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A vortex-bladeless turbine is a device that works with vortex-induced vibration, 

which is generated by wind energy. It is one of the innovative devices for wind energy 

harvesting with some remarkable advantages compared to classical turbines. Such 

wind turbines have numerous advantages, including less maintenance than classical 

windmills, lower manufacturing costs, and easier installation. Vortex's nobility comes 

from its spectacular form of harvesting energy by vibration. The mast vibrates in the 

wind, with lift force made with Von-Karman vortices when a moving air cross-passes 

over a mast (with a mean diameter of the mast D) structure. At the lower part of the 

mast, an elastic rod (carbon fiber) moves an alternator and harvests electricity with 

the least parts in contact. To optimize this technology for harvesting the potential 

energy, one of the critical parameters is the mean diameter D, which is analytically 

studied to have the largest displacement amplitude at the tip of the mast. To this end, 

the bladeless generator is simulated as a one-degree-of-freedom system moving 

transverse with the flow direction. The mass-damping parameter (m*ζ), which 

depends on a mast and core fabric, is investigated. Air forces are extracted from 

experimental experiences, and fabrics are determined at the design stage according to 

references (carbon fiber for the core and carbon glass for the mast). The velocity of 

the air is determined according to where the bladeless generator will be installed. In 

the end, the results are verified by CFD methods in fluent software. ICEM software 

is used for meshing the 2-dimensional model. The Piso algorithm and kω-sst model 

are applied to model the airflow to solve the problem. 
© 2024 Iranian Society of Acoustics and Vibration, All rights reserved. 
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1. Introduction  

Vortex Bladeless Generators (Figure 1.) create a windmill (mast) with no rotating parts like gears 

or shafts. This device is a new way of harvesting wind energy that inspires and develops the wind 

harvesting market. The Vortex device is made of a mast that oscillates in the low-range velocity 

of wind and generates energy as it moves. The vortices are generated according to vortex-shedding 

theory, and the turbine converts the kinetic energy of the air into electrical energy using an 
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electromagnetic alternator or piezoelectric mechanism. This phenomenon occurs in a steady and 

unsteady airflow for a specific range of Reynolds numbers, as shown in Figure 2. 

 
Fig. 1. Vortex bladeless generator model [1]. 

Normally, the flow pattern is described by two turbulent shear layers on both sides of the mast [2]. 

 
Fig. 2. Schematic of vortices behind a circular cylinder at different Reynolds numbers [3]. 
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The shedding vortices behave periodically with a frequency of fT. This frequency is related to the 

air velocity U and the size of mean diameter D, which define the Strouhal number as follows [3]:  

 𝑺𝒕 =  𝐟
𝐃

𝐔
 (1) 

As the Reynolds number is raised from zero, the oscillation frequency increases. A Reynolds 

number exists at which the vortex shedding frequency and the body's natural frequency are close. 

Thus, with the low range of mechanical properties and mass, significant oscillation can be 

transversed to the bladeless turbine. When the bladeless generator oscillates, a complicated 

interaction is created between the mast and air. Two critical parameters must be outlined: the size 

of a mean diameter (D) that makes the generator's natural frequency synchronize with the vortex 

shedding frequency (lock-in regime) and the generator response indicated with the amplitude of 

the top of the mast. 

The idea of using vortex-induced vibration (VIV) for harnessing energy was first used by Bernitas 

[4], who made a device called VIVACE (Vortex Induced Vibration Aquatic clean energy). This 

device uses the VIV energy with a circular cylinder mounted on a spring in a different flow velocity 

to harvest electricity. Other approaches have been recently analyzed by Barrero-Gill [5] and Q.Zhu 

[6]. Rostami et al. investigated the analytical solution of vortex-induced vibration [3]. One precise 

model of a vortex bladeless wind turbine consists of the forced oscillation of the structure exposed 

to the fluid flow domain accomplished by the Navier-stocks equations, considering dynamic 

boundaries [7]. Considering all the complications related to the modeling fluid flow, a two-

dimensional flow model exerting a crosswise lift force on both sides of the mast is 

recommended.  With this model [8], semi-empirical methods [9] or analytical methods [10] replace 

the sophisticated CFD calculations. Considering the complications of CFD and analytical 

simplifications, semi-empirical models are more favorable. The most conventional semi-empirical 

model of the vortex-induced vibration force is the method of a wake vibration with a variable flow 

that models vortex shedding, which is harmonic [11]. The flow should satisfy the van der  Pol 

equation, which results in a harmonic and stable vibration  [12].  The model of a semi-empirical 

wake oscillator has been demonstrated to have the potential to clarify basic features of VIV, such 

as the lock-in phenomenon and limit cycle oscillations [13]. Because of the structural forced 

oscillations, modeling of vortex-induced vibration bladeless wind turbines is complicated and 

leads to PDEs (partial differential equation). These equations can be reduced with various 

approaches, such as the Galerkin method, and turned into ODEs (ordinary differential equations) 

[7]. Other techniques are proposed to simplify the structural oscillation model, such as the method 

of lumped parameters [14, 15], Rayleigh-Ritz method [16], assumed modes method [17], 

collocation method [18], and least squares method [19]. In this paper, to calculate the most 

optimum mechanical properties, the mass-damping parameter (m*ζ) is used to maximize the 

efficiency of the vortex bladeless generator with analytical methods followed by verification of 

the results with a numerical solution. 

 

 

 

 

 



S.S. Mansouri et al. / Journal of Theoretical and Applied Vibration and Acoustics 10(2) 23-33 (2024) 

26 

 

 2. Efficiency of vortex bladeless generator  

2.1. Mathematical model for optimizing vortex bladeless generator  

A circular cylinder mounted on a spring is used as a simplified vortex bladeless generator. This 

model is recommended in several VIV studies. The mass oscillates in the y direction, as shown in 

Figure 3, and has a natural frequency of oscillation fn and a mass per unit length m. Air forces on 

carbon fiber rods are neglected, considering the small diameter. 

 

 
 

 Fig. 3. Simplified model for vortex bladeless generator with a mast of length 1 m 

 

Some important parameters to simulate the bladeless generator as a spring-mounted circular 

cylinder are the mass ratio m* (the dimensionless number that is defined as the ratio of the mean 

density of the mast to the density of the air), the reduced velocity U* (the dimensionless number 

that is defined as the ratio of convective acceleration to the local acceleration of the flow), the 

mechanical damping ζ, the Reynolds number Re, or the aspect ratio L/D (see Figure. 3). 

Additionally, it is of interest to find how the energy efficiency depends on these parameters. The 

main goal of this paper is to study the role of the mean diameter and mechanical-damping 

parameter (m*, ζ) in the energy efficiency for the simplified form of a vortex bladeless generator.  

The equation that governs the transversal displacement of the mast is as follows [20]: 

 𝒎(𝒚̈ + 𝟐𝜻𝝎𝒏𝒚̇ + 𝝎𝒏
𝟐𝒚) = 𝑭𝒚(𝒕) 

(2) 

where the dot denotes the time derivative. 

An experimental study carried out by Hovar [20] shows that the Lock-in region can be 

approximated by an air force per unit length using Equation (3) [20]. 

 𝑭𝒚 =
𝟏

𝟐
𝝆𝑼𝟐𝑫𝑪𝒚(𝒕) =

𝟏

𝟐
𝝆𝑼𝟐𝑫𝑪𝒚𝒔𝒊𝒏(𝟐𝝅𝒇𝒕 + 𝝓) (3) 

 

 

where ɸ is the phase angle that forces drive the cylinder to the direction of displacement and f is 

the vibration frequency [17]. Substituting Equation (2) in Equation (3), considering (according to 
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experimental data) a steady state of harmonic vibrations y(t)=A sin(2πft), and regarding sine and 

cosine terms, the equation for the normalized frequency f* = f/fn and normalized amplitude A* = 

A/D is [20]: 

 
𝒇∗ =

𝐟

𝐟𝒏

= (𝟏 −
𝐶𝒚 𝒄𝒐𝒔𝝓𝐔∗𝟐

𝟖𝝅𝟐𝒎∗𝑨∗
)

𝟏
𝟐

 (4) 

 
𝑨∗ =

𝐀

𝐃
=

𝐶𝒚 𝒔𝒊𝒏𝝓

𝟏𝟔𝝅𝟐𝒎∗𝜻
(

𝐔∗𝟐

𝐟∗
) (5) 

As it can be concluded from Equations (4) and (5), A* is a function of two parameters, m* and ζ, 

as well as U*, that are independent. 

2.2. The efficiency of vortex bladeless generator  

The energy efficiency can be considered over one cycle of oscillation (T) by the amount of work 

done per unit length by the air. Therefore, the efficiency factor is defined by the ratio of the mean 

power imposed to the body by the flow per unit length PF-B and the total power that exists in the 

flow per unit length PF, that is [20]: 

 𝜼 =
𝑷𝑭−𝑩

𝑷𝑭

 (6) 

Considering the total power per unit length in the flow given in Equation 7. The power imposed 

on the body per unit length and the cycle of oscillation T from the flow by the oscillating body is 

given by [20]: 

 
𝑷𝑭 =

𝝆𝑼𝟑𝑫

𝟐
 (7) 

 
𝑷𝑭−𝑩 =

𝟏

𝑻
∫ 𝑭𝒚𝒚 ̇

𝑻

𝟎

𝒅𝒕 (8) 

According to sinusoidal vibrations in the steady state flow with amplitude A and frequency f, it 

follows from Equations (3) and (8) that the efficiency factor can be defined in terms of the 

normalized velocity, amplitude, and frequency. In the experimental study which gives the 

excitation coefficient CYsinɸ, (Equation 9) [20], the efficiency factor is defined as: 

 𝜼 = 𝝅𝑨∗𝑪𝒚𝒔𝒊𝒏𝝓 (
𝒇∗

𝑼∗
) (9) 

Equation 9 should be calculated for the best efficiency at the design stage. Experimental data that 

have been extracted by Hovar [20] were used to have 𝐶𝑦𝑠𝑖𝑛𝜙 and𝐶𝑦𝑐𝑜𝑠𝜙. 
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Fig. 4. Contour plot of CYsinɸ measured by Hover et al. [20]. 

 

 
Fig. 5. Contour plot of CYcosɸ measured by Hover et al. [20]. 

 

Four steps have been taken to calculate efficiency: 

The amplitude of true reduced velocity V* (that is fixed) is chosen according to the environment 

where the generator will be installed. 

The normalized amplitude and frequency increase from 0 to 1 and 0.5 to 1.5 until Equations (4) 

and (5) are satisfied. Two residuals are defined ( Equations (10) and (11)): 

 
𝒓𝒆𝒔𝟏𝒊 = 𝑨∗ −

𝐶𝒚 𝒔𝒊𝒏𝝓

𝟏𝟔𝝅𝟐𝒎∗𝜻
(

𝐔∗𝟐

𝐟∗
) (10) 

 
𝒓𝒆𝒔𝟐𝒊 = 𝒇∗−(𝟏 −

𝐶𝒚 𝒄𝒐𝒔𝝓𝐔∗𝟐

𝟖𝝅𝟐𝒎∗𝑨∗
)𝟏/𝟐 (11) 
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The process continues until both res1i < 0.01 and res2i < 0.01 satisfy. 

The actual reduced velocity is changed in a step of 0.1 in the range of 4–14. 

3. Results 

Math Works MATLAB R2022b is used to calculate efficiency and normalize amplitude, and the 

results are shown in Figure 6: 

 

 
Fig. 6. Energy efficiency for different values of the mass-damping parameter. 

 

 
Fig. 6. Normalized amplitude for different values of the mass-damping parameter. 

In Figure 6, the efficiency factor 𝜼  and normalized amplitude are maximum when mechanical 

properties are around 0.25, and the bladeless generator is expected to have its best performance. 

The material specifications used for our generator in Table 1 are chosen from Satish 

Raghuwanshi's study [20]. 

Using the results and the material specification, the best performance of the Vortex bladeless 

generator is when the mean diameter of the mast is 0.0984 meters and the reduced velocity is 7.3.  

 A numerical approach is used to validate these results, which will be discussed in the next 

section. Normalized amplitude is examined for analytical validation with CFD methods. 

 

https://p30download.ir/fa/entry/102914/
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Table. 1. Material specification of the mast. 

 

 

 

 

 

 

 

 
   

4. Numerical approach and validation 

The grid structure and methods used to solve the flow field are briefly explained in this section. 

The analytical approach is validated with CFD methods in fluent software. The simulation 

parameters, including grid size and shape, time step size, and CFL number, are calculated fine 

enough to gain mesh independence and have acceptable errors in turbulent flow simulations [15]. 

4.1.Grid Structure 

The flow domain specification contains a two-dimensional rectangular block of dimensions 35D 

× 14D. The center of the Vortex bladeless generator of diameter is taken as the origin. The grid 

region has been made concerning moving parts, and we used a non-deforming grid to produce 

more accurate results. Grid dependency has been checked in Figure 8. Thus, the resulting grid has 

93526 elements and 92826 nodes. 

 

 
Fig. 7. Computational domain. 

Vortex generator material specification 

3.2 Young's modulus (GPa) 

100 Mast Length (CM) 

2.5 Thickness (mm) 

1380 Mast Density (kg/m3) 

Q2 
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Fig. 8. Grid dependency. 

 

The Reynolds Average Navier Stokes (RANS) model is applied to simulate the turbulent flow. 

The boundary layer is generated around the mast. Applying the dynamic mesh and using a hybrid 

grid shape, the flow-induced vibration of the bladeless generator, which moves in the vertical 

direction of flow, is solved. There are initially a total of 93526 elements in the domain, but this 

number is prone to changes due to the deformation of elements. As can be seen, the generator is 

designed to have the best performance when U*=7.24. By knowing the stiffness and natural 

frequency of the generator, the velocity of the air should be around 6.72 m/s. The function of the 

spring is defined using a user-defined code (UDF). 

4.2. Assumption and boundary conditions: 

In this study, the Piso algorithm is applied, which is recommended for VIV problems 

[14]. Dynamic mesh is activated, and residuals are set to 0.001; the height of the first element is 

determined to be 0.0025, and the boundary conditions are as follows: 

 

 

 

 

Wall 1 (velocity inlet): 6.72 m/s   

Wall 2 & Wall 3: symmetry  

Wall 4: pressure outlet      
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Fig. 9. Normalized amplitude for different values of the mass damping parameter. 

 

As shown in Figure 9, both numerical and analytical results are nearly the same and can be used 

to simulate the vortex bladeless generators according to installation sight. 

5. Conclusions 

This paper studied the effect of critical parameters, like mean diameter and mass-damping 

coefficient, on the efficiency of a vortex bladeless turbine. A mass-spring model is considered to 

simulate a vortex bladeless turbine. The efficiency factor is defined by the normalized mass, 

normalized amplitude, normalized efficiency, and reduced velocity. Experimental data is used to 

calculate the forces that act on the mast. It was shown that the vortex bladeless turbine performs 

best at a velocity of 6.8 m/s when the mass-damping parameter is around 0.25 and the reduced 

velocity is 7.3. Thus, the mean diameter of the mast should be around 0.0984 m for the turbine to 

experience the Lock-in situation. A two-dimensional CFD model is used with transient conditions 

to validate the analytical approach. The K-ω SST is used. Piso algorithm is applied. 

In conclusion, the CFD model has shown an 8% discrepancy from the analytical result, which is 

an acceptable error. It was indicated that the results presented in this paper could be representative. 

From an engineering point of view, the parametric analysis of the present study can help to design 

a device to extract useful energy from VIV efficiently. The experimental prototype has been built 

and planned to be tested with the parameters found in this study. 
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