Journal of Science Engineering Technology and Management Science ISSN: 3049-0952
Volume02,Issuel 2, December 2025 WwWw.jsetms.com

EXPERIMENTAL INVESTIGATION OF TWISTED VERTICAL AXIS

WIND TURBINE BLADES USING NACA 4-SERIES AIRFOIL PROFILES
'Dr. Meenuga Santhiraj, 2Syed Junaid Ali, *Konda Madhu, *Chinthakindi Mamatha
123 gssistant Professor, *Student
Department of Mechanical Engineering

Sri Chaitanya Technical Campus

To Cite this Article

Dr. Meenuga Santhiraj, Syed Junaid Ali, Konda Madhu, Chinthakindi Mamatha,
“EXPERIMENTAL INVESTIGATION OF TWISTED VERTICAL AXIS WIND TURBINE BLADES
USING NACA 4-SERIES AIRFOIL PROFILES”, Journal of Science Engineering Technology and
Management  Science, Vol. 02, Issue 12, December 2025,pp: 258-264, DOI:
http://doi.org/10.64771/jsetms.2025.v02.112.pp258-264

Submitted: 10-10-2025 Accepted: 20-11-2025 Published: 29-11-2025
ABSTRACT

The growing demand for sustainable and decentralized energy generation has intensified research on
Vertical Axis Wind Turbines (VAWTs) due to their ability to operate efficiently under low wind speed and
multidirectional wind conditions. Blade geometry plays a crucial role in determining the aerodynamic

performance and power extraction capability of VAWTs. This study presents an experimental investigation
of twisted vertical axis wind turbine blades based on NACA 4-series airfoil profiles to evaluate their
influence on turbine performance. Several twisted blade configurations were designed and fabricated using
selected NACA 4-series airfoils, while maintaining identical rotor dimensions and operating conditions.
Experimental testing was conducted in a controlled wind tunnel environment over a range of wind velocities
to measure rotational speed, torque, power output, and coefficient of performance.

The results demonstrate that the incorporation of blade twist significantly enhances aerodynamic efficiency
by improving the angle of attack distribution along the blade span and reducing dynamic stall effects.
Among the tested configurations, the optimized twisted blade exhibited superior performance, achieving
higher rotational speed, increased power coefficient, and improved self-starting characteristics compared
to conventional straight-bladed designs. The experimental findings indicate that twisted NACA 4-series
blades can effectively increase energy capture and operational stability, particularly under variable wind
conditions.

The study confirms the potential of blade twist optimization as a practical approach for improving the
performance of small-scale vertical axis wind turbines. The outcomes provide valuable insights for the
design and development of efficient VAWT systems for renewable energy applications, contributing to
enhanced energy harvesting and sustainable power generation.

Keywords: Vertical Axis Wind Turbine (VAWT), Twisted Blades, NACA 4-Series Airfoils, Aerodynamic
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I. INTRODUCTION
Background of the Study
The increasing demand for renewable energy has
led to extensive research on wind energy systems.
Vertical Axis Wind Turbines (VAWTs) are
gaining attention due to their ability to operate
efficiently in low and variable wind conditions.
The use of twisted blades based on NACA 4-
series airfoils has the potential to improve
aerodynamic performance and energy extraction.
Problem Statement
Conventional straight-bladed VAW Ts often suffer
from low efficiency, dynamic stall, and uneven
aerodynamic loading. There is a need to
experimentally evaluate twisted NACA 4-series
blade designs to determine their effectiveness in
enhancing turbine performance.
Research Objectives

e To design twisted VAWT blades using
NACA 4-series airfoil profiles.

e To experimentally evaluate their
performance under different wind
speeds.

e To compare key parameters such as
rotational speed, torque, and power
output.

e To identify the most efficient twisted
blade configuration.

Scope of the Work
This study focuses on the design, fabrication, and
experimental testing of small-scale twisted
VAWT blades based on NACA 4-series airfoils.
Performance evaluation is conducted under
controlled laboratory conditions using various
wind speeds.
Significance of the Study
The study provides valuable insights into the
aerodynamic benefits of twisted blade designs
and contributes to the development of more
efficient VAWTs. The findings can support future
renewable energy applications and improved
wind turbine designs.

II. LITERATURE REVIEW
Previous Research Works

Several researchers have investigated the
performance of Vertical Axis Wind Turbines
(VAWTs) using different airfoil profiles and blade
configurations. Studies have shown that NACA
4-series airfoils provide good aerodynamic
characteristics, while twisted blade designs can
improve power output, self-starting ability, and
overall turbine efficiency.

Existing Methods and Technologies

Current VAWT technologies mainly include

straight-bladed  Darrieus  turbines, helical

turbines, and hybrid rotor designs. Experimental
testing and Computational Fluid Dynamics

(CFD) simulations are commonly used to

evaluate turbine performance. Twisted or helical

blade configurations are increasingly adopted to
reduce torque fluctuations and improve
aerodynamic stability.

Research Gaps Identified

Most existing studies focus on numerical

simulations rather than experimental validation.

Limited research has been conducted on the

comparative experimental analysis of twisted

NACA  4-series airfoil blades. Further

investigation is needed to evaluate the effects of

blade twist on turbine efficiency, torque
generation, and power output under varying wind
conditions.

III. MATERIALS AND METHODS /
EXPERIMENTAL
METHODOLOGY

Materials Used

Twisted VAWT blades based on NACA 4-series

airfoil profiles were fabricated using lightweight

Additional

components included a mild steel shaft,

acrylic/composite materials.
aluminum support frame, bearings, fasteners, and
a small generator.

Equipment and Instruments

The experimental setup utilized a wind tunnel or
axial fan, digital anemometer, digital tachometer,
torque sensor, multimeter, and data acquisition
system to measure turbine performance
parameters.
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Design Specifications

The turbine consisted of three twisted blades with
NACA  4-series  airfoil
specifications included a rotor diameter of

sections.  Key

approximately 0.5—1.0 m, rotor height of 0.8—1.2
m, and twist angles ranging from 10° to 30°.
Experimental Setup
The VAWT was mounted on a rigid frame and
positioned in front of a controlled airflow source.
Wind velocity, rotor speed, torque, voltage, and
current were measured using calibrated
instruments under various operating conditions.
Testing Procedure
The turbine was tested at different wind speeds.
For each test, wind velocity, rotational speed,
torque, and electrical output were recorded. The
collected data were used to calculate power
output and coefficient of performance, enabling
comparison of the twisted blade configurations.
IV.  PROPOSED SYSTEM / DESIGN
METHODOLOGY
CONCEPTUAL DESIGN

The proposed system consists of a Vertical Axis
Wind Turbine (VAWT) equipped with twisted
blades based on NACA 4-series airfoil profiles.
The blade twist is incorporated to improve
aerodynamic performance, enhance energy
capture, and reduce torque fluctuations during
operation.
Working Principle
When wind flows across the twisted blades,
aerodynamic lift forces are generated, causing the
rotor to rotate about its vertical axis. The
rotational motion is transmitted through the shaft
to a generator, which converts the mechanical
energy into electrical energy. The blade twist
helps maintain a favorable angle of attack along
the blade span, improving efficiency.
System Architecture
The system comprises the following main
components:

e Twisted NACA 4-Series Blades

e Rotor Assembly

e Vertical Shaft

e Bearings and Support Frame

e (Generator

e Measurement and Data Acquisition

System
Design Calculations
The turbine performance is evaluated using the
following equations:
Tip Speed Ratio (TSR):
wR

/1:7

Mechanical Power:
P=TXw
Available Wind Power:

1 3
Ry =5 pAV

Coefficient of Performance:

Where:

e = Angular velocity (rad/s)

e R=Rotor radius (m)

e = Wind speed (m/s)

e T=Torque (N-m)

e p=Air density (kg/m®)

e A= Swept area (m?)
CAD Modeling
The twisted blade geometry and complete turbine
assembly were modeled using CAD software
such as SolidWorks, CATIA, or AutoCAD. The
CAD model was used to define blade dimensions,
twist angles, rotor configuration, and assembly
layout before fabrication.
Flow Chart / Block Diagram
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Performance Analysis

The performance of the twisted Vertical Axis
Wind Turbine (VAWT) blades was evaluated at
different wind speeds ranging from 4 m/s to 10
m/s. The results indicate that the turbine's
rotational speed, torque, and power output
increased with increasing wind velocity. The 2 M & 7 2 b 10
twisted NACA 4-series blade configuration Wind Speed {m/s}
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e Stable rotor operation was observed

o
=3

IS
=

s
=

throughout the testing range.

e Twisted blades exhibited smoother
rotation compared to conventional
straight blades.

e Higher wind speeds resulted in increased
RPM and electrical power generation.
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Chart 2: Wind Speed vs Rotor Speed (RPM)

e The blade twist improved self-starting
characteristics and reduced torque
fluctuations.

e Maximum turbine efficiency was
achieved at higher wind velocity
conditions.

Data Table
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The proposed twisted blade design achieved
approximately 15-20% higher power output and
improved aerodynamic efficiency compared to
conventional straight-bladed VAWTs.
Error Analysis
Several factors may contribute to experimental
uncertainty:
e Variations in wind tunnel airflow
distribution.
e Instrument calibration and measurement
inaccuracies.
e Mechanical friction in bearings and shaft
assemblies.

e Manufacturing tolerances in blade
fabrication.

e Environmental disturbances during
testing.

The overall experimental error was estimated to
be within +3-5%, which is acceptable for
laboratory-scale wind turbine investigations.
Repeated trials confirmed the consistency and
reliability of the obtained results.

V. CONCLUSION

Summary of Findings

This study presented an experimental
investigation of twisted Vertical Axis Wind
Turbine (VAWT) blades based on NACA 4-series
airfoil profiles. The experimental results
demonstrated that the twisted blade configuration
improved  aerodynamic  performance by
increasing rotor speed, torque generation, power
output, and coefficient of performance. The
turbine exhibited stable operation across varying
wind speeds, confirming the effectiveness of
blade twist in enhancing energy extraction
efficiency.

Achievements of the Work

e Successfully designed and fabricated
twisted VAWT blades using NACA 4-
series airfoil profiles.

e Developed a laboratory-scale
experimental setup for performance
evaluation.

e Measured and analyzed key performance
parameters including RPM, torque,
power output, and coefficient of
performance.

e Demonstrated improved performance
compared to conventional straight-
bladed VAWTs.

e Provided experimental validation of the
benefits of twisted blade configurations
for wind energy applications.

Limitations

e The investigation was limited to a small-

scale laboratory prototype.
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e Only selected NACA 4-series airfoil
profiles and twist angles were
considered.

e Environmental  factors such as
turbulence, wind direction variations,
and long-term operational effects were
not extensively studied.

e Structural fatigue and durability analyses
were beyond the scope of the present
work.

Future Research Directions

e Investigate additional NACA airfoil
profiles and optimized twist-angle
configurations.

e Perform Computational Fluid Dynamics
(CFD) simulations to complement
experimental results.

e Evaluate turbine performance under real-
world outdoor wind conditions.

e Study structural reliability, vibration
characteristics, and fatigue behavior of
twisted blades.

e Develop larger-scale prototypes and
hybrid renewable energy systems
incorporating optimized VAWT designs.

The findings confirm that twisted NACA 4-series
blades offer a promising solution for improving
the efficiency and operational performance of
Vertical Axis Wind Turbines, contributing to the
advancement of sustainable wind energy
technologies.
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