.57375 1.670 0 

0.6615 1.582 0 

0.74925 1.494 0 

0.83925 1.406 0 

0.927 1.319 0 

1.01475 1.231 0 

1.1025 1.143 0 

1.19025 1.055 0 

1.28025 0.967 0 

1.368 0.879 0 

1.45575 0.791 0 

1.5435 0.703 0 

1.6335 0.615 0 

1.72125 0.527 0 

1.809 0.440 0 

1.89675 0.352 0 

1.9845 0.264 0 

2.0745 0.176 0 

2.16 0.088 0 

2.25 0.000 0 

Fig.2 shows the 3-D blade model generated in Q-blade. Then rotor BEM simulation was 

performed to evaluate the performance of the turbine. 

 

 
Fig. 2. Existing blade model in Q-blade. 
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Blade Optimization 

The designed blade is optimized in blade optimize module in Q-blade. The user has to choose 

a tip speed ratio 𝜆0 to optimize for, and the positions of blade that are to be optimized. From 

this tip speed ratio, an assumed inflow angle is computed for every section 

𝛼𝑙𝑜𝑐 = tan−1 (
1

𝜆0,𝑙𝑜𝑐

2

3
) 

The designed blade is optimized for tip speed ratio of 4 and the optimum value of Cl/Cd  at  

which angle of attack is 40 as shown in Fig.2. The Optimize lift/drag sets the twist to blade, at 

the specified 𝜆0,𝑙𝑜𝑐  at which the blade section operates, to an angle of attack that yields the 

highest glide ratio. The changes in the geometry of the optimised blade is given in Table.2 and 

the model of optimized blade is shown in Fig.3. It is seen that after optimising the blade a twist 

of 18.830 to 1.460 was set. 

Then again, the BEM simulation was performed for optimized blade and the results were 

compared with the non-optimized blade which is discussed in next section. 

 

Table.2. Geometry of optimized Blade at α=4 degree. 

 

Position (m) Chord (m) Twist (degree) 

0.57375 1.670 18.8311 

0.6615 1.582 16.5662 

0.74925 1.494 14.6351 

0.83925 1.406 12.9332 

0.927 1.319 11.4943 

1.01475 1.231 10.2343 

1.1025 1.143 9.12257 

1.19025 1.055 8.13524 

1.28025 0.967 7.23162 

1.368 0.879 6.44102 

1.45575 0.791 5.72694 

1.5435 0.703 5.07897 

1.6335 0.615 4.47404 

1.72125 0.527 3.93504 

1.809 0.440 3.44009 

1.89675 0.352 2.98407 

1.9845 0.264 2.56262 

2.0745 0.176 2.16235 
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2.16 0.088 1.80894 

2.25 0.000 1.46232 

 

 

 

 

 

Fig. 3. Optimized blade model in Q-blade 

 

 

3. RESULTS 

The results obtain from BEM simulation for existing blade (present simulation) is compared 

with experimental data provided by the manufacturer. Fig. 4, Fig. 5, Fig.6 shows the CR- 

windspeed curve of existing blade and for optimized blade. 

 

 
Fig. 4. CR- windspeed curve of existing blade. 
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Fig. 5. CR- windspeed curve for optimized blade. 

 

 

Fig. 6. CR-λ curve 

 

From Fig. 5. it is noticed that 𝐶𝑝 varies significantly with wind speed, the maximum value of 

power coefficient occurs around the wind speed of range 5 m/s to 10 m/s. For present 

simulation the maximum value of 𝐶𝑝=0.24 whereas the experimental value of maximum 

𝐶𝑝=0.224. The values of power coefficient are in close agreement with experimental results 

provided by manufacturer. The average error between experimental results and present 

simulation was found to be 2.71%. In Fig.6. the optimised blade results are compared with the 

existing blade results and found that power coefficient is improved in case of optimised blade 

with twist. The maximum 𝐶𝑝=0.33 was obtained in case of optimised blade design. 

Also, from Fig. 7 it is seen that the maximum power coefficient lies in between TSR of 3-5 in 

case of optimized and existing blade (present simulation). The average error between 

experimental results and present simulation was found to be 2.71%. 
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Fig. 7. Power-wind speed curve 

 

The production of wind turbines increases with the wind speed as seen in Fig.7 . The present 

blade output experimental results are compared to the optimised blade output. The power 

output of the existing blade was 2000 W, with a rated wind speed of 11 m/s and an optimised 

blade of 3984 W. The power output was discovered to be improved by twisting the blade at the 

best angle of attack. The power output for the enhanced blade is 1,5-1,6 times the power output 

for the old blade. 

 

4. CONCLUSION 

The main aim of the work was to design and optimize a 3.2 kw small wind turbine blade. The 

work has been carried out using an open source software Q-blade. The existing blade of 

WHISPER 500 wind turbine manufactured by Wish Energy Pvt Ltd was simulated and 

optimised to improve its power coefficient. The experimental results provided by manufacturer 

are compared with the simulation result from Q-blade software. The results found were in close 

agreement to experimental data. The average error reported in experimental and simulation 

results was 2.71%. The error in results might occurred due to fixed Reynolds number 

(Re=200000) taken in simulation. The coefficient of power in case of Q-blade simulation was 

found to be 0.24 and the experimental value of manufacturer is 0.224. Further the existing blade 

is optimized for maximum value of lift/drag at angle of attack 4 degrees. The results obtained 

showed that the power coefficient improved to 0.33 in case on optimized blade. It was found 

that by giving twist to blade for optimum angle of attack the power output increased. The power 

output obtained in case of optimized blade is 1.5-1.6 times the power output obtained in case 

of existing blade. 
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