
© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002 

IJIRT 196280 INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 2722 

Design And Analysis of Wind Turbine Blades 
 

 

Sakshi Kokate1, Dhanashree Thosar2, Netri Dafade3 

1,2,3 Department of Mechanical Engineering, Student, Sipna College of Engineering and Technology, 

Amravati, Maharashtra, India. 

 

 

Abstract—Wind energy is an important source of power 

used for sustainable energy generation. Wind turbine 

(WT) design is the process of developing the 

specifications and structure of a wind turbine to convert 

wind energy into usable energy. A wind turbine (WT) 

consists of several components that work together to 

capture wind energy. One is turbine, which converts 

mechanical rotation into electrical energy, other 

components to start, stop and control the turbines. The 

blades of the wind turbine act as aerodynamic airfoils 

that convert the kinetic energy of wind into rotational 

mechanical energy. They are designed to optimize energy 

by pitching, or rotating, to adjust wind speed. The blades 

are designed to be lightweight, strong and capable of 

withstanding continuous mechanical stresses and 

environmental exposure. The paper focuses on the design 

and analysis of wind turbine (WT) blades for small-scale 

applications. Basic analysis is carried out to understand 

the effect of wind speed and blade dimensions on power 

generation. 

 

Index Terms—aerodynamic analysis, blade design, Drag 

force, Lift force, power generation, renewable energy, 

sustainable energy, turbine blades, Wind turbine. 

 

I. INTRODUCTION 

 

Renewable energy (RE) is the energy derived from 

natural resources that are replenished at higher rate 

than they are consumed. Sunlight and wind are such 

sources that are constantly being replenished. Wind 

energy (WE) harnesses the kinetic energy of moving 

air by using large wind turbines located on land or in 

sea or freshwater. A wind turbine (WT) is a device that 

converts the kinetic energy of wind into electricity 

using large, aerodynamic blades that spin a rotor and 

generator. The performance and efficiency of a WT 

mainly depend on the design of its blades. Therefore, 

proper blade design is essential for maximizing energy 

output and proper structural design. The increasing 

demand for sustainable energy has led to 

advancements in wind turbine technology. 

II. DESIGN OF (WTBs) 

 

The blade design in a wind turbine (WT) plays a 

crucial role determining its efficiency and 

performance. The blades are responsible for capturing 

the kinetic energy of wind and converting it into 

mechanical energy. Hence proper design of blades is 

essential for maximizing power output. 

 

 Blade Length  

Length of the blade affects the amount of energy 

captured from the wind. Longer the blades, longer is 

the area covered, allowing more wind energy to be 

utilized. 

For small scale wind turbines, the blade length 

typically ranges from 0.5m to 1.5m 

 

Number Of Blades 

Wind turbines use three blades due to the following 

reasons: 

• Aerodynamic Efficiency 

• Smoother Performance 

• Stability and Reduced Stress 

 

Blade Shape  

The blades are designed in an airfoil shape, similar to 

an airplane wing. This shape helps generate lift force, 

which causes the blades to rotate when wind passes 

over them. The airfoil design improves aerodynamic 

efficiency and reduces drag. 

 

Material Selection  

The material used in blade must be: 

• Lightweight: WTBs are designed to be 

lightweight so that they can rotate easily even at 

low wind speeds. Lower weight reduces the load 

on shaft, bearings, and supporting structure, 

which improves the overall efficiency and life of 

the turbine. 
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• Strong Blades: The blades should be strong 

enough to withstand high wind forces and 

mechanical stresses during operation. Strong 

materials prevent structure failure and 

deformation when the turbine is subjected to high-

speed winds. 

• Durable Blades: Durability is necessary as wind 

turbines are continuously exposed to 

environmental conditions such as wind, rain, dust 

and temperature variations. Durable materials 

resist wear, corrosion and fatigue and reducing 

maintenance requirement. 

 

Materials commonly used are: 

• Fiberglass: Fiberglass is used in WTBs because it 

is lightweight and cost-effective. It is also 

resistant to corrosion and environmental effects. 

• Carbon fiber: Carbon fiber is used due to its very 

high strength and low weight. It improves 

efficiency and durability if the turbine. 

• Resins: Resins are used to hold fiberglass and 

carbon fiber together. They also protect the blade 

from moisture and environmental damage. 

• Aluminum: Aluminum is used because it is 

lightweight corrosion-resistant, and easy to shape. 

It provides good strength and it suitable for small 

wind turbine blades.  

• Reinforced plastic: Reinforced plastic combines 

plastic with strong fibers to improve strength and 

durability. 

 

Rotor Diameter 

Rotor diameter is the total diameter covered by the 

rotating blades. It is directly related to blade length. 

 

Blade Angle 

The interaction of blades and the wind is referred as 

Blade Angle or Pitch Angle. The pitch angle controls 

the speed and power output of the turbine. Typically, 

blade angle are maintained in the range of 5⁰ to 15⁰ for 

effective performance. Proper blade angle ensures 

smooth operation and better power generation. 

 

 

 

 

 

The table above shows the design parameters required 

for the WTBs: 

 

III. ANALYSIS OD WTBs 

 

Analysis of wind turbine blades is performed to 

understand how efficiently the turbines can convert 

wind energy into mechanical energy. This 

performance of WT depends on the aerodynamic 

behavior of the blades. 

There are various types of Analysis such as Structural, 

aerodynamic, transient analysis are used to evaluate 

the performance of wind turbine blades: 

a) Transient Structural Analysis:  

Transient Structural Analysis is a method used to study 

how structure behaves when forces change with time. 

It helps in understanding how a Wind turbine reacts to 

different such as wind pressure, vibration, and sudden 

impacts. 

Transient Structural Analysis studies how Wind 

Turbine Blades behaves under changing load with 

time. In this study atmospheric pressure (101325Pa) is 

applied on the blade, and the ends are fixed. The 

analysis is performed for 100 seconds to understand 

the blade’s responds under real conditions. 

b) Aerodynamic analysis: 

Aerodynamic analysis is used to study how air flows 

over the blades of a WT and how efficiently the blades 

convert wind energy into mechanical energy. The 

performance of the blade mainly depends on lift and 

drag forces generated due to its airfoil shape. When 

wind passes over the blade, a pressure difference is 

created between the upper and lower surfaces. 

Efficient blade design maximizes the lift and 

minimizes drag, improving overall performance. 

The lift forces generated on the blade can be calculated 

using the following equation, which plays a major role 

in blade rotation: 

L=
1

2 
𝜌𝑉2𝐴𝐶 

Parameter Value Description 

Blade 

length 

0.5m to 

1.5m 
Length of each blade 

Number of 

Blades 
3 

Improves aerodynamic 

efficiency 

Material Fiberglass Lightweight and strong 

Blade shape Airfoil Improves lift 

Blade angle 5⁰-15⁰ Smooth operation 
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The lift force plays a major role in rotating blades and 

improving the efficiency of the WT. 

The power generated by a WT depends on wind speed, 

as shown in the equation below: 

P=
1

2 
 𝜌𝑉3 

 

IV. RESULT AND CONCLUSION 

 

The design and analysis of WT blades play a crucial 

role in determining the efficiency and performance of 

a WT. In this study, important factors such factors such 

as blade shape, material selection, and design 

parameters were considered. Aerodynamic analysis 

helped in understanding the effect of lift and drag 

forces, while transient analysis provides the behavior 

of blades under varying loads. 

The results show that proper blade design improves 

efficiency and energy conversion. Lightweight, strong, 

and durable materials further enhance performance 

and reliability. Wind energy is a sustainable, 

renewable and clean source of power, efficient blade 

design is essential for maximizing its potential. 
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