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Abstract 
In order to investigate the characteristics of water supply pipeline sound source, based 
on the theoretical analysis of the generation mechanism of water supply pipeline 
leakage sound source. The water supply pipeline leakage flow field and sound field 
model were established, And after applying Fluent software calculation, the flow field 
data were imported into the acoustic software: Virtual.Lab. The simulation results under 
different leakage orifice diameter, pipe pressure and fluid flow velocity were obtained 
through the model control variables. The results show that: 1. the sound energy of the 
leakage sound source of the water supply pipeline is mainly concentrated in the 
infrasound frequency band of 0-10Hz; 2. The larger the leakage orifice diameter, 
pipeline pressure and fluid flow velocity, the larger the sound pressure value of the 
leakage sound source. 
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1. Introduction 

Pipeline leaks occur, causing a huge waste of energy as well as loss of life. The frequent occurrence 
of leaks poses a huge threat to the safety of cities. Water supply pipes are located in all corners of the 
city, and the leak signal characteristics are buried in the noise of the city, which is extremely difficult 
to be detected, and once the leak will generate huge economic losses. 

The current methods of leak detection mainly include: pressure gradient method, optical fiber method, 
flow balance method, negative pressure wave method, acoustic wave method, etc. Among them, the 
acoustic wave method does not depend on the density and pressure parameters of the fluid, high 
sensitivity and positioning accuracy, low cost, in recent years, is widely used in oil, gas and other 
energy transportation pipelines. 

Many scholars have carried out research on the sound source of pipeline leakage, Liping Fang[1] et 
al. simulated the leakage process based on fluent and UDF to obtain the acoustic generation 
mechanism of gas-liquid mixed pipeline leakage process; Guijiu Zhou[2] et al. constructed a physical 
model of pipeline leakage noise simulation under different leakage aperture conditions in a medium 
and high pressure environment and tested the accuracy of the simulation using indoor tests; Zhang 
Man[3] et al. established a numerical model of pipeline leakage noise, and analyzed the influence of 
pressure and temperature on the leakage flow field and sound source characteristics of hot water 
pipeline. Jiao jingpin[4] et al. aimed at the influence of acoustic emission signal of multiple leakage 
points on the leakage location of water supply pipeline, an iterative and recursive acoustic location 
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method of multiple leakage points of water supply pipeline is developed, which provides an idea for 
the detection and location of multiple leakage points of actual water supply pipeline. Yan chengwen[5] 
et al. established a physical model of gas pipeline leakage, studied the corresponding acoustic 
generation mechanism, analyzed the characteristics of the leakage source under different leakage 
calibers and pressures and compared them with the experimental results. 

It can be seen from the above study that the current research on the sound source of pipeline leakage 
focuses on the sound source of gas medium pipeline, and the research on the sound source 
characteristics of water supply pipeline leakage is less involved, which restricts the development of 
water supply pipeline leakage detection technology. In order to study the sound source characteristics 
of water supply pipeline leakage, firstly, theoretically study the mechanism of water supply pipeline 
leakage sound generation, and simulate the flow field and sound field of water supply pipeline during 
leakage. The study provides a theoretical basis for the further development of water pipeline leak 
detection technology. 

2. Theoretical Analysis 

Pipeline leakage acoustics belongs to the category of flow noise generation and differs from classical 
acoustics in that it considers the effects of fluid interactions and fluid-solid interactions. The pioneer 
in the field, Lighthill, started from the most fundamental fluid equations of motion, the Navier-Stokes 
equations (N-S equations): 

 

i ij
j i

j i j

ep

y y y

  


    
         

 

 

Further derivation yields the Lighthill equation[6]: 
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After Lighthill, the theory was extended to apply to the case of the presence of stationary solids. 
Williams and Hawkins considered the existence of moving objects and proposed the FW-H 
equation[7]: 
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The left side of the above equation is the form of the classical acoustic fluctuation equation, the right 
side of the source term is divided into three parts: the first term for the monopole source term, is 
caused by the distribution of fluid displacement generated by the rupture of the pipe wall, the value 
is small and can be ignored; the second term for the dipole source term, is caused by the interaction 
between the fluid and the pipe wall and the wall of the leak hole; the third term for the quadrupole 
source term, is caused by the turbulence when the fluid is ejected from the leak hole, because the 
turbulence between the fluid ejected from the water supply pipe and the air is not large, can also be 
ignored; here only consider the dipole source term. 
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3. Numerical Simulation  

3.1 Model Meshing 

Fluent software is a simulation software based on finite element method and realizes the real physical 
phenomenon by solving partial differential equation. The maximum cell size of the grid division is 
0.02m, the minimum grid mass is 0.002m, and the grid is encrypted at the leakage hole to ensure the 
independence of the grid, and the number of grids used for calculation is 80,000. Using acoustic finite 
element method, in order to ensure the accuracy of the calculation results, 6 cells in a wavelength are 
required. Assume that the sound speed in water at room temperature and pressure is: 1450m/s, and 
the highest frequency fmax calculated by the flow field transient is known, the maximum grid cell of 
acoustic finite element mesh is L≤c/6fmax, here the acoustic grid size is selected as 0.01m, and the 
acoustic finite element mesh is imported into Virtual.Lab for grid checking, and the highest calculated 
frequency meets the requirements.   

 

 
Fig .1 Division of local grid 

3.2 Flow Field Simulation 

When the pressure in the pipeline is 0.4MPa and the water temperature is 20 ℃, the pressure cloud 
chart and velocity cloud chart of the pipeline near the 5mm circular leakage aperture are shown in the 
following figure. 

 

        
Fig .2 Cloud chart of pressure                         Fig .3 Cloud chart of velocity 

 

(1) Due to the pressure difference between the inside and outside of the pipe, the fluid near the leakage 
hole spurts out through the leakage hole, and a negative pressure zone appears at the leakage hole in 
the opposite direction of the fluid flow. At this time, the turbulence of the jet and the friction between 
the fluid at the leakage hole and the pipe wall produce sound waves. 
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(2) When the pipeline leaks, the flow field at the leakage hole forms an asymmetric sector structure. 
From the velocity cloud diagram, it can be seen that the velocity at the leakage hole increases rapidly 
from 4m/s to 28m/s, and a velocity reflux zone is generated near the leakage hole. This phenomenon 
intensifies the turbulence and pipe wall friction, thus increasing the noise amplitude. 

4. Sound Field Simulation Results 

4.1 Different Pressure in the Pipe 

The water medium is in the pipe, and the leakage aperture of the pipe is 7mm. When the simulated 
pressure in the pipe is 0.1MPa, 0.2MPa, 0.3MPa, 0.4MPa, the sound source spectrum characteristics 
of the leakage infrasound wave are shown in Figure 4. It can be seen from figure 4 that the greater 
the pressure in the pipe, the more obvious the amplitude of the leakage infrasonic signal, and the 
greater the signal sound pressure value at the same frequency. The leakage infrasonic signal is mainly 
concentrated in the frequency band of 0-10Hz. 

 

 
Fig. 4 Sound pressure value under different pressures 

4.2 Different Leakage Aperture 

The water medium is in the pipe, and the pressure in the pipe is 0.4MPa. When the simulated pipe 
leakage aperture is 1mm, 3mm, 5mm, 7mm, the sound source spectrum characteristics of the leakage 
infrasound wave are shown in Figure 5. It can be seen from figure 5 that the larger the leakage aperture 
of the pipeline, the more obvious the amplitude of the leakage infrasonic signal, and the greater the 
signal sound pressure value at the same frequency. The leakage infrasonic signal is mainly 
concentrated in the frequency band of 0-10Hz. 

 

 
Fig. 5 Sound pressure value under different leakage aperture 
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4.3 Different Flow Speeds 

The water medium is in the pipe, the leakage aperture of the pipe is 5mm, and the pressure in the pipe 
is 0.4MPa. When the initial flow velocity of the fluid in the pipe is 4-15m/s, the spectral characteristics 
of the sound source of the leakage infrasound wave are simulated, and the simulation results are 
shown in Figure 6. It can be seen from figure 6 that the greater the initial flow velocity of the fluid in 
the pipe, the more obvious the amplitude of the leakage infrasonic signal, and the greater the signal 
sound pressure value at the same frequency. The leakage infrasonic signal is mainly concentrated in 
the frequency band of 0-10Hz. 

 

 
Fig. 6 Sound pressure value under different flow speed 

5. Conclusion 

Based on the theoretical analysis, the leakage model of water medium pipeline is established, and the 
sound source of water medium pipeline leakage is simulated. The following conclusions are obtained: 

1) The sound source in the leakage of water medium pipeline is mainly the turbulence of the jet at the 
leakage hole and the sound wave generated by the friction between the fluid at the leakage hole and 
the pipe wall. 

2) The main acoustic energy of leakage sound wave is concentrated in the infrasonic frequency band 
of 0-10Hz. 

3) The acoustic pressure value of pipeline leakage increases with the increase of the initial pressure 
in the pipeline, with the increase of the leakage aperture in the pipeline, and with the increase of the 
initial velocity of fluid flow in the pipeline. 
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