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Propagating characteristics of acoustic leakage signal in natural
gas pipeline and establishment of prediction model
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Abstract; The acoustic signals collected from natural gas pipeline leak detection inevitably attenuate as they propagate in the
pipeline, and the propagation distance of acoustic signals must be calculated before installing acoustic sensors. With regard to
the viscous absorption, heat conduction of medium and the absorption of the special pipe fittings ( elbows, branch and adjust-
able tube) , the propagation model of acoustic signals was established. The characteristics of acoustic leakage signals in time-
frequency domain were analyzed by the improved waveform analysis method. The effects of different special fittings on sound
wave propagation were simulated, and the acoustic propagation model was verified by a high pressure leakage test device.
The results show that the acoustic leakage signals in the gas pipeline propagates in the form of plane wave, and the energy of
acoustic leakage signals is concentrated in the 0-0.366 Hz and 2.93-46. 88 Hz. The straight pipe and elbows have little
effect on the propagation of acoustic signals, while branches and adjustable tube have great impact on the propagation. The a-
coustic absorption coefficient fitted by experimental data agrees well with that calculated by the propagation model, which
proves the accuracy of the propagation model. The accuracy of the acoustic leakage detection is improved.

Key words: natural gas pipeline; acoustic leakage signal; propagation model; acoustic simulation; absorption coefficient

SRR, TR S AR
(ST AR 9 7 2 33— B 5 A A
S A AT S B 1T 8, T G
MR T SRR LR R AR
R — 25 1, B A 5B 0

rFE B H8.2012-09-28

Muggleton 25 41 X6F 75 V8 15 5 38 Hh i3 5 | A2 1) 75
FIR B AL REAT AT 20 B, 5 R A T S
R IRE A RGAIIHCEN P, Kim 25 ]
SR A5 A AT e vk S Foe iR B TAS T &R
GE 107 I A AT R Matjaz Prek 7! 42 H T A A5

E&WE : BHEARFERESTH (51104175;51074175) 5 iR A EEA R 45 2% L 351 (11CX06075A)
TEE-N . TAMEC1973-) , L, BIHUZ 1 BF5E 18] 0 R AR i A, E—mail ; chuyunlew@ 163. com,,



%3745 %2

A AT R RS 5 R A TR A A - 125 -

S M RE SR SRR N DR Y 5 1, XA
HAERIE T A 5 T TR R R
A 2 BCRHE 2R A5 3] 13O Y
SEAA AU T Al e i 5 R ) 3 A 5 14 7k
FEPE R BN A TR 2, 9 B A5 IR A A Jo
A T R SCRI B 5 S A RN B4 00 S e 42
TR SR 1 F PR BHGEFIE
B A ] A S P B BRAE P 1 I A
ST S IR OR AR i 4 3 s 5 9042 4 e 4 A
DA IEY A5 3 U AR A A A B P A A R LA

1 &= A

X — B ) P 5 A TG S 2% 8] v A SR sk T, T
B PR BRI T A2 48 RE R A Y A T R R Y S I
WEARAG T B 487 PN - T U0 7 4 L AR R A8 N T
Ph—4E 1 il A A A4 T B A8 TP - T
AR R

f,(,:kmz%: 184 (1)

TEE N R IR B AL 4 H AT AR i T T A )
1) T 1 B 3 AR v R R R KR T R AR 43
(0 ~100 Hz) , 5 (1) A5, X FLPREL, SR
KH 1219 mm B SENTF 1634 He F 5P 7e S
WAL — 45T T, BRI SE PR I KRS
B, AT LA HAL R Ay — 4P e X
1.1 NRFHFREARESIEROR I

BRI EH L VR X R AT
PRI ST SR A vl A5 205 0 A SRR e sh oy fe '

Co

2 lazp 2
Vip-5 S R=bV (V) (2)
c, 0t
sy @y b oo
¢ V7V 5V= poalv V.

Hrp

[frorall)]
3 ¢y ¢,
v VIR B DR P i S & | PR ot s
B, Pa - sy x APEFREL W/ (m - K) 5¢, HFTH
SERIRAES k) (kg + K) se, R Bt E IR k)/ (kg
K)o
BELJE A T 7 75 AL 1 5 A

p:poe—axej(w[—kox) , (3)
Horp

w=27f, ky=w/c,.
2, o IS 1 BHL 2 MR A AR K, S AR e i B

PR PG 1 — B p, WA U kg/m’
o HFABE f PR Ha ¢ PR3, m/
ssv NPT IALHRIEY  ms k, S JCRIE I AR

X (3) REELMEREEIE N o, AWFRN o 1 1E
x J5 T AR 75 I, HARBR N poe™ o

I, T TE AL R 1) R BRI N

p=poe . (4)
Hrp
! 2
a=a, +a, . +o L ne, @ -+
TN e 2p0 2pgc;
2
w 1 1
() (5)
2p,cy Cv G

K, r WER , m;cy MIERERE /s,
1.2 FE4SHE Gt R E R BN

M35 Dl AR I AL R 8 B — SRk S AR Y
PN ARAR 4y S el R e B bTdAs &
AL (AR W AR5 S A N TR R E A ik

HR IR T AR A B X A A 4 SRR
P AELERNT 35 WA AR A T4 Hr , R T ANSYS 2
ST SRR AR | O A B AL SR 7S T AR, R
S 28 1) 7 ¥k EA T R 43 (R IR 45 A8 SR DU AR, A
XI5 SR JE AR 2= 4 SYSNOISE mfiff 477+
AR PR AR U R

A TR R AR O R R R
I TS T it fin BEA7 388 38l , s 0o 4= Wi
RS, N2 R T WA . A& s Bk i3t
AR R

A S
L, =20lg | PPocti] g1 21 (6)

t SZ
A, p, o, A BN AT R A T R R
Pa;S, .S, 75 A& A D A O AR A, m®
u, WERALIRE, m - s7',p,.c, 570 R N
(2 (kg/m* ) FIE 3 (m/s)

B EE B oS AR g R, B
BHEREMENEN 10 mm, KN 10 m, KT H S
MPa; 2545 BC B N AR M 10 mm,90°75 3k | il 5 2E 4%
15 mm, K128 5 MPa; £ T BAENEN 10 mm,
BEERKH10 m, 0 LEEK 20 cm, N2 H 8 mm, JE /)
M5 MPa; ZBRE AL HE N 10 mm, K
10 cm, ZBRENAE2 em, B K 20 em, JE S0 5 MPa,

HH L 1T AT, (1) AN 25 T8 A ot b e v AL &
TEOLR R EA SRR T e A E
LR IR IEAR N 0, 5 T4 T M E A% 48 K
I AL, 5 R 3 B P 2R A i 54




- 126 -

T E G HKFFIR(ERAFR)

2013 54 A

B, B >, R R RN, i R
KR , % BB KAEREAE , A BRI RE R IR
g ABARATE I (0 ~ 100 Hz) A8 R F%
5 (2) B2y SO B I R R N H 3 3
BRESETH WK O 174 W55 0, 45 0 =4

400
300
=
5 200
& -
100 }-
0 i il
0 5000 10000 15000 20000 25000
H42 d/mm
(a) H®
0.55 .
0.45
& 0.35
5
W o 95]
¥
0.15}
0.05}
0 200 400 600 800 1000
B d/mm
(c) %%

51 ZUGE PR M 7 P AY A0 K B K T Dl i i
TR AR AR AR I B 7 A R Y 0
EDRREE AR i S A T RS R XA
ASARAE DL, AN RE 2 HSo ) | i B AR ST SR A
FERLRL I X A T B IE

0.00035 -

0.00025 |

0.00015

(32PN

0.00005 -

1000

0 200 400 600 800
H# d/um
(b) TBE
20 —
16
&
B 12}
B
# gl
4
O 3
0 200 400 600 800 1000
B d/mm
(d) &R

1 FRAFHEHRNTREBENE

Fig.1 Acoustic attentuation principle of different kinds of pipelines
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Fig.2 Sonic leak detection test unit of high

pressure gas pipeline
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Fig.4 Fitted curves of acoustic amplitude with distance changing in different subbands
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Fig.5 Absorption coefficient changing principle under different pressure in different subbands
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Fig.6 Attenuation principle of acoustic signal under different conditions
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