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Natural Gas Pipeline Leakage Detection and Location
System Based on Acoustic Wave Method
HAN Baokun, JIANG Xiangguang, LIU Xiyang, JI Yao, BAO Huaigian

(College of Mechanical and Electrical Engineering. Shandong University of
Science and Technology, Qingdao, Shandong 266590, China)

Abstract: Natural gas has gradually become the mainstream energy for its cleanness, safety and economy. However,
leakage accidents occur frequently due to human and natural factors. In order to improve the safety of natural gas
pipeline transportation, a new method of low-cost detection and location of natural gas pipeline leakage was explored
by using multi-software co-simulation and experimental research. The theory of dipole and quadrupole sound source
in aero acoustics was adopted in simulating sound source; wavelet transform theory was adopted in processing sig-
nals; and time delay localization method was adopted in detecting and locating leakage. An experimental platform
was built on the basis of simulation experiment and the proposed method was verified by combining simulation and
experiment. Results show that the multi-software sound source simulation method can reduce the number of experi-
ments and improve detection efficiency in capturing leakage sound source and researching pipeline safety issues, thus
providing theoretical and preliminary preparations for practical engineering application in the later stage.
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Fig. 1 Leakage location principle of acoustic wave method
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Fig. 2 Space division of wavelet analysis
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Fig. 3 Flow chart of wavelet denoising
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Fig. 6 Simulation signal collected by sensor
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Fig. 7 Block diagram of the rear panel for signal denoising
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Fig. 8 Location program rear panel
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Fig. 9 Schematic diagram of experiment system of pipeline leakage detection and location
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Fig. 10 Cross correlation analysis and detection and location rear panel
3.2 labVIEW 72 5k FORE | SR (590 | TN | Sems |
labVIEW F2 7 32 2 A~ B B 43 ) 2 Ei s R BTN ER SRR SRR
AR A5 T ML HOR DG A3 B 5 R E 6 B B L E Ao PSR Wiz 32

O S BUBE Bs E SR AT R R R . B B 4 EOA S )
e 55 K 7 A B, LS T AR AR AT 10 F s

LabVIEW £ & TR B A G IHR VI VI #an
TR AR . E AR R (5 R A VIt

ﬁﬁ%%{%%ﬂgﬁ*ﬁ'ﬁ%%J%ﬁ%éﬁﬁa%E@ﬁ%{ﬁ*% s
J i 4 AV B B

] B 11l RASTERNEELRZRSERET
3.3 BRI Fig. 11 Interface of gas pipeline

BRGIEFRENRAREERN 5 ENMRSE. W detection and location system
11 fi7s . X4 200 em . it s AL A7 T o 8] 50 (L, = 100 em)
P AT . A3 B B S R MRS AR S AT AR G B B S E AL . B IR 12 Ca) N AR DG i 46
TE 1 AR IR B 0 AE 8 W IR 15 5 2038 PR IS A B 8] 25 0 J2 29 1 AN EF ). H T 12Ch) a1, AR G il 2k



5 43 I AR BT R O B R AR AU IR AR T 5 E AL R TR « 109 -

TE 2.5 s bR B WA, s (5 5 1 B I o0 29 2. 5 ASE[a] A

R4 o A2 RO A 5 B2 o R A 8 e LR B R v AL IR A R . (RS R o = 1. 172 ms, L, =
80. 063 cm, ZEPH LKL R ¢, =2.233 ms,L, =62. 037 cm, YPyEIALE 5 525K 45 38 M I FL B 7 F v fa) . B
L, =100 cm, 22776 09 R R oy F 75 U5 07 5B AR Ak 30 B 2% 1 o DA B 4% Pk 22 1) 1) 3080 3 3 5 5 4, 3 3K
15 B 2 7 B 22 . T 2 PN S G A2 A SRR ARG B R B M S RN IR R L D e N R R IR 25 W R EE
PrE s th iR 25 . 3F— 2D AR A 05 B S A5 L BSCH D R0 S B A el D I 5 25 L i e R B

3500}
3000
2500

m 2000

21500}
1000 |

500}

-0 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 i 8 9 10
A (8] /ms

(D EFS

2500
2000 "
1500

@ [

= 1000 |

500

A (8] /ms
(D55

12 HXSHEEE

Fig. 12 Correlation analysis of signals
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