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Abstract 

Transmit speed of leak acoustic emission signal is a key factor for gas pipeline leak location. The paper using 

the elastic wave transmission equation to study sound transmission characteristics of gas pipeline wall, 

relationship between and the group velocity and phase velocity. The theoretical transmit speed is analyzed based 

on dispersion and attenuation characteristics analysis. The transmit speed of leak signal are measured in 

experiments, and the speed value for gas steel pipeline leak acoustic emission signal is mainly about from 

900m/s to 1200m/s. 
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1. Introduction 

Pipeline leakage introduces high-frequency sound waves, which transmit along the pipe wall 

with the form of elastic waves reflecting between the two surfaces of pipe, and the tube wall 

surface limitation leads to guided waves in pipe. This paper mainly studies the amplitude 

attenuation and frequency dispersion characteristics of leakage acoustic wave in transmission 

process, analyzing the relationship between phase velocity and group velocity, and doing 

experimental study to verify the theoretical analysis results. The liquid pipeline leak velocity 

is analyzed in experimental studies for two kinds of gas pipeline to get higher leak location 

accuracy. 

2. Theoretical analysis of wave transmission characteristics in pipeline  

2.1Group velocity and phase velocity of elastic wave 

The group velocity refers to the elastic wave velocity of energy propagation, which is about 

the family of the similar frequency waves; the phase velocity is at the fixed phase to the 

direction of propagation. Elastic waves propagate with group velocity[1].As shown in Fig.1, 

waveform A  is at a certain distance L, while waveform B is at L + ∆l. Comparison of two 

shows B moved forward by time t1, while the time difference of two points at same phase is 

t2. 

Group velocity and phase velocity can be simply expressed as: 

cg =
∆l

t2

,cp =
∆l

t1

 (1) 

The relationship between the group velocity and phase velocity for two harmonics with same 

amplitude but slightly different in frequency is 
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Fig.1 The relationship between group velocity and phase velocity 
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The group velocity is defined as 

dkdcg /ω=  (4) 

Where ω is circular frequency，k is wave number. The phase velocity is defined as 

kc p /ω=  (5) 

Different harmonic has different phase velocities cp, but the superposed wave group transmits 

with same transmission speed cg. Phase velocity and group velocity has the following 

relations 
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Where，f is guided wave frequency，d is waveguide thickness，fd is the frequency-thickness 

products. As for the plate, d is its thickness and for the circular tube, d is tube wall thickness. 

 

2.2Multi-modal and dispersion characteristics analysis of guided wave in pipe 

Dispersion refers to the phenomenon of speed change with frequency due to structure and 

geometric size. Dispersion phenomenon makes the elastic wave signal in initial position 

distorted with the transmission process. Guided waves in pipes are divided into three 

categories [2]: 

(1) Axially symmetric longitudinal mode L(0,m), m=1,2,3,… 



(2) Axially symmetric torsional mode T(0,m), m=1,2,3,… 

(3) Non axially symmetric bending mode F(n,m), n=1,2,3,…; m=1,2,3,… 

Above, m is mode in the above modal, reflecting the vibration shape of modal in the 

thickness direction; n represents circumferential order number, reflecting the spiral 

transmission form of modal around pipe wall. When the wall is thinner, and the diameter is 

larger, the L (0, m) modes correspond to plate or Lamb waves; and T (0, m) modes can 

correspond to the plate SH wave [3]. Three modes of peripheral vibration diagrams [4]are 

shown in Fig. 2. 

From Fig.2, for L mode (n=0), the vibration of pipeline particle in the circumferential 

direction is perpendicular to the tube wall thickness direction, symmetric particle motion; 

vibration direction of T mode guided wave is always along the tube of the tangential 

direction; for the F mode, when n=1, particle vibration direction is along a single radial. 

Guided wave of F(1, m) mode is a non-axis-symmetric in relation to circumferential angle 

with three direction displacement components. According to pipeline leakage point of pipe 

wall stress, we may consider that pipeline leakage acoustic vibration mode for F (1, m) mode. 

Take steel pipe for leak simulation experiment, diameter D is 50mm, wall thickness is 3mm; 

density p is 7800 kg/m
3
, E is 206 GPa as the Young's elastic modulus; Poisson's ratio is 

0.3;using the dispersion curve equation and the group velocity formula we can obtained the 

relationship of group velocity and frequency. In this paper, frequencies below 25 kHz are 

analyzed, as shown in Fig.3. 

 

Fig.2 Peripheral vibration modal sketch map 

 

Pipeline leakage acoustic vibration mode is mainly F(1, m) modes. For the mentioned test 

pipeline, leakage acoustic wave group velocity is about 500-2500m/sin the F(1, 1) mode 

within the spectrum of1-25 kHz. 

 

2.3Elastic wave attenuation in pipeline 

For elastic wave propagation in pipes with the increase of propagation distance, the energy 

and the amplitude of vibration reduce gradually. It is the attenuation phenomenon, and 

mainly contains dispersion, scattering and absorption. 



Scattering attenuation is composed of elastic wave propagation in non-uniform medium; in 

fact, gas pipeline is non-uniform. Scattering attenuation is one of the most important factors, 

as a large number of experiments showed that scattering attenuation has exponential law [5]. 

Elastic wave propagation in metal pipe, internal friction occurs within materials, and a part of 

the wave energy changes into heat, causing the absorption [6].The absorption attenuation also 

has exponential trend. 

 

 

Fig.3 Dispersion curve of test pipeline group velocity 

3Experimental on gas pipeline leak signal propagation characteristics 

3.1Gas pipeline leak signalwaveform characteristics  

Using the leak acoustic emission signal as sound sources, the simulation experiments are 

carried out on three-dimensional suspended pipeline. The signal acquisition instruments are 

installed at 1 m, 10 m and 30 m distance from the sound source. Leak acoustic emission 

signals in time domain collected at different positions are shown in Fig.4. As can be seen 

from the graph, the curve of acoustic emission signal at1 m distance from the leak hole has 

more peaks. At 10-m distance from the leak hole, the signal has less peaks, while at 30-m 

distance from the leak hole, almost no obvious peaks are visible. This shows that leak signal 

frequency dispersion happens in the propagation, with amplitude of high frequency signals 

reducing and the proportion of the low frequency signal energy increasing. 

 

3.2 Gas pipeline leak signal attenuation characteristics 

The leak signals are examined for energy attenuation characteristics in time domain and 

frequency domain.Fig.5 (a), (b) and (c) respectively show the leak acoustic signal waveform 

in time domain and frequency domain at 1m、5m and 10m distance from the leak hole. The 

F（（（（1,2）））） 



acoustic emission signal energy attenuation curves from different distances are shown in 

Fig.6.The amplitude of acoustic signal at 10m distance is about 1/15 that at 1m distance, 

while the root mean square(RMS) is about 1/20 over the same distance. Signal energy trends 

from different position in figure 6 shows that energy attenuation is faster at small propagation 

distance, closer to leak source. 

 

 

Fig.4 Leak acoustic emission signal waveform from different collection position 

 

 

Fig. 5(a) Leak acoustic emission signal waveform in time and frequency domain  

at 1m 



 

Fig. 5(b) Leak acoustic emission signal waveform in time and frequency domain 

at 5m 

 

Fig.5(c) Leak acoustic emission signal waveform in time and frequency domain  

at 10m 

 

 



 

Fig.6 Leak acoustic emission signal energy attenuation curve in different distances 

(Note: RMS- Root Mean Square; PPV-Peak to peak value; MV-Mean value.) 

4. Pipeline leak signal propagation velocity 

4.1 Experience value analysis of leak acoustic signal propagation velocity 

Universal pipeline leak detection instrument Leakfinder RT is suitable for leak positioning on 

cast iron pipes, steel pipes and PVC pipes. The inner liquid pipeline leak acoustic signal 

propagation velocities in Leakfinder RT are shown in Table 1. 

 

Table 1 Pipeline leak signal propagation velocities(m/s) 

 

Diameter/mm Cast Iron Pipe Steel Pipe PVC Pipe 

50  1326 546 

76  1287 509 

108 1318 1248 486 

135 1300 1219 475 

159 1286 1197 468 

183 1273 1177 462 

219 1256 1150 456 

246 1245 1133 453 

273 1235 1117 450 

325 1218 1091 446 

426 1192 1051 441 

519 1173 1023 438 

718 1145 981 434 

1016 1118 942  

1219 1016 924  



From the above table, among the normal pipe diameter range, the velocity on steel pipeline is 

about 900-1330m/s, and that of cast iron pipeline is about 1000-1320m/s, while that of PVC 

pipeline is about 430-550m/s. The velocity becomes smaller as the diameter increases. 

 

4.2Leak acoustic emission signal propagationexperiment 

(1) Experiment on CSEI test pipe 

Leak simulation test is made on the China Special Equipment Inspection and Research 

Institute (CSEI) test pipeline to get propagation velocity. Data collecting and analysis system 

is Gas Pipeline Leak Detecting and Locating System, developed by CSEI. It contains data 

collecting module, sensors, GPS Antenna, computer and data collecting and Analysis 

software, which is shown as Fig.7. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.7 Gas Pipeline Leak Detecting and Locating System 

 

The test pipeline length is 34m, diameter is 219mm, and pipe wall is 6mm.The pipeline test 

point layout and testing picture is shown as Fig.8 (a)and (b). One sensor is fixed on R1 point, 

the distance from R1 point to leak point A is 10m, and another sensor is placed on R2 point. 

The distance from R2 point to leak point A was varied between 1 and 19m. Test results are 

shown in Table 2. 

 

Fig.8 (a) Pipeline test point arrangement 

8.2m Φ159 

1.3m 

34m Φ219mm 

Sensor R1 

Sensor R2 

Leak Point  

A Point 10m 



 

Fig.8 (b)Testing picture 

 

Table 2 Leak acoustic signal propagation velocity on CSEI test pipeline 

 

Serial 

number 

distance 

between R2 

and A (m) 

Leakage points and 

the R1 and R2 pitch 

difference（m） 

Leak 

acoustic 

speed 1 

(m/s) 

Leak 

acoustic 

speed 2 

(m/s) 

Leak 

acoustic 

speed 3 

(m/s) 

Leak 

acoustic 

speed 4 

(m/s) 

1 1 9 988.5 1024.7 1024.7 1035.6 

2 3 7 1021.2 1021.2 999.6 999.6 

3 5 5 1006.5 1006.5 1019.7 1019.7 

4 7 3 1071.4 937.5 1013.7 1022.6 

5 9 1 1063.2 1011.2 1011.2 978.4 

6 11 -1 1025.4 1025.4 1025.4 1025.4 

7 13 -3 1000 1001.6 975.7 975.7 

8 15 -5 1034.5 1005.6 1005.6 1005.6 

9 17 -7 998.6 1021.9 998.6 1021.9 

10 19 -9 1011.3 1045.6 959.8 959.8 

 

According to the 40 tests of leak acoustic signal propagation velocity, given in table 2, the 

mean velocity on this pipeline is 1010m / s. 

 

(2) Experiment on CUP test pipe 

Leak simulation test on the China University of Petroleum (CUP)test pipeline was done to get 

propagation velocity. The test pipeline length is 160m, diameter is 50mm, and pipe wall is 



3mm.The pipeline test point layout is shown as Fig.9. The distance between A point and B 

point is 15m. One sensor is placed on R1 point, the distance from R1 point to leak point A is 

3m, and another sensor is placed on variable R2 point. Test results are as shown in Table 3.  

 

 
Fig.9Pipeline test point layout 

 

Table 3 Leak acoustic emission signal propagation speed on CUP test pipeline 

 

Serial 

number 

distance 

between R2 

and A (m) 

Leakage points and 

the R1 and R2 pitch 

difference（m） 

Leak 

acoustic 

speed 1 

(m/s) 

Leak 

acoustic 

speed 2 

(m/s) 

Leak 

acoustic 

speed 3 

(m/s) 

Leak 

acoustic 

speed 4 

(m/s) 

1 4 -1 1052.4 1052.4 1052.4 1052.4 

2 5 -2 1037.5 1037.5 1037.5 1037.5 

3 6 -3 1052.4 1052.4 1052.4 1052.4 

4 7 -4 1052.6 1052.6 1052.6 1052.6 

5 9 -6 1120.4 1120.4 1120.4 1120.4 

6 11 -8 1159.4 975.6 975.6 1159.4 

7 13 -10 1052.6 1052.6 1052.6 1052.6 

8 15 -12 1132.1 1132.1 1132.1 1132.1 

 

According to the 32tests of propagation velocity in table 3, the mean velocity on this test 

pipeline is 1071m / s. 

5. Conclusions 

From the above study, the leak acoustic wave propagates in pipeline as guided wave with 

group velocity. Pipeline leak acoustic vibration modal is mainly F(1, m) mode. Leak signal 

frequency dispersion and energy attenuation happens in the propagation, with amplitude of 

high frequency signals reducing and the proportion of the low frequency signal energy 

increasing, and energy attenuation is different along with the propagation though with same 

propagation distance, the closer to leak source, the energy decays faster. The transmit 



velocity of leak signal are measured in two typical experimental pipes showing the gas steel 

pipeline leak acoustic emission signal transmit velocity value is about 900m/s to 1200m/s. 
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