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Abstract 

The vibration characteristics of a wind energy harvesting device used for vortex-induced 
vibration power generation are studied. Using air as the fluid medium, based on the CFD 
computational fluid dynamics method, using overlapping grid technology combined 
with the custom function in the FLUENT, the energy acquisition principle of the vortex-
induced vibration power generation device is described, and the vortex-induced 
vibration characteristics of the cylinder are analyzed. The response law of cylinder 
vortex-induced vibration is explained. Within a certain range of reduced wind speed, the 
response of cylinder vortex-induced vibration first increases and then decreases. When 
resonance occurs, the response is strongest. At this time, the wind energy acquisition 
device for vortex-induced vibration power generation is obtained the energy is the 
largest. The results show that the use of vortex-induced vibration principle for power 
generation has certain application potential and is one of the effective ways to obtain 
energy. 
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1. Introduction 

Flow induced vibration is a common fluid structure coupling phenomenon. In a certain range 
of Reynolds coefficient, when the steady flow bypasses a non streamlined bluff body, 
alternating pressure will be generated on the bluff body. When the bluff body is an elastic body, 
it will vibrate laterally, and the vibration of the bluff body will change the motion of the fluid.  
The flow induced vibration process contains huge energy and has a strong destructive effect, 
such as the damage of buildings, bridges, marine risers and other structures. Therefore, 
researchers mainly focus on the means of flow induced vibration suppression. However, in 
recent years, with the development of science and technology, it has been found that the energy 
in vortex induced vibration can be used by some power generation devices. Transform its 
destructive effect into a means of energy acquisition. 

Therefore, various flow induced vibration energy power generation devices have emerged. The 
flow induced vibration acquisition technology based on wind or hydropower power generation 
usually takes four flow induced vibrations such as vortex induced vibrations, galloping, flutter 
and buffeting as the energy collection mechanism[1]. The most common vortex induced 
vibration power generation device provides a new form of energy utilization, which not only 
improves the utilization rate of wind energy, but also is conducive to the development of marine 
energy. Its simple structure and easy maintenance make the volume of the power generation 
device can be adjusted with the application, which provides convenience for the power supply 
of civil, micro electric equipment, sensors and so on. It improves the energy utilization rate and 
makes up for the deficiency of the traditional chemical battery power supply mode. 
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In 2009, bernitsas and Raghavan of the University of Michigan proposed vortex induced 
vibration low-speed ocean current power generation device [2-4].In 2012, William B. Hobbs 
and others proposed a tree type vortex induced vibration power generation device based on 
the way that the blunt body produces vortex induced vibration and causes the deformation of 
piezoelectric materials [5-6].In 2015, votex company of Spain developed vortex induced 
vibration wind turbine generator by using vortex induced vibration phenomenon [7-8]. In 
recent years, Yili Hu [9] and others proposed a piezoelectric flow energy harvester (PFEH), 
which uses a cylindrical blunt body to generate vortex induced vibration in the wind field and 
drive the piezoelectric cantilever beam to vibrate to generate electric energy. The above vortex 
induced vibration power generation equipment mainly uses the principle of cylindrical vortex 
induced vibration In terms of dynamics. The fluid bypasses the cylindrical vibrator of the power 
generation equipment to generate vortex induced lift. Under the action of vortex induced lift, 
the cylindrical vibrator generates transverse vibration, which drives the generator in the device 
to operate or the piezoelectric material to deform to generate electricity. When the natural 
frequency of the cylindrical vibrator is close to or equal to the vortex shedding frequency, the 
locking phenomenon will occur. At this time, the vibration response of the power generation 
equipment is the most obvious and the energy obtained is the largest. 

Taking air as the fluid medium, based on CFD computational fluid dynamics method, using 
overlapping grid technology and the user-defined function function in fluent solver, this paper 
explores the energy acquisition principle of cylindrical vibrator of vortex induced vibration 
power generation device, and describes its vibration characteristics and laws. This paper 
provides a good reference for the subsequent research and development of flow induced 
vibration power generation equipment and energy absorption. 

2. Numerical calculation and analysis 

2.1. Structural control equation 

When the cylindrical oscillator is placed in the wind field, due to its large mass, it can be 
regarded as a spring vibration subsystem with a single degree of freedom [10], and only the 
transverse vibration under the action of vortex-induced lift is considered. The system 
schematic diagram is shown in Figure 1: 

 
Fig.1 Single degree of freedom cylindrical spring oscillator system 

For the vortex-induced vibration of a cylinder with a single degree of freedom, its control 
equation can be expressed as: 

m�̈� + 𝑐�̇� + 𝑘𝑦 = 𝐹𝐿(𝑡)                                                                    (1) 

Where, y, y and y are the instantaneous displacement, velocity and acceleration of the lateral 

movement of the cylinder respectively, m is the mass per unit length of the cylinder, c and K are 
the damping coefficient and stiffness of the structure respectively. FLis the lift force acting on 
the structure, its value can be expressed as 0.5ρU2DCL , CL and is the lift coefficient. 
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Equation (1) can also be expressed as: 

 

�̈� + 2𝛿𝜔0�̇� + 𝜔0
2𝑦 =

𝐹𝐿

2𝑚
                                                                           (2) 
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2.2. Solution of structural control equations 

The fourth-order Runge-Kutta method is used to solve the equation (2) of motion. Given the 
transverse velocity and displacement of the cylinder at the moment t𝑛 , the velocity and 
displacement at the moment t𝑛+1 are obtained by discretization 
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The expression of 𝐾1, 𝐾2, 𝐾3 and 𝐾4 is as follows: 
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In the above formula, m,δ and 𝜔0are the mass, damping ratio and natural circular frequency of 
the structure respectively, and ∆t is the time step. 

2.3. CFD fluid structure coupling process 

In the numerical calculation in this paper, the fluid-structure coupling between the cylinder and 
the flow field is realized based on Fluent software overlapping mesh technology, and the 
calculation process is shown in Figure 2. 

Fluent software was used for flow field calculation, and couple algorithm was used for pressure 
and velocity coupling. The fourth-order Runge-Kutta method was used to solve the equation of 
motion. The code of the fourth-order Runge-Kutta method was written into the user defined 
function (UDF) in Fluent software to solve the equation of motion. 

3. Structure the computing domain model 

SST K - W turbulence model is used for numerical calculation. The calculation domain model is 
shown in Figure 3. The rectangular calculation area is 20D*40D, the upstream incoming flow 
area of the model is 10D, and the downstream wake area is 30D, respectively 10D from the 
upper and lower boundaries. D is the characteristic length perpendicular to the incoming flow 
direction, namely, the diameter of the cylinder. The fluid flows from left to right, and the left 
side is set as inlet and the right side as outlet. The upper and lower boundaries are symmetrical 
boundary conditions (Symetry), and the surface of the cylinder is a no-slip boundary (wall). 
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Fig. 2 Flow chart of CFD numerical calculation 

 

 
Fig. 3 Computational domain model 

 

             
(a) Overall fluid field          (b) Background and component grids   (c)  overlapping regions 

Fig.4 Meshing details 

The computing domain uses ICEM18.2 for grid partitioning, as shown in Figure 4.Figure (a) is 
the overall schematic diagram of the mesh division of the flow field, which encrypts the mesh 
within the scope of 4D×4D around the cylinder. As shown in Figure (b), both background and 
component grids use structured grids, and the part near the cylinder surface is boundary layer 

grid ( 1y  ).For the numerical calculation of the flow field, the implicit integral method is used 

for the inch-term, and the second-order upwind discrete scheme is used for the convective term. 
The coupling between velocity component and pressure is processed by COUPLED algorithm. 
The initial condition is (0) (0)y y . 
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4. Verification of numerical calculation model 

The accuracy of the numerical calculation method in this paper is verified by calculating the 
flow around a fixed cylinder at Re=200. The time step is 0.005s, the cylinder diameter is 
50.8mm, and the incoming wind speed is 0.0571m/s. 

 
Fig.5 Time history curve and frequency spectrum analysis of lift coefficient 

               
Fig. 6 Time history curve and frequency spectrum analysis of drag coefficient 

 

Figure 5 and 6 show the time-history curve of lift coefficient and drag coefficient and the 
corresponding spectral analysis diagram of the flow around the cylinder under Re = 200.It can 
be seen from the time history curve that the lift coefficient and the drag coefficient are in the 
form of periodic fluctuation after the calculation stability. According to the spectrum analysis 
figure, the fluctuation frequency of the lift coefficient curve is about twice that of the drag 
coefficient curve, which is consistent with the generation principle of lift and drag.The average 
drag coefficient and lift coefficient amplitude can be obtained by statistical analysis of the above 
results. At the same time, according to the lift coefficient spectrum curve and the actual flow 
velocity, the corresponding Strohlohar number St can be calculated. The calculation results in 
this paper are compared with those in related literatures, and the comparison results are 
shown in Table 1. 

Table 1 Verification of calculation results of fixed flow around a single cylinder 

The result comparison  Cl St 

This paper 1.345 0.54 0.19 

Braza et al.[11] 1.35 0.55 0.200 

Meneghini[12] 1.23 0.54 0.196 

G.X.Wu and Z.Z.Hu[13] 1.36 0.51 0.196 

ChenZhengShou[14] 1.24 0.62 0.210 

LECOINTE 1.29 0.60 0.19 

 

When Re =200, the average lift coefficient amplitude and drag coefficient are Cl = 0.54 and Cd 
= 1.345 respectively, and St value is 0.19. The results are in good agreement with those in 

dC
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related literatures. It shows that the calculation model adopted in this paper has certain 
feasibility and can be used for numerical simulation of related content. 

5. Analysis of numerical calculation results 

In this paper, the CFD numerical calculation model is used to select the wind tunnel 
experimental parameters in reference [13], and the simulation results are compared with the 
experimental data in reference [13], so as to fully analyze the vortex-induced vibration 
mechanism of a cylinder. The parameter Settings are shown in Table 2. 

Table 2 parameter settings 

parameter value 

Cylinder diameter D/mm 50.8 

Natural frequency fn/Hz 6.49 

Air densityρ/kg∙m−3 1.225 

Mass ratio m∗ 1086 

Damping ratioδ 0.149% 

Time step ∆t/s 0.005 

Reynolds number Re 5000-6000 

Equivalent wind speed Ur 4.5-5.5 

 

5.1. Analysis of vibration response  

The time history curve of cylinder displacement can reflect the variation of cylinder amplitude 
with time. By Fourier transform of the cylinder displacement time history curve, the response 
frequency of the cylinder can be seen, and the resonance region and non-resonance region can 
be captured. The frequency spectrum of the lift coefficient is the vortex shedding frequency. 
Figure 7 selects time-history curves of lateral vortex-induced vibration response of cylinder 
under different reduced wind speeds, as well as spectral analysis of time-history curves of 
displacement and lift coefficients. In combination with vibration response at different wind 
speeds in Figure 7, "beat" and "lock" phenomena can be obviously observed in the cylinder 
vibration process. 

 (1) When the equivalent wind speed is low, Ur=4.5, 4.7 and 4.9, obvious "beat" phenomenon 
can be seen from the displacement time-history curve. There are two main displacement 
response frequencies: one is close to the natural frequency of the displacement, and the other 
is close to the vortex stripping frequency, and the vortex stripping frequency is less than the 
natural frequency. With the increase of wind speed, the frequency of vortex shedding is 
gradually close to the natural frequency, the amplitude response is also gradually increased, 
and the period of "beat" is obviously longer. 

 (2) When the equivalent wind speed Ur=5.1, the vibration amplitude of the cylinder reaches 
the maximum, which is about 1.6 times that of the previous working condition. After the 
displacement response reaches stability, the vibration amplitude is relatively stable and there 
is no "beat" phenomenon. At this time, the cylinder resonates, and within the locked region, the 
displacement response frequency component is single. The displacement response frequency 
is equal to the vortex stripping frequency and approximately to the natural frequency of the 
structure, which is about 6.493Hz. Compared with other working conditions, the vibration 
response at locking time is stronger. 

(3) When the equivalent wind speed is high, Ur=5.2, 5.3, 5.5, the displacement response 
frequency appears again in two ways. The cylinder vibration begins to gradually break out of 
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resonance, and the vortex shedding frequency becomes higher and higher, which is more and 
more different from the frequency of the structure itself.The displacement time history curve 
appears "beat" again. At the same time, the vibration response of cylinder decreases with the 
increase of wind speed. The self - excitation and self - limiting character of cylinder vortex-
induced vibration is fully demonstrated. 

 

 
(a)Ur=4.5 

       
(b)Ur=4.7 

       
(c)Ur=4.9 

         
(d)Ur=5.0 

         
(e)Ur=5.1 
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(f)Ur=5.3 

          
(g)Ur=5.5 

Fig.7: Spectrum analysis of the response time history curve of cylindrical transverse vortex-
induced vibration and the time history curve of displacement and lift coefficient 

5.2. Analysis of amplitude ratio and frequency ratio  

Figure 8 shows the variation of amplitude ratio of cylinder VIV with reduced wind speed, and 
compares it with experimental literature. The overall variation law shows good consistency. 
The error may be caused by numerical simulation calculation error, and the actual wind tunnel 
condition differs from the numerical calculation condition. Figure 8 vividly shows the change 
of the cylinder from entering the locked region to leaving the locked region. When the wind 
speed is low, the vibration response of cylinder is small, although there is a small increase, but 
the variation trend is weak. When the wind speed is about 4.9, the vibration response of 
cylinder begins to increase greatly, and the amplitude response is relatively high between 4.9 
and 5.2. When the equivalent wind speedis higher than 5.2, the vibration response of cylinder 
decreases obviously and gradually breaks away from the locked region. 

                 
Fig. 8 Relationship between A/Dand Ur      Fig. 9 Relationship between fs/fn and Ur 

Figure 9 shows the variation of cylinder VIV frequency ratio with reduced wind speed. Fn is the 
natural frequency of the cylinder and FS is the vortex shedding frequency of the cylinder. 
According to figure 8 and 9, the variation trend of frequency ratio can be divided into three 
sections, which correspond to the "low-high-low" variation trend of vibration response 
intensity respectively. 

During the equivalent wind speed from 4.5 to 4.9, the frequency ratio gradually increased. 
When the equivalent wind speed is between 4.9 and 5.2, the frequency ratio is stable around 1, 
and the cylinder is in the VIV locked region. When equivalent wind speed is greater than 5.2, 
the frequency ratio increases obviously and the cylinder breaks away from the locked range. 
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6. Summary 

In this paper, based on the CFD calculation method, through the self-defined function function 

in Fluent solver, the cylinder viv response program is embedded, combined with the 

overlapping grid technology, the energy acquisition principle of cylinder vibrator of the viv 

power generation device is explored, and the vibration characteristics of the viV power 

generation device are explained. The main conclusions are as follows. 

 (1) The research method of vibration characteristics of cylindrical vibrator is introduced, and 
the vibration subsystem of single degree of freedom cylindrical spring is established. The CFD 
numerical model and runge-Kutta method were used to solve the differential equation of 
column motion, and the feasibility of the numerical method was verified. 

 (2) Based on the numerical calculation model, the displacement time-history curve, response 
frequency and lift coefficient response frequency of cylindrical oscillator are obtained. The 
"beat" and "lock" phenomena in vortex-induced vibration of cylindrical oscillator are captured 
by analyzing the time-history curve of displacement response and the spectrum analysis 
diagram. The results show that the cylinder vibrates periodically under the action of vortex-
induced lift, and the vibration response is stronger in the locked region. 

(3) Through the analysis of the vortex induced vibration of the cylindrical vibrator, it is found 
that based on the vortex induced vibration effect of the cylindrical vibrator, the cylindrical 
vibrator of the vortex induced vibration power generation device produces strong vibration 
under the action of lift, converts the wind energy into the kinetic energy of the transverse 
vibration of the vibrator, and uses the vibrator to drive the generator to generate electric energy 
is an effective way to obtain energy, which has a certain application potential. 
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