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Identification of irregular pipeline geometry boundary using infrared

transient inspection based on finite element discretization

LU Shigui, YANG Li, FAN Chunli
(College of Power Engineering » Naval University of Engineering, Wuhan 430033, Hubei, China)

Abstract: A two-dimensional physical and mathematical transient heat transfer model for the pipeline with
irregular inner geometry boundary is built. The identification problem of pipeline inner boundary is solved
by using finite element method and conjugate gradient method (CGM) -based inverse algorithm. The
differences of sensitivities of the transient and steady pipeline outer surface temperature to the inner
boundary change are analyzed and certified by a series of numerical simulation experiments, in which the
influences of temperature measurement errors and initial inner boundary guesses are tested. It is found that
the temperature measurement errors and initial inner boundary guesses have no obvious effect on the
pipeline inner boundary identification results when the infrared inspection is carried out in the transient
heat transfer state, while the accuracy of the boundary identification results is poor with temperature
measurement errors when the infrared inspection is carried out in the steady heat transfer state. Therefore,
in the engineering application, in order to identify the inner geometry boundary accurately, the infrared

inspection in the transient heat transfer state is more appropriate than that in steady heat transfer state.

Key words: boundary identification; inverse heat conduction problem; finite element method; conjugate

gradient method; infrared inspection

2012—04—25 W B W) Fs, 2012—05—30 Y H& kg . Received date; 2012—04—25.
BREARSE—EE. BHE: (1986—), B, WML 4. Corresponding author: LU Shigui, shiguilv@ hotmail. com
EE£TB: EHRAAR¥ILETE (50906099, Foundation item: supported by the National Natural Science

Foundation of China (50906099).



+ 3806 & T

1% %63 %

i =7

]
AR A LU R A . TR
EATAE L 0 R AL I o () S PR EE R L A B
RSB BIE I A SRS MR RERL, 4 A4 S
Wk A B R T AT, [ N A N ok
Jii . BRI T Z R IR AR . A L R
5 38 A T A L AR T A2 A T AR A B 1 S R
P, EBGRN Z R, BETFERARE, &
W EOR R R, ok A R
WL PRI, e R B B . R R
T WARE S R RGBT, AR BN R
SR TR U A R A A I AT
38 56 1 LD A e 1 IR . R T I A
J7 LT AN W AR . G A A T B B
Pefih. WBEDE. A FE ST RS AR A A
S, A A AL R I I T A B T R OE
B T AR, gk r ST SR T A VA
SRR R AT T LRI S . R E
W T 20 9N 2 W 0 7 7 e 38 8 3064 T V£ ) i o
() S5 R T 0 5 70 A 5 1 A AR )
RATFHHA 3 FE OB, SIEMAED %
5 T TG o AR 4 TR 20 P £ A R
st 5 £ 2 Al B it 8 A SR AR A 0ok 3 b e B R A kAT T
SERE T ANE O PR3 A gy T Ok R AR SE 41 4
PR T BG4 B B 22 I 2T ARG T A
Gy i P T o 0 5 T 0 T P I BB L A R
0 RS 6 L ) A T 22 B AT IR . MR
B BRI WA BT T4 2 W4 i 2
FERER . B2 AN HEE M. L mLs R
() A 06 O — 25 B LT AN PIS B AR AL
BEFBFSE . ALk bR Ede . MSEAL . B RE AL 7 1
() % JE& LA 2 B0 52 7 3K

5 THE T 4 T 91 5 A T 2 TR () AS DU LA
PR ST ) B AE TR SR A T R
RIS . SF AR B 5 2 X I 5 4 I 1) 5 1 o e
FERETHRCE., BRTCESITE . 268
A0TSR ) SR T B O T S A ) S A LA 3
FURBISE AT T W50 BRAA S SR A T
KPR R HEAT T MG R
BRI 3 X [0 65 A B R 25 A DR S HEAT TR ST . A
T BRI . 15 I R I b oA T 3

JUATIE AR 8 38 AP 45 D7 35 e 3, S 045 T Tk ek U
. A G i ORI R L BRI fig
HERETCIE S . AR B H ik 2 A 40l 6 0 7 i
W RIER G 1 < Jetn” B S, ERZE
BRIGE RSP, RZEERESKMF T TR,
{H AR SE bR B R R R AR RS AR F P kAT, H
TER LM T IR B S F E MM AR K, R R
IR0 52 (] BRA . P, AR AT 6 2R B 25 A )
E S B HETT T I .

AR ORI I BRI i Ak BN U 52 2% [Xduk Lo 2 B
BRI A e B S M B . BT IE AR
TE Y8 B2 55 JE8 X JEC S ft J A D) L AT P 30 A A i 2 A
I BRI HEAT TESE . HOAE T AR B A A I R
L. o fr TINE R 2 . WA B A PR U
LRI

1 AR A

Xt F PR A AR LT A (B D
FEAN R 10 A 20 AP AR AE AT LU 3 SR AR DL 4 S AR
P 7 A E

ﬂ%gzlfi@q%)+%i%Q%%) )

r dr
L SN R TS Y
T‘ =0 — 1o

aT
T
1Aa1g

A AL pu SRR AR I T % B A
A T, WEEWERE; T.. T./93FER
BB Y AMRETEIRLE s TOR A NI s e R IR
WWEEENEER I X RAARERE; EHES B
I SRR T, W35 2 [ BT AR B, b,
Fy AL R KL

- h;(T;,, - T()

1

= h,(Touw — T

B1 PIa A S JL0) JUART 0 53 i) 48 3 4K Tk
Fig. 1 Cross-section schematic diagram of pipeline

with irregular inner geometry boundary



12 B AR SE  JE TR RO IR AN B U B LA i S 20 S 5 0 3 .+ 3807 -«
d" = VSR + yd"! (5)

2 U AR A R TR AR

2.1 JLMia s

A PR C R B R 28 ) AR R . 2 BN
MR B, AT o B LK i X S
P R i 2, I HoAB 9% AR A5 5 R 0 B T SRS
JE . AR SCH A R ICECE Ty vk R i T 2
(DL (2 KA = 4k A FI ) 4 38 SR fire X R
MR A . A RRHOTR A MBI, AW
WU A R E TABRGTE SRt Rtz b, R
SR A X3 FR T B Bk an &l 2 iR .

K2 Ja i X A R TT B B S s 2 8
Fig. 2 Schematic diagram of partial solution

domain discretized with finite element
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Case A with different temperature measurements
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Case A with different temperature measurements
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Case B with different temperature measurements
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Case A with different initial guesses
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