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Abstract. Natural gas station is an important part of the whole natural gas pipeline transmission system, in 
which the pipeline vibration is a hidden danger that cannot be ignored for the safe operation of the station. In 
view of the severe vibration of the pipeline in a natural gas station of an enterprise, the vibration acceleration 
sensors are used to test the vibration of each measuring point under different working conditions, and then 
the three-dimensional finite element model of the pipeline is established by using numerical simulation 
software to study its structural characteristics and gas column characteristics. Through the analysis of field 
test results and simulation results, it is found that there are two main vibration frequencies in the pipeline: 
116.75 Hz and 123.0 Hz. The former is caused by the resonance between the gas column frequency and the 
natural frequency in pipe B; The latter is due to the impact of the gas column force in pipe A on pipe B. 

1 Introduction 

In the process of natural gas transmission, the abnormal 
vibration of the pipeline in the natural gas station will 
loosen and rupture the connection parts of the pipeline 
accessories, ranging from leakage to explosion, resulting 
in serious accidents. Therefore, it is necessary to analyze 
the vibration of the pipeline system, find out the causes of 
the vibration, and take effective measures to reduce the 
vibration. 

The research on pipeline vibration has been favored 
by technicians of scientific research institutes and major 
engineering companies. Its main research directions focus 
on two aspects: the analysis of dynamic characteristics of 
pipeline structure and the analysis of aerodynamic 
characteristics in pipe. 

In the analysis of dynamic characteristics and dynamic 
response of pipeline structure, the characteristics of 
natural frequency, vibration amplitude and stress of 
pipeline structure have always been the focus of 
theoretical research by many scholars. Housner [1] 
replaced the pipe model with the beam model, and 
assumed to ignore the structural damping, gravity, fluid 
pressure and external tensile pressure, calculated the 
vibration equation of long straight pipe with equal wall 
thickness. However, this method is not applicable to 
calculate the natural frequency of complex pipeline 
system under space conditions. In this case, the methods 
often used to calculate the natural frequency are finite 
element method and transfer matrix method. Jia et al. [2] 
established the finite element model of variable cross-
section liquid filled pipeline, analyzed the vibration 
frequency of the pipeline system, and judged whether the 
resonance frequency may occur through the analysis 
results. Sutar et al. [3] simulated the model of fluid 
transmission pipeline through finite element analysis, and 

studied the effects of end conditions on the natural 
frequency, static and fluid flow conditions of empty pipe. 
Irie et al. [4] referred to the Timshenko beam model and 
deduced the vibration and stability of the flow 
transmission pipeline by using transfer matrix method. 
Lesmez et al. [5] made a further innovation on the 
vibration transfer matrix method of spatial pipeline 
system, and gave priority to the variable separation 
method when deriving the characteristic matrix of 
pipeline. Li et al. [6] studied the vibration analysis of 
liquid pipeline system, and extended the frequency 
domain analysis of fluid-structure interaction from single 
pipe to multi-pipe system by using the transfer matrix 
method. Liu et al. [7] derived the transfer formulas of 
deflection, angle, bending and shear between two adjacent 
spans of multi span pipeline by using the matrix transfer 
method, and gave the natural frequency equation and 
vibration mode function between adjacent spans of multi 
span pipeline. Li et al. [8-10] established a 14 equation 
model to describe the fluid-structure coupling behavior of 
the pipeline, and then analyzed the effects of support, 
structural performance and fluid parameters on the 
dynamic response and natural frequency of the pipeline 
by using the transfer matrix method. Based on the transfer 
matrix method, Batura et al. [11] proposed an effective 
method for calculating the static and dynamic stress and 
residual strength of complex space pipeline considering 
the internal vibration of fluid and Poisson coupling. 
Guidara et al. [12] used the transfer matrix method and 
Laplace transform to calculate the natural frequencies of 
the system under different boundary conditions 
considering fluid-structure coupling. 

In studying the gas dynamic characteristics of pipeline, 
the main means of scientific researchers is to calculate the 
natural frequency of gas column by analyzing the gas 
column parameters (such as gas pressure, gas density and 

GESD 2021
E3S Web of Conferences 329, 01083 (2021) https://doi.org/10.1051/e3sconf/202132901083

   © The Authors,  published  by EDP Sciences.  This  is  an open  access  article distributed under the  terms of the Creative Commons Attribution License 4.0
 (http://creativecommons.org/licenses/by/4.0/). 



 

gas flow velocity), and establish and improve the 
mathematical model. Kinsler et al. [13] deduced the plane 
wave theory through the study of gas in pipe and a series 
of specific assumptions. Mohri and Hayama [14] 
appropriately modified the plane wave theory by 
assuming that the damping is directly proportional to the 
square of the gas velocity, and expanded the application 
range of the plane wave theory to apply it to the resonance 
region. MacLaren et al. [15] considered the influencing 
factors of the resonance region, such as the average 
velocity and the heat exchange of the gas, and obtained 
the unsteady equations. With the help of computer 
technology, the equations can solve the results of gas 
pulsation with high precision. The experimental 
verification is relatively consistent, and the mathematical 
model of gas pulsation is further improved. Kriesels et al. 
[16] studied the flow characteristics in a pipe system with 
two opposite closed side branches of equal length. Tonon 
et al. [17] discussed the flow-induced pulsation in a 
resonant pipe network with closed branches, and proposed 
a single-mode model for predicting self-sustained 
oscillation. Okuyama et al. [18] conducted several air 
flow experiments at room temperature and pressure to 
study the effects of geometric parameters and flow 
parameters on general acoustic resonance. Xiao et al. [19] 
experimentally studied the effects of branch length and 
edge geometry on the acoustic resonance characteristics 
of closed side branches. With the in-depth research on the 
basic theory and experimental methods of pipeline 
vibration by scientific researchers and technicians, more 
and more pipeline vibration problems have been 
effectively solved. 

In this paper, aiming at the problem of severe pipeline 
vibration in a natural gas station of an enterprise, the 
vibration acceleration sensor is used to test the variable 
condition vibration of each measuring point of the 
pipeline, and then combined with numerical simulation, 
the vibration data are analyzed to find out the causes of 
pipeline vibration. 

2 Model and Method 

2.1 Distribution of measuring points 

The tested pipeline in the natural gas station are shown in 
Figure 1. Natural gas is transmitted from pipe A to pipe B 
through tee, and then transmitted to the downstream 
through buried pipeline. The nominal diameter of pipe A 
is 800 mm and the wall thickness is 16 mm. The nominal 
diameter of pipe B is 1000 mm and the wall thickness is 
18.4 mm. 

 

Figure 1. Tested pipeline in natural gas station 
 
The vibration acceleration sensors are used to test the 

vibration of the pipeline. The measuring points are 
distributed on pipe A and pipe B. The measuring points 
on pipe A are measuring point 4 (MP4) and measuring 
point 5 (MP5) respectively, and the measuring points on 
pipe B are measuring point 1 (MP1), measuring point 2 
(MP2) and measuring point 3 (MP3) respectively, as 
shown in Figure 2. 

 

  

(a) MP1 and MP2 

 

(b) MP3 
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(c) MP4 

 

(d) MP5 

Figure 2. Distribution of measuring points 

2.2 Simulation model 

The three-dimensional model of the pipeline is 
established by using ANSYS software, as shown in Figure 
3. The unit type adopts three-dimensional sound unit, the 
medium in the pipe is natural gas, the density is 44.12 
kg/m3, and the sound velocity is 430.1 m/s. At the closed 
valve, the boundary condition is set as acoustic closure. 
At the pipe inlet, the boundary condition is set as acoustic 
opening. 
 

 

Figure 3. Three-dimensional model of pipeline 

2.3 Simulation method 

It is assumed that the gas in the pipeline is compressible 
and there is no average flow. According to the continuity 
equation and momentum equation, the acoustic wave 
equation [20] can be obtained: 
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where, ρ0 is the average fluid density, p is the acoustic 
pressure, c is the sound velocity in the fluid medium, t is 
the time, μ is the dynamic viscosity and Q is the mass 
source. 

The finite element expression of acoustic wave 
equation is obtained by using Galerkin method and finite 
element approximate shape function: 

          

            

          

2 2 2
0 0

'
,

0

2
0 0

1 4

3

1

1 4

3

F F

F F

F F

TT

e e

TT T

e e F

TT

N N dV p N N dV p
c c

N N dV p N n N ds u

N N dV q N N dV q


 




 

 

 

 

  

   

   

 

 

 

 





       (2) 

Where, {N} is the element shape function of pressure, dV 
is the volume differential of sound domain ΩF, {Pe} is the 
node pressure vector, and ds is the surface differential of 
sound field boundary ΓF, {n} is the normal vector outside 
the fluid boundary, {N’} is the element shape function of 
displacement, {ue} is the node displacement vector, {q} is 

the node mass source vector, and  q  is the first 

derivative of the node mass source vector. 
The above equation can be expressed by matrix to 

obtain the following discrete wave equation: 
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is the load vector of acoustic fluid; 

0  is the mass density constant of acoustic fluid. 

3 Measurement results 

3.1 Natural frequency measurement 

The natural frequency measurement is carried out by 
pulse excitation method. By analyzing the frequency 
spectrum of pulse response, the natural frequency of each 
pipe section can be obtained. 
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Figure 4 shows the vibration spectra of MP1 in the 
vertical direction without excitation and excitation, and 
Figure 5 shows the vibration spectra of MP1 in the 
horizontal direction without excitation and excitation. As 
can be seen from Figure 4, when not excited, the 
frequency of MP1 is mainly 116.0 Hz, while when excited, 
the frequency still exists, but the amplitude increases 
sharply. This shows that the natural frequency of MP1 in 
the vertical direction is 116.0 Hz. Similarly, it can be seen 
from Figure 5 that the natural frequency of MP1 in the 
horizontal direction is also 116.0 Hz. 

 

  

(a) without excitation 

 

(b) under excitation 

Figure 4. Vibration spectra of MP1 in vertical direction 
without excitation and excitation 

 

  

(a) without excitation 

 

(b) under excitation 

Figure 5. Vibration spectra of MP1 in horizontal direction 
without excitation and excitation 

 
The discussion of other measuring points is similar to 

the above. In order to reduce redundancy, the vibration 
spectrum figures of other measuring points are no longer 
placed in this paper. Instead, Table 1 lists the natural 
frequencies of all measuring points in both vertical and 
horizontal directions. It should be noted that there is a 
vertical support near MP2 (see Figure 2(a)), so the natural 

frequency measured by pulse excitation method is not 
obvious. 

Table 1. Natural frequencies of all measuring points in vertical 
and horizontal directions 

 MP1 MP2 MP3 MP4 MP5 
Vertical 
direction 

116.0 
Hz 

— 
198.0 

Hz 
284.0 

Hz 
272.0 

Hz 
Horizontal 
direction 

116.0 
Hz 

200.0 
Hz 

198.0 
Hz 

284.0 
Hz 

288.0 
Hz 

3.2 Comparison between normal and vibration 
conditions 

Figure 6 and 7 show the time domain waveforms and 
spectra of MP4 under normal and vibration conditions. It 
can be seen from the figures that under normal condition, 
the vibration is very small, while under vibration 
condition, the vibration increases sharply, and the 
vibration frequencies are 116.75 Hz and 123.0 Hz.  
 

 

(a) time domain waveform 

 

(b) spectrum 

Figure 6. Time domain waveform and spectrum of MP4 under 
normal condition 

 

 

(a) time domain waveform 

 

(b) spectrum 

Figure 7. Time domain waveform and spectrum of MP4 under 
vibration condition 
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The discussion of other measuring points is similar to 
the above. In order to avoid redundancy, the time domain 
waveforms and spectra of other measuring points under 
two working conditions are not placed in this paper. 
Instead, Table 2 lists the main vibration frequencies and 
peak-peak values of all measuring points under normal 
and vibration conditions. It can be seen from the table that 
the main vibration frequencies of each measuring point 
are about 116.75 Hz and 123.0 Hz under both normal and 
vibration conditions. Under the vibration condition, the 
vibration of each measuring point increases sharply (more 
than ten times larger than that under the normal condition). 
The maximum vibration is located at MP1, because the 
natural frequency of MP1 is 116.0 Hz, which may form 
resonance and cause severe vibration. In addition, the 
vibration component of 123.0 Hz is also large. In order to 
understand this phenomenon, it is necessary to conduct 
numerical simulation analysis of the pipeline. 

 

Table 2. Main vibration frequencies and peak-peak values of 
all measuring points under two working conditions 

Working 
condition 

Measuring 
point 

Direction 
Main 

vibration 
frequencies 

Peak-
peak 
value 

normal 
condition 

MP1 
vertical 

116.75Hz，
123.0Hz 

0.025g 

horizontal 
116.5Hz，
123.75Hz 

0.025g 

MP2 
vertical 

116.5Hz，
123.0Hz 

0.021g 

horizontal 
116.5Hz，
123.25Hz 

0.025g 

MP3 
vertical 

116.5Hz，
123.5Hz 

0.025g 

horizontal 
116.5Hz，
123.25Hz 

0.025g 

MP4 
vertical 

116.75Hz，
123.0Hz 

0.031g 

horizontal 
116.75Hz，

123.0Hz 
0.031g 

MP5 
vertical 

116.5Hz，
123.5Hz 

0.031g 

horizontal 
116.5Hz，
123.25Hz 

0.030g 

vibration 
condition 

MP1 
vertical 

116.75Hz，
123.25Hz 

0.50g 

horizontal 
117.0Hz，
123.25Hz 

0.57g 

MP2 
vertical 

116.75Hz，
123.25Hz 

0.27g 

horizontal 
116.75Hz，
123.25Hz 

0.38g 

MP3 
vertical 

116.75Hz，
123.0Hz 

0.35g 

horizontal 
116.75Hz，
123.25Hz 

0.48g 

MP4 
vertical 

116.75Hz，
123.0Hz 

0.37g 

horizontal 
116.75Hz，

123.0Hz 
0.17g 

MP5 
vertical 

116.75Hz，
123.0Hz 

0.32g 

horizontal 
116.75Hz，

123.0Hz 
0.36g 

 
 

4 Simulation results 

Aiming at the problems of unknown vibration frequency 
and unknown vibration cause in the measurement results, 
the finite element model of the pipeline is established by 
using ANSYS software, the variation laws of different 
order vibration modes are obtained, the gas column 
frequency of the pipeline is calculated and compared with 
the excitation frequency, so as to effectively determine the 
cause of pipeline vibration.  

Figure 8 shows the vibration modes of pipe A and pipe 
B obtained by simulation calculation. As can be seen from 
the figures, pipe B has both vertical and horizontal 
vibration, while pipe A is mainly horizontal vibration. 

 

 

(a) vertical vibration 

 

(b) horizontal vibration 

 

(c) horizontal vibration 

 

(d) horizontal vibration 

Figure 8. Vibration modes of pipe A and pipe B 
 
The contour plots of gas column are obtained through 

simulation calculation, as shown in Figure 9. In Figure 
9(a), the gas column is mainly located on pipe B. It is 
generated due to the acoustic closure of pipe B. Its 
frequency is estimated to be 117.8Hz by simulation, 
which is close to the vibration frequency of 116.75 Hz. In 
Figure 9(b), the gas column is mainly located on pipe A, 
which will impact pipe B. The simulation estimates that 
the gas column frequency is 128.0 Hz, which is close to 
123.0 Hz obtained from field measurement. 

 

 

(a) 117.8 Hz 
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(b) 128.0 Hz 

Figure 9. Contour plots of gas column at different frequencies 

5 Conclusion 

The field vibration measurement and simulation 
calculation show that there is a gas column excitation 
source in the pipeline. The gas column propagates 
outward along the pipeline and will arouse strong 
vibration when encountering the unreasonable pipeline. 
There are two main vibration frequencies: 116.75 Hz and 
123.0 Hz. The former is caused by the resonance between 
the gas column frequency and the natural frequency in 
pipe B; The latter is due to the impact of the gas column 
force in pipe A on pipe B. In order to reduce the vibration 
of the pipeline, it is recommended to increase the stiffness 
of the buried pipe section in pipe B and change the length 
of the straight pipe section between the tee and the elbow 
in pipe A. 
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