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Characterization of temperature field of thermal pipeline with small leakage

Huang Dongdong , Li Suzhen, Zhao Bingyu
(College of Civil Engineering, Tongji University. Shanghai 200092, P. R. China)

Abstract; Early warning of leakage, especially small leakage, is significant for safety maintenance of thermal
pipeline. Due to spatial resolution, the measuring accuracy of distributed fiber optic sensor for local
temperature variation caused by small leakage is low and the measurements are quite different from the
actual temperature field. Based on Brillouin optical time domain reflectometer (BOTDR), a new method to
establish a mapping relationship between the BOTDR measurements and the actual temperatures is
proposed. Laboratory experiments were carried out to simulate small leakage and achieve the measurements
of gradient temperature fields. Feature extraction of the measured data is then conducted through Gaussian
fitting. With artificial neural network (ANN), a mapping model of the actual and measured temperature
features is established. The results demonstrate that: the designed experiment can accumulate enough prior
data to derive an ANN model, based on which a mapping relation of the actual temperature field and the
BOTDR measurements can be achieved to improve the measuring accuracy of BOTDR and provide a
reference to propose warning strategy.
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Table 1 Experimental conditions
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Table 2 Calibration of optical fiber temperature coefficient

RET/C Hb % oy /MHz
40 10 723
45 10 727
50 10 732
55 10 737
60 10 742
65 10 748
70 10 753
75 10 758
80 10 762
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Fig. 5 Gauss fitting of temperature distribution
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Table 3 Parameters of Gauss fitting

x/m y/m Ah/C a c?

0. 50 2.50 10. 00 9.05 0.78
0. 50 2.50 15. 00 12. 66 0. 82
0. 50 2.50 20. 00 18.63 0. 87
0. 50 2.50 25.00 22.14 1. 00
0. 50 2.50 30. 00 26.79 1.08
0. 50 2.50 35.00 30. 49 1.02
0. 50 2.50 40. 00 34. 66 1.07
0. 50 2.50 45.00 37.97 1.11
0. 50 2.50 50. 00 42.11 1. 07

4 HIEST

HETCSA T 2 Fhik B Rk S50, F i R
LIRS — 4y Hr . FEBE AT i RR L BESE N Y
R AR A A PR WO 2 H S B i B 3 A T A
R E Y 3 A, 7E S5 B i 87U I A AR o, 2
BOTDR Z4¢ W5 I 3] — > 6 B2 I FE 35 75 5 iy )t 4
W7 S BR e  O. BT DAL TSN R G BN E
SIS B i B 3 2 BRI L 3 2 B0 IE 1) 3R G F
000 55 3 B 3 2 BAOK S8 BB 9 2 800 B el &
i, IE I RS A S5 BR300
SRS SR R R G A I R SR
i AL BR R EE A SR SR N T 4 0 45 2 Re A
PP S
4.1 ATHZM%

T8 o 24 2 D) TR R T B R 40 i o



% 2 M

T AL F A E DR R L AR AT AT R 101

LIS S SR IEM RS . I AN T Z&oon]
DAAE) B 2% A (7] 4 245 46 11 1t 22 090 2%, et 2R
25 I 245 1) — AL R B

K 5 22 1) % #E 5 1 (BP: Error Back-
propagation Algorithm) #) £ JZ {j & A L # & K
g CE Bk £ )2 & A A%, MLP: Multi-Layer
Perceptron) fR 5 BP i & W 2%, BP & W42 H
HIF b 28 0 2 v o ] e ) B S A

BP i 25 X 28 38 % A Z B 2 R 2 4l
T o AR R A B R B A T B ) ZE R
HE 2T A B M B ) e 4R B )2 T
FUNBCH BB B B AR o 1 S A R
TEARG R A4 R . R4 Kolmogorov & H, A
A-1TREE@REETALEZ)N 3 Z BP &
W 28 RETE P 2 b DAAT 200 32 i 3 AT 2 AR 2 1k 3% 2 oK
. WA e 6 s,

E6 3FBPH#HZEME
Fig. 6 Three-layer BP neural network

BRAZRA T D AES s —aAfE
SRR REEA T A&, KL~ 4ot
M FRoRs ik EA P g, Kt —f 4o
pFER. MARSRBEENN w, 7. BEES
2 AU w, KR, PAEITTIE AN u 2R,
BWhitm A v #m., u flo W EARRRZE, ThRE
RIZFR A LI W o] BFREBEEH A
et . BINGRAEARSE S X=X, Xo .. X "
XWAE— MR X, = [aaz0.xp ]’y TLBR
BN Y, = Lyasyesye ] MIBE SN D, =
Ldn sdypseeeadp 1" 0 BE R R EARYUE AR N 52 B
& kYRR,

W 2 A A GRREAR X, 280t 1F 1) % 3 2 A nT 15

I
u] — E W -
J A ni
i=1

I
ol = f) = f( 2w
i—1
j - 172""9.] (5>

p=1.2,.P (6)
— D EEAR B IR 2Z 1 E R
P
E, (k) = %2 [d, () — v, (T (D
=1
A REAR B Bk 2E R

N
E(k) = DJE, (k) =
n=1

1 N P
?22 (d,, (k) — v, (BT (8)

D w, MEIE. BP 5k P AUE R B IE i 5 iR
2 X AR F) i Bk 23 B2 LE 31 B

IE(k)
B,y (B) == g5 20 =

B iaE,,(/e) Iy () duf
T 9y, (> ol dw, (k)

ﬁi&i(k)vf(k) (9
=
_ IE, (k) 2y, (k) _
Iy () dub
[y (B — ., (R) 7@ () (10)
w;, (k+1) = w;, (k) + Aw,, (k) (1)
2) wy; BWEIE. KA 44

IE(k)
Aw,; (k) =— 773"(2,‘,-/- (k) —

oL (k) =

N P
B IE, (k) 9y, (b) _dw)
’722 Iy, (B)  dul  dw, (k) N

n=1 p=1
7726'}(/2)1"7,{ (12)
n=1
8l (k) =
,
Sy (B) = 3, G g ey, £/ (ud)  (13)
p=1

w, (B +1) = w, (&) + Aw, (k) (14)

I DA E AR BP B 4% 58 i — UK E ] 15 1
5 R PR A R ROy — ke ) B — ks . BP
VLT E A 2R ST AR A 2 ) R 25 0 S B T
VORGP, 45 110 2 > i Ta] |32 AR R BRI o 2855
FPIRERE R i BP M2 M % fe &2
SR



102 + REFHR YL KB LE

% 38 %

4.2 REES
X S B i RE T R R A 1] R 48 A
SLLBP IR SRR R 41T P oy 5 KRR i
AZ RS i JE e & oo N RO FEAR R £
PR ERUNGRIR AL logsig S 7% i iR 41, purelin
h 2 A% i R KO
®4 EMRFSHRE

Table 4 Parameter settings of the forward system
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TableS Verification result of the forward system

2
a e

x/m y/m AR/ C

A BP Eieey BP

0.0 2.0 40.0 25. 64 25.62 0. 81 0.79
0.5 2.5 30.0 26.79 26.71 1.08 1. 06
0.0 1.0 35.0 14. 34 14. 32 0.75 0.76
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Table6 Parameter settings of the reverse system
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Table7 Verification result of the reverse system

A/ Ah'/
C C

z/m  z'/m  y/m 3y /m

28.34 0.81 0.0 0.02 2.0 2.05 45.0  44.97
30.49 1.02 0.5 0. 48 2.5 2.45 35.0  34.99
10.64 1.01 0.0 0. 00 1.0 1. 00 30.0  29.98

28.60 0.85 0.5 0. 48 1.5 1.48 35.0  35.03

BN S 58 U - B BOTDR 45 44 7 4% 18 it
U o7 B B 0 19 3 A o BRIV RT AR SE H S B it JBE 3 A

AR 0 7 15 A 0 T A
5 &

HR 4 #8748 38 /N e 51 S 1) S5 B il B 3 78 Ak A
AIE s AR SCBE T I 58 BT T U 4SS 400 S 56 3 o RS A 4 o
AR ORI SE e B dls . R BP pi g W 2%
NHEBMERGE, @ T/ANEEEESELT
BOTDR il & i B 5 52 By il B8 0 % 56 &, 3R
B I T BB SR AR B S BRI T B %, R
WU .

1) 5255 v BOTDR {045 i 2 0 {F 1) e {8 /)N F 52
B I WAL, — 1 T 3 2 5 0 45 0 (i B S8/ F B O 1R
JE 3 M0 A5 0 A . FL 6 T Tk B 3 52 36 500 W - B B

2) /N 5 | S A 32 IR R 37 6 21 A 5 v
M2 AT G 8 hF . AT R v S 40045 R AT 2 B A5 3
A0 S I B S R L 43 ) B I B S 1 i (R BE B

3)VARSCHEST W) ANN A7 28 328 S 560 5040 56 UE
JE R4, B fr BOTDR I & i 3 v] 15 31 B0 8 1
PRI s R ZIRR .

SEHK:

L1020, EBRR, B W, 55, Ot 2F 4% 8 R HC A 487 3 i ) o
N AR Bk L) ] A4 T, 2014(1) :54-57,
LI M,WANG X L,LYU G F,et al. Development and
application of optical fiber sensing technology in
pipeline monitoring [ J ]. Contemporary Chemical
Industry,2014(1) :54-57. (in Chinese)

L2 ] WP, DE a5 U, X g, 4 38 1t O A DU 50 R AR B Je 2
L], KB 2 B = 4 . 2006 (2) : 76-79.
YUAN C Q, PANG X F, LIU Y. Status quo and
prospect of pipeline leakage detection and location [J].
Journal of Daqing Petroleum Institute, 2006 (2) :76-79.
(in Chinese)

[ 30 SCBkmE. T ol 0 5 1 43 A O 25 iR A% & [T .
S H AR L 1993(2):96-98.
GUAN T L. A distributed optical fiber temperature
sensor for industrial environment [ J ]. Optical
Communication Technology, 1993 (2).: 96-98. (in
Chinese)

C4 ] SAEEE, TR ORAR . B AR5 55 A B IR O 19 20 A sO6 £7
IR AL IS W W S0 E SR [T ] Mot 2% 3K, 2011, 32(6)
1-3.
HU J H,ZHANG D W, TAO C X, et al. Research and

development of distributed optic fiber sensors based on



FALF RN TEADRBED AR TR 103

Brillouin scattering [ J]. Laser Journal, 2011,32(6):1-
3. (in Chinese)

[ 5 BRZETF P R AR S8R IL . 45 4 4 0 20 &F B A% I 2%
WFoE Ak J SO [T, 15 8 R ,2001,20(2) : 4-8.
GENG J P, XU J D, GUO C N. Development and trend
of fully distributed fiber optic sensor for distributed
temperature measurement [ J]. Journal of Transducer
Technology.2001,20(2) :4-8. (in Chinese)

[ 61 B, sk P ik, 7 5K 43 7 =0 4% Ry 25 1) 43 B R

Bk J7 4 LI ] Wi R 7 2 4l CT % RO 5 2013 (7)
1232-1237,1245.
CUI H L.ZHANG D, SHI B. Spatial resolution and its
calibration method for Brillouin scattering based
distributed sensors [ J]. Journal of Zhejiang University:
Engineering Science, 2013 (7). 1232-1237, 1245. (in
Chinese)

[7]1BAO X Y, CHEN L. Recent progress in Brillouin
scattering based fiber sensors [J]. Sensors, 2011,11:
4152-4187.

[8] PARKER T R, FARHADIROUSHAN M,
HANDEREK V A, et al. A fully distributed
simultaneous strain and temperature sensor using
spontaneous Brillouin backscatter [ J]. IEEE Photonics
Technology Letters, 1997, 9(7): 979-981.

L9 1 X224 fd . 2 i B 40 A 2O 25 R BE A% Ik 4% R 4 20 9F
R E I IS AT LT ], OB TR . 1996(7) :635-639.
LIU Y, ZOU J, HUANG S L. Theoretic analysis for
determining the resolutions of distributed optical fiber

temperature sensing system [ J]. ACTA Photonica

Sinica,1996(7) :635-639. (in Chinese)

[10] ZHANG D. XU H. SHI B, et al. Brillouin power
spectrum analysis for partially uniformly strained
optical fiber [J]. Optics & Lasers in Engineering,
2009, 47(9):976-981.

[11] ROMEO B, ALDO M, LUIGI Z. Reconstruction
technique for stimulated Brillouin scattering distributed
fiber-optic sensors [ J]. Optical Engineering, 2002, 41
(9):2186-2194.

[12] ROMEO B, ALDO M, LUIGI Z.

Accuracy

enhancement in Brillouin distributed fiber-optic
temperature sensors using signal processing techniques
[J]. IEEE Photonics Technology Letters, 2004, 16
(4).1143-1145.

[13] ZHANG Y J, LIU W Z, FU X H, et al. The high
precision analysis research of multichannel BOTDR
scattering spectral information based on the TTDF and
CNS algorithm [ ] .
Analysis, 2015, 35(7):1802-1807.

[14] WANG F. ZHAN W W, ZHANG X P, et al

Spectroscopy and Spectral

Improvement of spatial resolution for BOTDR by
iterative subdivision method [J]. Journal of Lightwave
Technology, 2013, 31(23):3663-3667.

[15] HAYKIN S, 28 1 45 J5 # M. b 5%« HLAR il i
#£,2004:109-176.
HAYKIN S. Neural networks [ M]. Beijing: China
Machine Press, 2004:109-176. (in Chinese)

(% | %)





