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Abstract 
The present analysis investigates the possibility of using a tapered mast profile for bladeless wind 

turbines (BWTs) to enhance the function of extracting wind energy through the phenomenon of vortex-
induced vibrations. Conventional HAWTs which remain the most efficient are however, costly in 
maintenance, mechanically complicated and rather unfavourable to the environment. To overcome these 
challenges a prototype BWT with a 0.6 m tapered mast was developed for the currents using mild steel 
and hollow square steel sections. Wind tunnels were also used to compare stress distribution, structural 
deformation and vane vortex shedding for the building at different wind speeds. The maximum calculated 
equivalent stress on the mast was 1.63 × 105 Pa with the total deformation achieving 1.732 × 10‒6 m  
at a wind speed of 4 m∙s‒1. The tests have represented an independent check on mast dynamics using 
recorded wind at an average of 7 m∙s‒1 and have quantified the observed oscillations marking validity 
of the dynamic behavior observed through simulations. Piezoelectric sensors deployed to measure 
mechanical stress produced voltage responses of 7.68 mV, 28.865 mV and 44.915 mV at wind velocities 
of 5.5 m∙s‒1, 6.1 m∙s‒1 and 7.8 m∙s‒1 respectively. Findings show that wave amplitude of the oscillations 
increases with wind velocity and concomitantly voltage generated. The study highlights the potential 
of tapered mast geometries in improving structural efficiency and energy output. 

1.  Introduction 
 
Recently, the options possible in the field of Renewable Energy 

(RE) source have dramatically improved, and a vast selection of 
converting the renewable resources into usable energy has availed 
itself, such as sunlight, air, sea waves, tides, and geothermal heat [1]. 
This development in renewable energy resources has been because of 
awareness of environmental and economic implications of the decline 
in fossil energy sources globally, rising cost of fuel and conventional 
electric power [2]. Significantly there has been improvement in the 
availability of actual or new RE resources with reliability and cost 
factors becoming more stable. Of these sources, wind energy stands out 
as the most sustainable, and conventional wind turbines have been 
the primary means of vegetation for tapping this energy [3]. However, 
the primitive wind turbines need a big space to be installed and cover 

vast area which is a demerit in some ways. These challenges have 
however attracted significant interest in a novel technology referred to 
as the vortex induced bladeless wind turbine. Pelamis OWT technology 
is totally different from the traditional blades and expensive plot of 
ground, which provides the service of better use of space. This makes 
it easy to place it most preferably within compact areas such as within 
residential buildings and commercial buildings, along roadsides where 
space is limited.  

The need to make efficient use of renewable energy resources 
has made introduction of efficient wind turbine structures. Conventional 
wind turbines, particularly those of horizontal axis type (HAWT) 
have been the most widespread technology in wind power systems. 
However, questions were raised as to the effect of these devices on 
the environment, their mechanical site and cost of maintaining such 
innovation have led to research for new technologies [4]. Bladeless 
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wind turbines (BWTs) have recently emerged as a convenient option 
due to possible advantages as compared to traditional ones, including 
diminished mechanical stress and lower service prices [5]. Research 
conducted to compare the efficiency of BWTs to HAWTs has given 
different results. For instance, current theoretical studies indicate that 
fixed speed bladeless turbines are estimated to be about 30% less 
efficient than bladed turbines because of the differences in the 
mechanics of the two turbines [6]. On the other hand, other studies 
point out that BWTs can generate power at low energy levels, and 
the energy levels that they generate can be 50% to 70% of that of 
the solar panels per metre square at its best [7]. Recent work also notes 
the need to advance bladeless mechanisms of power generation so 
that the average efficiency of contemporary bladeless designs reaching 
2% By steady state [8]. 

The increase in the rate of using renewable energy source has led 
to the technological development in designing wind turbines with 
enhanced efficiency, reduced cost, and minimal negative effects on 
the environment [9,10]. The mature technology of the horizontal-axis 
wind turbines or HAWT has been ruling the global wind energy 
market as these are highly reliable and efficient [11,12]. However, 
due to size, noise, maintenance, and effect on bird life their large 
mechanical systems motivated research for new technologies [13-15]. 
Of all these innovations, the bladeless wind turbines (BWT) have 
presented themselves as one of the most viable due to aerodynamics 
and mechanical systems [16]. VIV based blade less turbines have 
certain advantages including an expected lower maintenance cost 
and reduced environmental impacts [17,18]. As it is to be noted that 
the BWT does not possess such constituents of turbines like rotating 
blades and gearboxes; therefore, it contains lesser parts and has 
causes least mechanical abrasion [19,20].  

The above-stated design advantages have made bladeless turbines 
especially appropriate for use in city-centre zones and low wind areas 
[21]. However, the present research shows that BWTs are less efficient 
than HAWTs; in similar conditions, they can produce roughly a third 
less output [22,23]. In contrast, the authors claim that there are specific 
characteristics of bladeless turbines that can help them achieve 
performance level necessary to make up for their inefficiency. For 
instance, they can occupy less floor area, they can perform effectively 
even at low wind speeds, and they are less noisy [24-26]. Moreover, 
some analyses have also shown that bladeless turbines can also 
produce almost the same density of energy as the photovoltaic panels, 
when both are put under the best use [27]. However, current work in 
design optimization and power generation mechanisms that distinguish 
bladeless turbines from their counterparts still require exhaustive 
improvement to realize their full potential [28].  

In the past, more systematic HAWTs that are widely researched 
in terms of performance, efficiency, etc., suffer from mechanical 
complexity, maintenance prerequisites and environmental concerns. 
Contrarily, bladeless wind turbines (BWTs) can be seen a prospect 
option as they are capable to extract wind energy using vortex-induced 
vibrations. However, to date, little attention has been paid to mast 
geometries other than standard mast configurations, for instance the 
cylindrical mast, and little investigation has been done on the structural 
and aerodynamic response of tapered mast style under dynamic wind 
loads. In addition, the extensive area of mixing, swirling, and multiple 
connections between vertical and laterally tapered channels and their 

corresponding forces and energy distributions is still largely uncharted. 
This research seeks to fill these gaps by evaluating the structural 
response, stress distribution and aerodynamic viability of the proposed 
short tapered mast design through calculations of CFD and FEA and 
Experimental Tests. This paper also has a research intent to quantify 
the structural health, structural dynamics and firm power response 
characteristics of the bladeless wind turbines utilizing piezoelectric 
sensors for energy applications. Finally, the study helps progress the 
knowledge of tapered mast geometries imposed on the vortex shedding 
dynamics and the improvement of energy production potential of the 
bladeless wind energy system. 

 
2.  Materials and method 
 

When selecting the components for the mast and base construction, 
two primary factors were considered: which are cost efficiency and 
easy to use. In the experimental investigation, metal sheets of mild steel 
and square steel hollow sections were employed. Design, fabrication, 
and analysis constitute three main aspects of the experimental method 
being used in the study. The first phase involves conducting a critically 
analytical review of what is already known in the academe about 
the wind responses and structural characteristics of tapered masts 
and the dynamic motion of structures in this maze. In the phase two, 
material selection for prototype and assembly of the model is the 
major work. The third phase of the design utilises the FEA in modelling 
how the tapered mast would behave under varying wind conditions 
and examine the stress level and structural strength. Furthermore, CFD 
models are used to investigate the forces acting on masts as well as 
the influence of the latter on mast stability.  

This methodology aims at ascertaining versatility and provides 
a broad understanding of how mast activity narrows down and contribute 
to the design evolution where structural efficiency of engineering 
application is concerned, they use numerical modelling and experimental 
and computational analysis.  Actively, using airflow, into structures 
such as masts, piezoelectric sensors are installed to convert mechanical 
stress into electrical current. Bladeless wind turbines harness the energy 
from oscillations and vortices by use of wind, to produce electricity. 
In case wind blows against a rotating body such as conical or cylindrical 
structure, the phenomenon experienced is known as vortex shedding. 
Controlling these vortices and oscillating in response to wind, bladeless 
turbines can capture energy and converting oscillations into electric 
current. This new approach holds the possibility of creating long-term 
power from wind energy of the surrounding atmosphere. 

 
2.1 Design 

 
A mast – a usual shape of a vertical support – is usually a uniformly 

cylindrical piece. Current research yet again brought to light another 
form of deviation from this classical method- the use of a tapered 
mast design. This is not only enhancing the way mass is distributed 
on this structure, but also closely addresses the impact of periodic 
oscillation caused by wind forces. The layout of the tapered mast 
configuration is such that it is shaped in a hollow cylindrical structure, 
set apart by its measurements. This mast measures 0.6 m in height and 
has a diameter of 0.115 m at the crown with the diameter reducing to 
0.065 m at the base. As stated, previous literature mast has a minimum 
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length of 0.9 m, this research investigates the effect and/or behaviour 
of a shorter mast length of 0.6 m. The schematic of bladeless wind 
turbine is extrapolated as follows in the Figure 1. 
 
2.2  Fabrication 

 
In the construction of the mast and base of the BWT, mild steel 

sheet metal was used as well as HSS square steel pipes. This choice 
gives stability and durability; something that is important in shaping 
this prototype. The HSS square steel pipes are easy to fit in within the 
production process and possess adequate strength to carry the structure. 
Choosing mild steel for mast, it was malleable, and easy to manipulate 
and bend in the way it was required. Its flexibility allowed for the easy 
rolling of the metal to the needed measurements for the structure of the 
mast. The base of this IOT prototype had a height of 1.2 m and had 
a length and breadth of 0.45 m. These dimensions were selected to 
enable the prototype to have rigid support that will fit its intended use. 
Six piezoelectric sensors were used where all the sensors were divided 
into three different groups, each containing two sensors. These sensor 
groups were located beneath a circular disc which was welded to 
the base of the mast. Sensors in each set were wired in series just to 
yield the greatest voltage the circuits can generate. Fig presents the 
experimental setup of the bladeless wind turbine and the details of 
the wound turbine are given in Table 1.  

The nature of these measurements is to be semiquantitative and 
relative, but to make the tests as clear cut as possible, a stringently 
standardized procedure was adhered to throughout the experiments. 
To ensure that the results obtained were stable the prototype BWT 
was exposed to different wind conditions at regular time intervals for 
different consecutive days. The wind speed data was collected from 
three positions (10:00 AM, 11:00 AM and 12:00 PM) to capture 
natural fluctuation of wind flow. To minimize random errors, each 
experimental trial was done thrice and the mean voltage obtained 
were used for further analysis. To eliminate vibrations different from 
those produced by the wind, the setup we used was mounted on 
a stable platform (the roof of a 3-story building). Additionally, the 
multimeter used to record voltage output was standardized before use, 
and Networks® piezoelectric sensors were checked for connectivity 
to ensure there was no signal interruption. It also helped in capturing 
actual response including structural and dynamic features of the mast. 
 
2.3  Analyses 

 
In the 2D analysis, our interest lies in studying the Von Karman 

vortices behind the cylindrical mast with a top layer diameter of 
11.5 cm. The mast was considered as being smooth and homogeneous 
for modelling purposes to keep important features intact while ignoring 
complicating factors that might have made computational analysis 
more difficult. A detailed 2D scan of this top layer forms part of 
further aerodynamic characterization and determination of lift forces 
using computational simulations. An additional boundary layer was set 
around the cylinders to capture the boundary layer effects around the 
cylinder surface accurately as depicted in the Figure 2(a). The numeric 
for the present cases have been done with ANSYS FLUENT and LES 
as the viscous model has been used since it is effective in capturing  

unsteady flows. Thus, the present study offers time history of turbulent 
flow and demonstrates instantaneous flow oscillations and vortex 
shedding frequency as well as the pattern of shedding over time. The 
dimension of fluid domain and boundary conditions for the setup is 
clearly illustrated in the Table 2-3. While comparing the peak values 
of the drag coefficient (Cd), and the lift coefficient (Cl), different 
waves forms can be observed signifying the formation of a vortex. 
The visualization of vortex pattern can be seen in Figure 2(b). These 
patterns, which look like sinusoidal wave forms, start to become most 
apparent after the 15 th second and may indicate that there is a transition 
in the flow dynamics around the structure.  
 

 
Figure 1. BWT (a) Schematic diagram, (b) Side view, (c) Mast, and (d) Top view. 

 
Table 1. Dimensions of the prototype. 

 
Parameters Values 
Total length 0.45 m 
Total breadth 0.45 m 
Total height 1.25 m 
Total weight 5.5 Kg 
Mast weight 1.5 Kg 
Mast height 0.6 m 
Bottom diameter of the mast 0.065 m 
Top diameter of the mast  0.115 m 
Mast tapper angle 2.4° 
 
Table 2.  Dimension of fluid domain. 

 
Parameter Dimension 
D1 115 mm 
H1 4000 mm 
V1 2500 mm 



  PRADEEP, A., et al. 

J. Met. Mater. Miner. 35(1). 2025    

4 

 

Figure 2. (a)  Geometry of fluid domain, (b) Visualization of vortex patterns, (c) Drag co-efficient vs time graph, and (d) Lift co-efficient vs time graph.
 
Table 3.  Boundary conditions for the set up. 
 
Boundary conditions Values 
Material state Fluid 
Fluid type Air 
Inlet velocity 0.08 m∙s‒1 
Outlet pressure 0 Pa 
Reference area 0.06 m2 
Viscosity 0.0000178 Kg∙m‒1∙s‒1) 
 

The appearance of vortices, associated with these characteristic 
waveforms, indicates that there are combined interactions of forces 
in the field of the flow. In the Figure 2(c-d), Besides that, the regular 
fluctuations represented in the graph are associated with the active 
movement of the fluid when interacting with the structure. such 
variation depicts the stagеred oscillation in force acting on the cylinder, 
where forces or its magnitude show periodicity in their variation. 
It means that around the cylinder, there are force’s positive and negative 
values, which appear in a cycle progress force distribution. These 
push and pull forces applied on the cylinder causes oscillation like 
reactions in the motion of the cylinder. The force magnitudes vary 
periodically as the fluid passes through the structure and the cylinder 
responds in a dynamic fashion as it moves in a cyclic fashion to and 
fro. Therefore, the oscillations demonstrated in the graphs provide 
a clear correspondence between the temporal variation in the force 
distribution process and the cyclical changes in structural response or 
interaction influenced by the fluid flow. In this study, the 3D analysis 
provides a full understanding of the fluid flow patterns developed 
around the mast structure distribution. These alternating forces exerted 
on the cylinder induce corresponding oscillations in its motion. As 
the fluid flows around the structure, the periodic variation in force 
magnitudes drives the cylinder to oscillate, resulting in a dynamic 
response characterized by rhythmic movement. Thus, the observed 
oscillations in the graphs directly correlate with the cyclic nature of 
force distribution and subsequent structural response induced by the 
fluid flow dynamics. 

 
 

 
Figure 3. Pressure contour (a) at the top surface of the mast, (b) at the 
middle surface of the mast, and (c) at the bottom surface of the mast.  

 
The 3D analysis conducted in this study enables the examination 

of the fluid flow patterns around the mast structure comprehensively. 
From the CFD simulations, the flow pattern at different layers of 
the mast which had been positioned in the crosswise fashion with 
respect to the longitudinal axis of the mast can be analyzed. As will be 
seen soon these layers were mounted at different heights within the 
mast – the top, middle and at the base section – and this allowed the 
investigators to observe how the fluid engages with the mast along  
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its height. With the aid of flow visualization at these different layers,  
insights is obtained into the distribution of the aerodynamic loads and 
pressures on the mast. The pressure contour for mast at all surfaces is 
shown from the Figure 3. The analysis enables us to realize the parts of 
the possibility of a turbulent, separate, or re circulation, which hugely 
affects the structural sturdiness and productivity of the mast. Moreover, 
analyzing the flow characteristics in several layers allows us to assess 
the impact of mast geometry – tapering, for instance – by observing 
the resulting flow patterns and loads acting upon the structure. This 
information was very valuable in determining the best design for the 
mast in order to reduce the drag forces on the structure. The pathlines 
with the velocity of forces on the surfaces of mast can be clearly seen 
from Figure 4. Visualization of flow of particles can be seen around 
and behind the mast in the Figure 5. 
 

Figure 4. Velocity path lines (a) at the top surface of the mast, (b) at 
middle surface of the mast, and (c) at the bottom surface of the mast. 

 

 

Figure 5. Visualization of flow pattern (a) around the mast (b) behind the mast. 

 

3. Results and discussion 
 

In order to provide a frame of reference for the performance of 
the tapered mast BWT, a comparison was made with benchmark small-
scale Horizontal Axis Wind Turbines (HAWTs). It will be realized 
that a 10 W rated small scale HAWT may produce voltage in the 
order of 100 mV to 150 mV with wind speeds of 6 m∙s‒1 to 8 m∙s‒1. 
A comparison has been made with this study BWT tapered mast which 
at wind speed of 5.5 m∙s‒1, 6.1 m∙s‒1  and 7.8 m∙s‒1 delivered 7.68 mV, 
28.865 mV and 44.915 mV voltage output respectively. Despite lower 
output voltage, the BWT has advantageous characteristics such as less 
complex structure, lower price, and fewer demands for maintenance 
compared to the conventional HAWT. The trade-off is in the conversion 
efficiency of the energy in which further enhancement can be attained 
through the better material selection of piezoelectric material, the 
particular mode of arrangement of the piezoelectric layer and the mast 
geometry. The outcome further suggests that bladeless turbines, despite 
being a relatively novel technology at the moment, could represent 
a strong development in achieving an inexhaustible generation in 
low-wind environments and cities that would not allow for HAWTs 
installation. 

The structural analysis proved to be an essential element in making 
conclusions regarding the state of a structure when exposed to various 
forces and pressure it might face. In particular, the total deformation of 
the mast and the distribution of Von Mises stress is determined more 
thoroughly in this analysis with reference to the ANSYS Workbench 
static structural module as seen in Figure 6. When geometric details 
of the mast are scaled and numerically modeled, extensive information 
on structural response under different loading is obtained by simulation 
alone. The maximum equivalent stress which is acting on the mast is 
estimated as 1.63 × 105 Pa, the total deformation of the mast is estimated 
after applying the wind parameter to be 1.732 × 10‒6 m for wind speed 
u = 4 m∙s‒1. The deformation of the mast can be identified in Figure 7. 

 

 

Figure 6. Equivalent stress analysis on mast. 
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Figure 7. Total deformation of the mast. 
 

3.1  Design calculations 
        

Reynolds number is a non-dimensional measure which is described 
in fluids dynamics to identify a style of flow of a fluid about an item. 
In particular regarding vortices, the Reynolds number was used to 
identify if the flow was laminar or turbulent [32,33]. It was found out 
as the ratio of Inertia forces to Viscous forces along with the fluid. 
When looked at vortices, the Reynolds number helps in determining the 
stability of such rotating fluid areas within the circulation movement. 
 

 Reynolds number, Re = 
ρ × U × L

μ
  (1) 

 = 
1.225 × 0.08 × 0.2

0.0000789
 

 = 1094.98    
 ≈ 1095    
 
Where: 

Ρ = the density of the fluid (Kg∙m‒3) 
U = the characteristic velocity of the flow (velocity magnitude)  

  (m∙s‒1) 
L = characteristic length scale of the flow (diameter of a cylinder,  

  characteristic length of the object) (m) 
μ = the dynamic viscosity of the fluid (Kg∙m‒1∙s‒1) 
 
The Strouhal number (St)was another dimensionless parameter 

employed in fluid mechanics; especially with reference to flow past 
bluff bodies, to describe the periodic shedding of vortices. The Strouhal 
number was defined as the ratio of the frequency of vortex shedding 
(f) to the product of the flow velocity (V) and a characteristic length 
scale (L) of the object The Strouhal number St was defined as the 
ratio of the frequency of vortex shedding (f) to the product of the 
flow velocity (V) and a characteristic length scale (L) of the object. 
 

  St   = 
f  ×  L

U
  (2) 

 
Where: 

f  = frequency of vortex shedding (in Hz or cycles per second), 
U = the characteristic velocity of the flow . 
L = a characteristic length scale of the object (diameter of a cylinder) 

St when 250<Re<1200 
At Re 1095,  
 
  St(theroritical)  = 0.2129    (3) 
 

  St(analytical)  = 
f (analytical) × L

U
 (4) 

  (Since L = D) 

 =   0.0913 × 0.2
0.08  

 = 0.2285    
 

  f(theoretical)  =   
St(theoretical) × U

d
 (5) 

 = 
0.2129 × 0.08

0.2
 

 = 0.08516    
  f(analytical)  = 0.0913 
 
3.2  Environmental conditions 
  

In the experimental trial, the prototype bladeless wind turbine 
was mounted on the roof of a three story building where it was oriented 
to the prevailing wind conditions. Having an average wind speed of 
about 7 m∙s‒1, the environmental conditions of the site caught some 
real world situations and therefore testing the efficacy of the prototype 
in such a natural environment well suited the purpose. However, 
thanks to the moderate wind speed the movement of the mast was 
recognized as oscillating which proves the dynamic behaviour of 
the structure subjected to the wind loads. While these oscillations 
seemed to be relatively small in angle the researchers stressed that 
it was important in light of the fact that the mast has weight and 
therefore puts pressure on the disc. This force, while being subliminal, 
was effectively measured by the piezoelectric sensors that were placed 
within the structure, which was designed work as a mechanical stress 
and pressure gauge [34-36]. 

Because force has to be discussed in a very quantified manner, 
a comprehensive force measuring protocol was used. The positive 
and negative aspects of the piezoelectric circuit were manually wired 
to a high accuracy digital multimeter with necessary pre-setting to 
measure the voltage and amperage changes accurately. Real-time 
monitoring of the response of the structure was achieved through this 
device, which offered detailed information on the structural performance 
of the mast under loads from the wind thus giving detailed information 
of the performance of the mast in different natural conditions. Mean 
wind velocity of 5.5 m∙s‒1 in the analysis was identified an average 
voltage of 7.68 mV at first reference hour as depicted in Figure 8(a).  
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This implies that as the wind speed the force experienced by the mast 
due to wind also increases Successively. As a result, the amount of force 
on the piezoelectric sensors vary to and fro within one second and vice 
versa, the voltage readings are reciprocated in the very same manner. 

Graph shown in Figure 8(b) represents the voltage-time curve 
corresponding to the second reference hours but with a wind speed of 
6.1 m∙s‒1. In this case, mean was calculated as 0.028865 V. As seen 
from the graph, the more the wind speed rises, the force on the mast 
is also going up and so influencing the voltage depicted by piezoelectric 
for different sails. This dynamic relationship clearly shows how velocity 
of wind determines voltage and how sensitive the system is to these 
environmental changes. The voltage-time plot depicted in Figure 8(c) 
is obtained for similar reference hours but in this case wind speed of 
7.8 m∙s‒1. At this increased wind velocity, the average voltage recorded 
was 44.915 mV. As before, the graph shows how the force due to 
the wind on the mast translates with proportionality to the force that 
the piezoelectric sensors are experiencing, resulting in oscillations of 
the voltage output in real-time. The following are the voltage in relation 
to the time recorded by a multimeter for three different reference time 
like 10:00 AM, 11:00 AM and 12:00 PM respectively. Such graphs 
are useful in understanding fluctuations that occur in voltage output 
with respect to the wind speed, and as such represent the performance 
of the system given different environmental factors. 

 

 

 

 
Figure 8. Readings from (a) first reference hour, (b) second reference hour, 
and (c) third reference hour. 

Contained in the image are three-line graphs depicting voltage 
output (in mV) with time (in s) plotted on the vertical and horizontal 
axes respectively, measured at various wind velocities. For Graph (a), 
with thrust wind velocity of 5.5 m∙s‒1, the voltage output has a small 
range of variation for the 10 s period, and the average voltage is 
7.68 mV as shown in the Figure. At a higher wind velocity of 6.1 m∙s‒1  
in Graph (b) a higher voltage is registered at the initial stage then the 
voltage output reduces and remains relatively steady, the average 
voltage recorded 28.865 mV. This means that besides the assumed 
fixed force in the direction of the wind on the central portion of the mast, 
a greater passing force due to elevated winds is exerted on the mast. 
In Graph (c), where the wind velocity is 7.8 m∙s‒1 the voltage output 
continues to demonstrate increased fluctuation with numerous peaks 
and troughs implying more complex dynamic wind-mast interactions. 
The mean voltage generated for this case is 44.915 mV as the graph 
increasingly shows the voltage generated with the increase in the 
wind speed. All in all, data obtained show that wind velocity directly 
correlates to the mechanical motion that powers the piezoelectric 
sensors due to enhanced energy transfer resulting in increased voltage 
generation as the velocity increases. 

 
3.3  Practical energy harvesting implications of voltage 
output 

 
Energy scavenging has evolved as an effective solution for the 

supply of power to self-contained electronics by extracting mechanical 
energy from the environment. TENGs have attracted much attention 
for their high output, flexibility and diversely potential applications 
in the areas of self-powered systems. New research advances in 
TENGs have been directed towards improving performance through 
new materials and geometry. For example, A modified TENG using 
2D raw material graphene-related carbon nitride thin film has been 
claimed to enhance the efficiency for energy conversion for building 
self-powered systems [29]. In addition, others have examined the 
structure, working principle and the prospect of the TENGs in 
different energy conversion applications [30]. TENGs have also been 
incorporated into flexible and wearable energy harvesting systems by 
virtue of which they are suitable for use in wearable electronics and 
other flexible devices [31]. The voltage outputs recorded during the 
experimental trials the basic element for assessing the practical energy 
harvesting potential of the bladeless wind turbine (BWT). Therefore, 
the following discussion aims at identifying the relation of these voltage 
values to practical applications in power generation and efficiency 
of various energy harvesting systems. 

The electrical energy harvested by piezoelectric sensors can be 
estimated using the basic power equation: 

 
 P  =  V2 / R 

 
Where: P = power output in watts, V = voltage generated by the 

sensors, R = Electrical load resistance. For this study, assuming 
a representative load resistance of 1 MΩ, the corresponding power 
outputs for different wind speeds can be calculated as follows: 

 
At 5.5 m∙s‒1 wind speed (mean voltage = 7.68 mV): 
P = (7.68 × 10−3)2/106 = 5.9 nW 

(a) 

(b) 

(c) 
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At 6.1 m∙s‒1 wind speed (mean voltage = 28.865 mV): 
P = (28.865 × 10‒3)2/106 = 833 nW 
 
At 7.8 m∙s‒1 wind speed (mean voltage = 44.915 mV): 
P = (44.915 × 10−3)2/106 = 2.02 μW 
 
From these findings there exists a strong correlation between the 

wind speed and the amount of energy captured. The current prototype 
offers small voltage and power outputs it apparent that the practical 
potential of energy harvesting using the device is shown in those 
power requirements that are low and where conventional wind 
turbines are not viable. The outcomes provide the further optimisation 
and scaling of the system and at the same time allows considering it 
as the viable solution for energy generation at the sustainable and 
decentralised level. 
 
4. Conclusion 

 
Overall, the results of the experimental study of the bladeless wind 

turbine model with a conical mast indicate the possibility of using 
vortex-induced oscillations for the effective capture of wind energy. 
The numerical computations and Computational fluid dynamics results 
proved that the tapering pattern refocused forces over the mast profile 
and thus minimized oscillations. When oscillating the mast with a mean 
wind speed of 5.5 m∙s‒1 the average voltage was 7.68 mV and when 
increasing the wind speed to 7.8 m∙s‒1, the average was 44.915 mV. 
From the variation in voltage output over the reference time, the 
dynamic response of the mast to fluctuating wind conditions was 
demonstrated. Implications of these results show that apart from the 
initial and volume cost, low-frequency wind-induced oscillation can be 
harvested by the tapered mast structure for generating power, which 
can be useful for low-cost and bladeless wind energy application 
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