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Experimental study on flaw detection of buried heat
pipeline based by infrared thermal

Zhang Yanbo'*, Ren Ruifeng'?, Liang Peng'?, Yao Xulong'?, Wang Shuai'"

(1. School of Mining Engineering, North China University of Science and Technology, Tangshan 063009, China;
2. Hebei Provincial Key Lab of Mine Development and Safety Technology, Tangshan 063009, China)

Abstract: The defect monitoring, leak identification and location of buried thermal pipeline are studied in this article. According to the
similarity principle, the leakage test platform is established. The infrared thermal imager equipment is used to obverse the surface above
the buried pipeline under three different working conditions. The variation characteristics of temperature distribution of infrared thermal
image , maximum difference radiation temperature and difference of the surface above the heated pipeline are analyzed. Results show that
the infrared thermal image appears high temperature area, temperature gradient area and natural temperature region around the leakage
when the pipeline leaks. The maximum temperature point in the high temperature zone usually corresponds to the location of the leakage
point. The temperature gradient area represents the scope of the spill. In addition, the maximum radiation temperature raises fast when
the pipeline leaks. The rate is 2 times and 4 times of damaged insulation layer and non-damaged pipeline, respectively. The temperature
distribution histogram is changed from normal distribution to positive skew distribution. According to the pixels of the thermal image, the
proposed method can calculate the actual area of the affected area of buried pipeline leakage. According to the coordinates of the
maximum temperature point, the location of the leakage point can realize pipeline leakage impact assessment and accurate leak location.

Keywords : heat distribution pipeline; leakage detection; infrared thermal; picture processing; quantitative analysis
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Fig. 1 Simplified conceptual model of pipeline

leakage heat transfer
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Fig.2  Experimental model
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Fig.3 Diagram of different working conditions

KR NIEAT AL MG . AESCRAGN
Hh FALT MG 2232 3 22 D ZR AR , ANAE N PBERE R
SRS SRR A Mt A5 [R5 R A M ARl S
WA RS AR AT — € BT ek, AEASI
SRR SRS A S, A PR AMS I — B AR 1) 8 f=
B AR BH R S HR I T8 N RHGEEA T

4 REERDH

4.1 OSMRRERERSIER

LT ANARASCR AU 3 Ut B2 0 fe T 5 )t B 00
B —, BEAR MG R4 ) m] WL A 4 1T A R0 A 5 6L
RZTHMABAL R SR 14 S ik B30 5 A7 22 b W 7 4 ok o s
P SRR 2 o B R G R 22 A R SR R
%, B2 e i 3 B S A, B AR 208 I s R AT — &
A1) BN 5 HE S AL B DA IBCHA S0 R

T WG M v, o BEOCTE th T #5719l



164 e &

a1k

JEG AR, B R TS 522 70307 LA BB AT 55
PRIGEMRFS RESE — MR AR D S R SR AE I BT T A
IR 5 Z A, TR TR BB S AT AR AL LG — 1
T 3BT FH, TS A 45 R AT DL — 5 i i 32
Yt 500 A0, 2200 R A A0

i) =i(xy) ~ fylxy) (3)
KA b MLANEUR S (k= 1,2,3-) 3f.(x,y) HVILR
AR BHE —WLLAMNEUG AR R

PR AR

x'=(x —p)/o (4)
Ao o ARMEACEEE ;o IREAR GRS s I REAS K
Y ;o AR R ER

{BEG 2 73 H 50 A Be X BRI AT 22 5 1 o 4k

H AT X EURAAFAE R bk b s 5 T IR e P | 5 At 2

Ao DR F) R e (A2 (ELDE 0 e AN AR AN P2 ) AT LE, e

e T (0 20 A g S0 8 904 T LA A T O - LS Y

P15t AT IR P v 208 D82 T i 30 08 o 20 41 P {5

AR A B P MR i f) P A P 0 PR A 4 i, LA

YT FUG AR S FE T4 OO LU JE AT e ™
EL7 AR e BN

smﬂm=§mm=;f
K p,(r) Famgh g TG T 0 K FE 9 1 M 5% 25 8 pR 3
k=1,2,- Lys, 5 HBAZ P RSEBEAE, &N T AR
B SR

LTAMAG AR T A A J RGO L& 4 s

n

(0<r<1) (5

ity

o o
| e |

BB

b fE R

K4 KGR
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Fig.5 Infrared thermal image of different working conditions
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Fig. 6 Maximum radiation temperature
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Fig.7 Local thermal image of pipeline leakage
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Fig. 8 Statistical characteristics of infrared temperature field

M E BT, K B RS T R Y
AR B K S I Y, RGN R A GRS
FERCIRBY B (100 s ) , 22 58 S B2 43 A 9 BBl AN, 22
TE-0. 1~0. 5 K, &l 1) v a4 59 DX 3k 45 /0y, g o i
FEREET , MRS AR A RS VR B T
2R, SRR, AR A 3 3R T 1]

LE B B 3 i S TR AR AR B . R D R AR
WA, IR BEXT FEAS I 8, B AR Ty S , By Rl
DRSS (T

FE 350 s B, B A% 55 3 1, H A TR B AR LA 4 B B
/NIRRE BT IR BE AR IE I YRZE 0~ 1. 2 K, i il X 3
PR, AR B S a8 IR B I AR B LG ; B
B A TR T AW AN, A 250 T 8 5 il
HORASK LIRS K ZE SRR S A AR e Bt 1 15
S5 22 DR 25 el A5 AR AR B TR Rst BT R R A P A
K5 JE A B R 25 K, BE i AR, PR T2 o BT
U 2 RS (600 s) R EE AR VE YK 0~3 K i
JE S s B RS AR Y U A Ak R v ) ] % R
VoK, e et B S AT 2

M E R (950 ) , REGEA BRSNS, R 2 — 1
K, VRS A AR S FEIS Rh 0~6 K, ELIE Bl DY e 1 A S I 8
B143 A% BIVAS R HT A9 TR BUAE &5 5 78 1tk s — 2 1) (1)
ZJa, JE B R A, SRR TR, g X
SRS TR TR DR A TS R A IR 25 N R
TR B SN/ R A B AR TR S
Yite AR v ik SRR XA A TR v B TR
B P PR AE R A A A

P = 4 IR 3 557 W LA SR SR 40 A7 L B #r
FIA5 B RS A (A 1, 4 A B 220 B S IR R ) e KA
A5 0.5,1.2,3.2,5.7 K, MU K 5 i BE 53 A7 i FELAS W
PR, PR N = RS2 G 22 AS R RE 315 BT P 19 s L
S BAE R G AR A5 5 TR BE 1 00 S I 4 4 P B, R
X R B IX 5 ARIERE X AT R R 4R v TR 0 A MR
R 1E A A B W AR N IE A A A

5 ittimkRImERTTES MRS E A

5.1 tRAZImMEREEE

TR LI PRI N B BB R TR D, L
T DX A A AR A ROT AR SRS 58 1 32 T XY
PRI, SR AR TR AR AN A 9 FR

B *ﬁ TR

A G X
fakmm wmﬂ‘——ﬁméiﬁ
F 9o sEmmAVhE LR

Fig. 9  Area estimation process
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