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Abstract :  Various design approaches for Vertical Axis Wind Turbines (VAWTs) have been explored by engineers, leading to 

significant innovations in high-performance models. These turbines offer a promising solution to address the shortage of roadside 

lighting, contributing to accident prevention while generating clean energy. Coastal areas, particularly near Australian beaches 

and along freeways that extend over the sea, are crucial locations for deploying VAWTs due to their high population density. This 

paper focuses on analyzing a specific VAWT design for implementation along highways, aiming to provide a sustainable and 

cost-effective solution for illuminating roads. Despite technological advancements, there remains a considerable research gap in 

the practical implementation of VAWTs. The discussed VAWT design aims to be installed on the sides of highways, offering 

clean and affordable energy. Computational Fluid Dynamics (CFD) simulations were performed on the turbine blades to assess 

their performance under operational conditions. The paper delves into the analysis of drag and lift forces acting on the turbine 

blades. Notably, at a wind speed of 60 km/h, the turbine blades experienced a drag force of 6.1 N. The cost analysis reveals that 

the proposed mechanism can be produced economically while providing an extended service life when installed. Overall, this 

research underscores the potential of VAWTs as a viable solution for addressing energy needs along highways and emphasizes 

the need for further advancements in this field. 

 

Index Terms - Aerodynamics, Computational Fluid Dynamics (CFD), Vertical Axis Wind Turbine  

(VAWT), Finite Element Analysis (FEA), Simulations - Refinements. 

 

I. INTRODUCTION 

 

Over the past few decades, the Earth has experienced a surge in factors detrimental to its well-being, affecting natural phenomena 

and ecosystems. The consequences of this trend are expected to inflict the most severe consequences on future generations. 

Energy, a cornerstone of contemporary human lifestyles, relies heavily on fossil fuels, accounting for approximately 80% of 

current energy production. The escalating demands of industries have led to an exponential depletion of natural resources, raising 

concerns about the potential imbalance that complete resource exhaustion could trigger. In response to the adverse effects of 

conventional energy sources, there is a pressing global need for renewable alternatives. Numerous studies have demonstrated the 

cost-effectiveness of renewable energy compared to traditional methods of production. The Earth boasts various sources capable 

of generating renewable energy, with considerable potential along coastlines for harnessing wind energy. The inception of wind 

energy dates back to 1931, introducing the concept of Vertical Axis Wind Turbines (VAWTs), alongside the already established 

Horizontal Axis Wind Turbines (HAWTs). While the general working principle of wind turbines is not overly complex, recent 

research has shifted focus towards VAWTs due to their cost-effectiveness and ease of manufacturing. Despite these advantages, 

there exists a substantial research gap in VAWT, largely overshadowed by the predominant emphasis on HAWTs. Numerous 

innovative ideas for effectively utilizing wind energy have been proposed by researchers, yet many remain unimplemented. It is 

imperative for the industry to address fundamental aspects questioning the credibility of wind energy efficiency evaluation 

procedures. Australia, with its vast coastal population, presents an opportune location for maximizing wind energy benefits, given 

the prevalence of strong winds in these areas. However, supplying electricity to such a large country poses significant challenges, 

particularly along highways where adequate lighting is crucial for preventing road accidents under various circumstances. 

Additional factors contributing to accidents include the heightened fatigue experienced by drivers during their journeys, 

particularly at night and in rural areas. It is imperative to accord equal significance to road lighting alongside other road safety 

measures, such as regulating work hours and promoting rest breaks. Illumination can be sustained through renewable energy 

sources, exemplified by the successful implementation of solar-powered lights, which marks a significant stride in incorporating 

renewable energy into road safety initiatives. Ongoing research aims to further refine and expand these innovative ideas. Wind 

energy, now constituting 3.8% of global energy, predominantly relies on two types of turbines: Horizontal Axis Wind Turbines 

(HAWT) and Vertical Axis Wind Turbines (VAWT). The primary distinction lies in the orientation of the main shaft, 
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perpendicular in VAWT and parallel in HAWT. While HAWT finds extensive use in industrial applications, VAWT has been 

relatively neglected, resulting in a dearth of innovation and practical applications. Failures in recent VAWT designs are attributed 

to insufficient studies, particularly in the realm of Computational Fluid Dynamics (CFD) analysis. To address this gap, 

comprehensive aerodynamic analyses employ various diagnostic approaches, including numerical, computational, and 

experimental methods. The Double Multiple Steam-tube Theory (DMST) emerges as a reliable technique for achieving result-

oriented analysis, demonstrating precision in results. DMST reveals that factors influencing airfoil pitch include fluid wake, peak 

flow, and downwind drag between turbine blades. Utilizing a combination technique involving eyebrow, azimuthal angle, and 

wing aspect ratio enhances the thrust efficiency of the airfoil. This method is suitable for smaller-scale turbines, making it ideal 

for this study. The study focuses on coastal areas in Australia, considering wind peak and average speeds as boundary conditions. 

By delving into the critical factors contributing to the underutilization of DMST in literature, the research aims to provide 

valuable insights and bridge the existing knowledge gaps. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG NO. (1) VERTICAL AXIS WIND TURBINE [15] 

 

 

RELATED WORK   

 

Vertical axis wind turbines (VAWTs) have gained significant interest due to their potential advantages in certain applications 

compared to traditional horizontal axis wind turbines (HAWTs). While VAWTs have been studied for decades, there continues to 

be ongoing research and development in this field to improve their efficiency, scalability, and reliability.  

 

1. Performance Analysis of a Vertical Axis Wind Turbine: Researchers have conducted various studies to understand 

the aerodynamic and mechanical characteristics of VAWTs. For example, one study titled "Performance Analysis of 

Vertical Axis Wind Turbines using 2D and 3D Computational Fluid Dynamics" by Prasun et al. [3] investigates the 

performance of a vertical axis wind turbine using both 2D and 3D Computational Fluid Dynamics (CFD). The study 

examines the effect of turbine design parameters such as chord length, twist angle, and blade profile on turbine 

performance. 

2. Structural and Material Optimization: Improving the structural design and material properties of VAWTs is another 

active area of research. For instance, the work titled "Multi-objective Optimization of Vertical Axis Wind Turbine Blade 

Geometry and Material using Fuzzy TOPSIS" by Tandon et al. [4] proposes a multi-objective optimization approach to 

optimize the blade geometry and material selection for a VAWT using Fuzzy Technique for Order of Preference by 

Similarity to Ideal Solution (TOPSIS). 

3. Noise Reduction and Control: Noise is a significant issue for VAWTs, especially in urban or residential settings. 

Therefore, numerous studies focus on reducing VAWT noise levels through blade design, tower geometry, and control 

strategies. An example is "Effects of Blade Shape on Noise Characteristics of Vertical Axis Wind Turbine" by Huang et 

al. [5] which investigates the effects of blade shape on the aerodynamic noise characteristics of a VAWT using 

numerical simulations. 

4. Performance Enhancement through Different Configurations and Layouts: Research has also been conducted to 

understand how different configurations and layouts of VAWT arrays affect overall performance. For example, the study 

"Optimal Configuration and Operation of a Large-Scale Vertical Axis Wind Turbine System in the Presence of Power 

Fluctuation" by Huang et al. [6] evaluates the optimal configuration and operation of a large-scale VAWT system in 

terms of power fluctuation reduction. 
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5. Economic and Environmental Impact Assessment: Lastly, some studies focus on assessing the economic and 

environmental impacts of VAWTs compared to traditional HAWTs. A good example is "Sensitivity Analysis and 

Economic Impact Assessment of the Configuration of Vertical Axis Wind Turbines in a Large Offshore Wind Farm" by 

Wang et al. [7] which conducts a sensitivity analysis and economic impact assessment of the configuration of VAWTs in 

a large offshore wind farm. 

 

RESEARCH METHODOLOGY 

 

The design and operation of a vertical axis wind turbine (VAWT) are quite distinct from those of the more conventional 

horizontal axis wind turbines (HAWT). Unlike HAWTs, VAWTs have their blades oriented around a vertical axis, resembling a 

rotating cylinder or helix. 

Here is an overview of the methodology typically used in the design and operation of a VAWT: 

1. Understanding the Aerodynamics: The aerodynamics of a VAWT are more complex than those of a HAWT. As such, 

VAWT designers must have a solid understanding of aerodynamics principles, particularly those related to the behaviour 

of airflows around a cylinder or helix. 

2. Choosing the Right Blade Design: VAWTs typically employ curved blades that are designed to catch wind from any 

direction. The shape of these blades is crucial to their efficiency and power generation. 

3. Utilizing Savonius or Darrieus Principles: There are two primary types of VAWTs: Savonius and Darrieus. Savonius 

VAWTs are generally simpler and are characterized by their S-shaped blades, while Darrieus VAWTs are more efficient 

and often use air foil-shaped blades. Understanding the principles of both designs is essential to select the most suitable 

for the application. 

4. Determining the Optimal Aspect Ratio: The aspect ratio, which refers to the ratio of the height of the turbine to its 

width or diameter, plays a critical role in the VAWT's performance. It impacts its ability to extract energy from the wind 

and its stability. 

5. Modelling and Simulations: Before building a full-scale VAWT, designers typically use computational fluid dynamics 

(CFD) simulations and wind tunnel tests to model and optimize their design. This iterative process allows for the 

refinement of the turbine's geometry and helps predict its performance. 

6. Materials and Construction: Given the vertical nature of the axis, the VAWT must be designed to withstand strong 

winds and dynamic loads. The choice of materials for the turbine structure and blades is essential to ensure durability 

and performance. 

7. Control Systems: Unlike HAWTs that can rely on passive yaw systems, VAWTs often require more sophisticated active 

control systems to orient themselves optimally to the wind and minimize drag. 

8. Installation and Maintenance: The installation and maintenance of a VAWT can be more challenging compared to a 

HAWT, as the latter typically has a simpler design and better-established industry standards. 

9. Testing and Optimization: Once the VAWT is built and installed, ongoing testing and optimization are necessary to 

ensure that it performs as expected and continues to generate electricity efficiently. 

 

RESULTS AND DISCUSSION 

 

In this study, a hybrid wind turbine model was developed, consisting of mechanical and electronic hardware components. The 

mechanical hardware includes a 24V, 300rpm, 10Amp geared DC Motor/Generator used to generate power for the turbine. The 

electronic hardware involves the monitoring and control systems for the hybrid wind turbine model. The implemented hybrid 

wind turbine model was tested and analyzed in a real-world environment, specifically focusing on power generation by a 

highway-side wind turbine. The output of the system was measured in terms of power generated, with voltage being a key 

parameter for battery charging purposes. A chart was provided to illustrate the power generation for specific times, displaying the 

values in volts. The hybrid wind turbine system demonstrated the capability to generate energy even during periods of low traffic, 

utilizing the generalized breeze present in the environment. By leveraging a grid cluster network and associated facilities, the 

Highway-Side Wind Turbine (HSWT) has the potential to address street lighting or blackout issues in roadside areas effectively. 

This research highlights the practical application of hybrid wind turbine technology in addressing energy needs in roadside 

environments. The integration of mechanical and electronic hardware components in the hybrid wind turbine model enables 

efficient power generation and utilization. The use of a geared DC Motor/Generator with specific voltage, speed, and current 

specifications ensures optimal performance of the turbine system. Overall, the results of this study demonstrate the feasibility and 

effectiveness of utilizing a hybrid wind turbine model for power generation along highways. By harnessing renewable energy 

sources and implementing innovative hardware configurations, such systems have the potential to contribute significantly to 

addressing energy challenges in urban and roadside settings. 
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CONCLUSION  

Vertical Axis Wind Turbines (VAWTs) exhibit advantages surpassing those of Horizontal Axis Wind Turbines (HAWTs) across 
various performance parameters. The inherent helical and spiral structures in VAWTs eliminate the need for specialized 
mechanisms to counteract air traction, resulting in a simpler and less complex design. The choice of blade material for VAWTs 
emphasizes affordability, light weight, and corrosion resistance. Implementing remote monitoring enables real time detection of 
issues within the turbines, contributing to proactive maintenance strategies. Study results indicate the design's satisfactory 
performance under diverse analyses. The maximum stress experienced by the turbine remains well below the yield strength, 
ensuring a robust and failure-resistant structure. Comparatively lower drag forces are observed, generating minimal resistive forces. 
This is further evident in the flow trajectory, which exhibits reduced vortex formation. The design incorporates airfoil-shaped 
blades, akin to those on an airplane, leading to the generation of lift. 
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