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Simultaneous estimation of flow rate and location of leakage
in natural gas pipeline using Levenberg-Marquardt method
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Abstract- In this paper, mass flow rate and location of leakage in natural gas pipeline has been estimated
simultaneously using inverse analysis. For doing so, at first natural gas transient flow in pipeline as direct problem has
been simulated numerically. In the direct problem, it is assumed that the mass flow rate and location of leakage is
definite and the governing equations, which are inhomogeneous well-known 1-D Euler equations, have been solved
numerically using Steger—Warming flux splitting method. The results of the direct problem have good agreement with
Mac—Cormack method and characteristics method of specified time intervals. Then the location and mass flow rate of
gas leakage of pipeline have been estimated simultaneously using Levenberg-Marquardt method for parameter
estimation. This method is an iterative algorithm and based on minimizing the sum of the squares of the errors which
are difference between pressures computed by the direct problem and pressures measured by pressure gauges. The
results of the inverse analysis demonstrate that Levenberg-Marquardt algorithm is stable and efficient enough to
estimate simultaneously the mass flow rate and location of leakage in natural gas pipeline.

Keywords: Inverse Analysis, Levenberg-Marquardt, Mass Flow Rate and Location of Leakage Estimations, Natural Gas Pipeline.


mailto:aazimi@asme.org

Olen g (ooubic 330

s b b 3B Wy bas (ol (e g (20 Qlojed (eres

el et Gl 93 0 Sdes g, cpl oS oL,
dyf s b3l Joe gilohs 4 3l of o 1 o)l
9 e o3 & Olde Ghgy ol bl Sl s 5B
sliis 2bs) o bl s i ol 5 e 580
Lf] 5,5 6 ,Lal S5

Gy 1y s Sl (Ve e A) o Ll Kb sl o
BT 5 goas ysb & 55 Ay b LLL glapl >
olo las oads (gilwand bl 9 o,20 sleosls 0,8 ) p
oS Gosb 4 )l 8 s b cod s )led slaggs oS
i By 5 o3l Dlpeds e 5)L38 Slozge JSO
e @iy 58 s g 2lee (rlple aidbioe sl
Sezy Ay (SuES Cuslge 5 Son oML Glp 1) esdll (Do)
@iS slp ) oy, (Ye)e) oKen g ogll [o] 51 e
ok GLLL Jolow sl oslinul b dlgd o e (i ol
bbl )Lad slaggs 5l (hg) cnl oS ail)) 55 byl
JE Cooimly 0aiSels ot S i S oS
30 S S o oslainl gis 6 @iS gly s so
hazie )lad glagge SO wnbbandls sy (25 dlg
2l aasin iy, Ll adl oo Sglice o ST (s
Sz Jeilis ol 95 Jo sl patin Sboj slaojl
5 shadllpl [F] woy 5 @ oas hsS (Jasp solglim
G LSy GLLL neSTs Gl (V2IY) (so9dse
Silodse s30e Sy & 1) 5 Jlil dgd L s S5
2SS say 2 laEe drwbe Ll laal I SO i S
im0 il s o ol ot L ulis o, Ll <l
Elygm ka8 Voo PSi L #e PSi gl bglas 5l lis oo
VT wsly oo W) a4y s i

9 Ehow shS adsly (550 ulpd 398 Dlidiod aen o
G b g el pslee allis > L3 5,80 slaosls Lo
e b oo sS4 alisle;l b g soae slo Jow (4ol
ol aed 0 Jg el ool aisloyy sl g90 o b g ot
Lulyd Jlos 03,8 Joslw lp Sleb B 5l )zl 4 laos
Gan S Yl el oad oliul i ¢l GLLI L >
W RENCECY S R AL
oo 5IUT (g, 5l Glgiee sl (2 gl Ol
Sl w55n o5 25800 (B3 gy Cnl o 05 ool

£ 6olads 1Y 593 AYAY s (59 g0 SE8 (vdiin

doddo —)
Ll o ot ol el G Uil alyf bglas Lol e
Ja bk g oMSas sbml el ol ol sl e
e @b slaghs, nlple osbee golaidl 5 (Jaxe
5 <8l GaSsle jshae 4 (A Ol 5 CueBge (8L
o o, ol GdEl s ol ead wl) iy s
by Sl a5 5 05 slaylBlecin wasie la s
L ogoae gilwans sla by, 5l eolazwl o, ol 5l .l 5Ls
Sl b Rl Sl @ gbaall, WS
g o5 e e n slahs,

B s gl 5 20 558l @l sl goae slagds,
de g, 5l (B o el ool &l Jasl ddg) bgls
2 Sl S ol oud el ol s,
sdal Cussy 55l 5 oz Gli Gl eluly 55 sladl)
eesS sl 1y oads ool alal, Ky (VoY) ol 5 93 .can
dsls @l YL jLed 58 alg) s o Flen Sl i o0
s 28l 185 A o gl memal cpe SO akal) cal 5o
ok e g oylers Slhol B LYs 4 dg) L
ol 45 Ol Lt s el snd oy STShasl I s
oS (g Sl i (o5 1) B S 2 (e
) o ool ojle G (Veo8) ol 5en 5 ¢ V] w3 0e
Lkt o g o 51 Syt 15 585 0 e sl
Flygms o3Il Jolis ylie ol in S olgiio Y Lid alg)
5 SBhol 5,0 B ohy lo)S o Wyl wn Jsb
Gl Jsl asipe @ 51 a5 win,S Lol Ll sl s 0
B & S 398 a3 Sl s Jlw (b2 (i 6551
Dy oo oolainl (655 oduzmy OYolas 3l jekaie cpl 4y oS
BINPE ST Il Jﬁ"“sc Sezg 4 uls jo Bl il asyo ¥ laid
Silwdard 5l a5 Gl 25 Glad Glag e oeluly bty
O i e g 20 Gl iyl ge cenny Al go0e
GLLL ol (V8 Kes 5 Sali-llol ol o
ot Sl LB Ay b S o Sgo peole piyeSTS
23,5 Silodae (Sealos @ glaslas, S8 5 (st
@ Ol G & by 85 as Hleel bl Wl
Cordye (Ve o0) o) Kan g o Siwe Y] simsloy i
Skl 0,8 s @0 )oSI L 1) 5 algd bolas o i



Olen g (ooubic 330

s b b 3B gl bas (Sl (e g (20 QLo jed e

olKes 5 Jowe Vo] ams s Ly o1, o ollee
T geali asgarme (5,55 p (s ) Wi by, o (YY)
cds s s gy GVM) T Slaay oy oetle g
Slhesbre Guilgn @lp Ll wols @l ag) Ll s
) (s g5 w2,550D) Olygesy aws Gise S5 SVM
Madsn slé ezt L8, Gl T o a5 wsy IS 4
5 ool alBislej] zls sl 00l (55 e sl ,y555
anl VU CEs b ) s s gl golering (b,
INT ass
OB (Gdiw) jo a5 Sldasd (o 4 09l e ala>de
e U”‘ B ] 09y r:l_’> vy la u—| r )94 JL.....;
b 58 Jasl dyf b e i e 5 (00 polie
oosSre 5AUT gy ool b lejen jsbas 5 pdyeST
Job 4 allics ol jslaie cpl sl conl oad 03y e
Lol 0ad Jo Loyl )b cnl (o9 polae (28 L g peditese
GLLL LLsl oVoles euitens dlus oSl SYolae
care 85 LB e by SKhaol aex L gans
ose Jo lp &5 widlio ol 02 4 5 58 G RieSTS
ool ons ooliiul P Kaa g - Kl Lo ayies b, des]
9y b Ol Candse g gl bas 5l asly cuts G5 £ e
ol el 00l 035 ess e =S pis) el b e
O 4SSl p g 6T esSae wiysNl So
ool liebl sl 4wl s blas Sl e ggeme
s b awlio b peiae dlae ol lanl o ess mlbs
by saosl o baasis ¢ [¥] Ko, slo i,
olis sSae 3IUT gl ol odds (jlu puine [F] asuine
b 5 il (Sig) 155 )lo=S yuig) o 55 45 R oo

o5z 3BT gy ¥
ool Joame (i S0 5 (20 45 99800 (28 9, (2l 5o
Shosliinl b Joezme loyelly (nl eess 0 Boe
A=l LD dlise glaple; ,0 osel Cassy Sledlb

3. Rough Set Theory

4. Support Vector Machine
5. Steger-Warming

6. Levenberg-Marquardt
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1. Hybrid Genetic Algorithm
2. Inverse Transient Analysis
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