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ABSTRACT: as the demand is increasing for the clean and decentralized power, the small-scale energy systems are
becoming more important. In these systems, the vertical axis wind turbine is more efficient as it can operate on the low
wind speed and does not need any alignment based on the wind direction. Here, we present the design and development
of the spiral shaped vertical axis wind turbine for improvement of energy capture in such a low wind speed
environment. The spiral blade design helps to guide the air more smoothly around the turbine, which improves its
rotating ability on its own and minimize the fluctuations during operation. The work focuses on the design principles,
aerodynamic considerations, and potential advantages of a spiral geometry of more enhanced performance. It is
designed for applications such as rooftops, residential areas, and low wind regions.

KEYWORDS: vertical axis wind turbine, spiral blade design, renewable energy, aerodynamic efficiency, low wind
speed turbine

L. INTRODUCTION

The global demand for clean and reliable energy has encouraged the development of technologies that can harness
renewable resources more efficiently. Wind energy, in particular, has become one of the fastest-growing renewable
sectors due to its sustainability and widespread availability. However, most large-scale wind systems rely on Horizontal
Axis Wind Turbines (HAWTSs), which require high wind speeds, open spaces, and constant alignment with wind
direction. These limitations make HAWTs less suitable for crowded cities, rooftops, and regions where wind flow is
inconsistent.

Vertical Axis Wind Turbines (VAWTSs) offer an alternative that can overcome many of these challenges. Because they
can capture wind from any direction and operate in turbulent, low-speed conditions, VAWTs are increasingly
considered for decentralized and small-scale energy systems. Despite these advantages, traditional VAWT designs
often struggle with issues such as low starting torque, aerodynamic losses, and unstable rotation.

To address these shortcomings, researchers have explored new blade shapes and geometries that can improve turbine
performance. One promising approach is the use of spiral or curved blade structures, which are expected to guide
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airflow more smoothly and reduce sudden changes in torque during rotation. Such a design may help the turbine
capture more energy from the wind, even when the available wind speed is relatively low.

This paper focuses on the conceptual design and analysis of a Spiral Vertical Axis Wind Turbine (S-VAWT) aimed
at enhancing energy capture in low-wind environments. The study discusses the motivation behind choosing a spiral
geometry, outlines the design features, and highlights the potential benefits of this approach. Although the turbine has
not been fabricated or experimentally tested, the theoretical insights presented here serve as a stepping stone for future
simulation, optimization, and prototype development.

II. LITERATURE REVIEW

Vertical Axis Wind Turbines (VAWTSs) have been widely studied as an alternative to conventional horizontal axis
turbines, particularly for applications involving low wind speeds and complex airflow conditions. Early research on
VAWTs mainly focused on Savonius and Darrieus turbine configurations. Savonius turbines are drag-based and are
known for their excellent self-starting capability; however, they generally exhibit low aerodynamic efficiency. In
contrast, Darrieus turbines operate on lift-based principles and offer higher efficiency but often suffer from poor self-
starting performance and structural complexity.

To overcome these limitations, several researchers have proposed modifications to blade geometry, including twisted,
helical, and curved blade designs. Helical VAWTs have been shown to reduce torque ripple and improve rotational
smoothness by distributing aerodynamic forces more evenly along the turbine axis. These designs also reduce vibration
and mechanical stress, making them more suitable for continuous operation. However, efficiency gains from helical
configurations are still limited under very low wind speed conditions.

Recent studies have explored the influence of blade curvature, overlap ratio, and aspect ratio on VAWT performance.
Computational investigations indicate that curved blades can improve airflow attachment and reduce flow separation,
leading to better torque generation during rotation. Some researchers have also highlighted that smooth blade
transitions can minimize aerodynamic losses and enhance energy capture in turbulent wind environments, such as those
commonly found in urban areas.

Spiral-shaped blade concepts represent a further evolution of curved blade designs. While limited research exists
specifically on spiral VAWTs, related studies on twisted and helical turbines suggest that continuous geometric
variation along the blade height can improve aerodynamic stability and reduce negative torque regions. These features
are particularly important for turbines intended to operate at low wind speeds, where conventional designs struggle to
maintain consistent rotation.

Overall, the existing literature indicates that blade geometry plays a crucial role in determining the performance of
VAWTs. Although various modified designs have been proposed, there remains a gap in comprehensive theoretical
studies focusing on spiral blade configurations. This research aims to address that gap by presenting a conceptual
design and analysis of a spiral vertical axis wind turbine, providing insights that may support future simulation-based
and experimental investigations.

III. METHODOLOGY OF PROPOSED SURVEY

The methodology adopted in this work is purely design-oriented and focuses on the conceptual development of a Spiral
Vertical Axis Wind Turbine (S-VAWT). The objective of the proposed survey is to explore design considerations and
geometric features that may support enhanced energy capture in low-wind environments. No experimental testing,
simulation, or performance analysis has been carried out as part of this study.

A. Conceptual Design Approach

The proposed wind turbine is designed around a vertical rotational axis, incorporating a spiral-shaped blade
configuration. The spiral form is selected to provide a continuous and smooth blade profile along the height of the
turbine. This design approach is intended to conceptually improve airflow interaction while maintaining structural

symmetry.

IJMRSET © 2025 | AnISO 9001:2008 Certified Journal | 15391




©2025 IJMRSET | Volume 8, Issue 12, December 2025 DOI:10.15680/IJMRSET.2025.0812021

IEUVEPELYEVPARE | www.ijmrset.com | Impact Factor: 8.206] ESTD Year: 2018|

o International Journal of Multidisciplinary Research in
SV~ m@: Science, Engineering and Technology (IJMRSET)
IIMBSET (A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal)

r_______________________________________________________________________________|
The design process involved studying existing VAWT configurations and identifying limitations related to blade
geometry and spatial utilization. Based on this understanding, a spiral blade layout was conceptualized to achieve a
compact and visually continuous structure suitable for small-scale applications.

B. Geometric Configuration

The turbine design consists of multiple spiral blades mounted around a central vertical shaft. The geometry emphasizes
uniform curvature and consistent spacing between blades to maintain balance during rotation. Parameters such as blade
height, rotor diameter, and overall form factor were selected from a conceptual standpoint, without numerical
optimization.

The vertical axis configuration eliminates the requirement for wind direction alignment mechanisms, making the design
adaptable for locations with variable wind directions.

C. Structural Layout Considerations

From a design perspective, the spiral blade structure is arranged to ensure mechanical symmetry and structural
continuity. The vertical layout allows even distribution of mass along the turbine height, which is an important
consideration in reducing imbalance during operation. The design also allows compatibility with standard mechanical
components such as shafts and generators, although integration was not implemented in this study.

D. Scope of the Proposed Survey

This work is limited to the conceptual design and structural representation of the spiral VAWT. The study does not
include computational simulations, analytical calculations, prototype fabrication, or experimental validation. The
purpose of the proposed survey is to present a novel design concept that can serve as a foundation for future research
involving detailed analysis, optimization, and practical implementation.

IV. PROPOSED DESIGN
A. Front View

The front view illustrates the overall height and vertical alignment of the spiral blades mounted around the central axis,
highlighting the continuous curvature of the turbine structure.
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Fig. front view

B. Rear View
The rear view presents the symmetry of the spiral blade arrangement and confirms uniform spacing and balanced
geometry along the vertical axis.
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Fig. rear view
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C. Right Side View
The right side view shows the lateral profile of the turbine, emphasizing the spiral blade orientation and the smooth

transition of curvature along the height.

Fig. right side view
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D. Left Side View
The left side view complements the right view by depicting the consistent blade geometry and structural continuity

from an opposite direction.
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Fig. left side view

E. Top View
The top view illustrates the circular arrangement of the spiral blades around the central shaft, providing clarity on blade

positioning and spatial distribution.

Fig. top view
F. Bottom View
The bottom view highlights the base geometry of the turbine, showing the blade termination and alignment with the

vertical support structure.
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Fig. bottom view

G. Perspective View
The perspective view offers a three-dimensional representation of the turbine, clearly visualizing the spiral blade

configuration and overall structural form.

Fig. perspective view

V. CONCLUSION AND FUTURE WORK

This paper presented the conceptual design of a Spiral Vertical Axis Wind Turbine (VAWT) intended for small-scale
and low-wind energy applications. The work focused exclusively on the geometric configuration and structural layout
of the spiral blade design, highlighting its potential suitability for decentralized and urban wind energy systems. By
adopting a vertical axis configuration with a spiral blade form, the proposed design aims to address some of the
common limitations associated with conventional VAWTs, such as structural complexity and inefficient use of
available space.
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The study was limited to the design stage and did not include analytical evaluation, computational simulations, or
experimental validation. Nevertheless, the presented design offers a clear and structured foundation for further research
and development in the field of vertical axis wind turbines.

Future Work

Future work can extend this research in several directions. Computational studies such as CFD simulations can be
conducted to analyze airflow behavior and aerodynamic performance of the spiral blade geometry. Structural analysis
may also be performed to assess mechanical stability and material suitability. Prototype fabrication followed by
experimental testing under controlled and real-world wind conditions can provide practical insights into performance
and efficiency. Additionally, optimization of blade dimensions and integration with electrical generators can further
enhance the applicability of the proposed design for real-world renewable energy solutions.
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