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Abstract

The study found that physical leakage is an important part of the loss of the
pipeline network. It not only causes economic losses to the water supply company, but
also wastes mounting precious fresh water resources. How to accurately predict physical
leakage in the urban pipe network is an important issue. However, there are still some
shortcomings in the present existing various leakage models and researches. Therefore,
starting from the point-leak theory, this thesis conducts leakage test experiments on
different leakage forms of pipelines, and then analyzes the impact of leakage forms to
the pipeline pressure fluctuations and leakage volume.

The traditional point-leak index model and the derived leakage formula only
consider the correspondence between the leak loss and the leak area, the pipeline
pressure. There is no quantitative analysis of the relationship between the leak loss and
the leak shape. In this paper, the three types of leakage, namely the lengthwise , the
circumference and radial, are studied. The software FLUENT on computer is used to
simulate the leakage. The relationship between the leak shape and its pressure field, and
velocity field, and the leakage volume are analyzed theoretically. Determine its
necessary to research.

Then through a combination of physical experiments and computer numerical
simulation, a large number of leak experiments were carried out to investigate the
effects of the leak shape, the leak area ratio and the leak-water pressure on leakage loss
volume when the leakage reached to a steady state. The leakage variation coefficient k
in the traditional leakage index model is refined, and the specific expression formula
between the leakage coefficient k and the leak area ratio s of the exponential model
under different failure forms is obtained, and the traditional leakage index model is
therefore optimized. Then the new model formula expression has a highly goodness of
fit. The establishment of the new leak index model not only can more accurately reflect
the leakage situation in the pipeline, but also provide a basis for the calculation of

pipeline leakage loss volume under different leak forms.
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Based on the leak experimental data completed in the physical experiment, the
effects of different leak shapes on the transient pressure fluctuation volatility and
leakage loss of various pipes, different pipe diameters and different pipeline pressures
are summarized. BP neural network is established. The network, through a large number
of input and output training, debugs the optimal structural composition of the neural
network, and establishes a nonlinear mapping relationship between the pressure
fluctuation data at the leak and the leak forms and the leakage volume of the pipeline.
Through testing and verification, the BP neural network can make accurate predictions
for the leak experiments. This experiment not only provides a feasible method for
predicting the leakage loss in the water supply network in the future, but also establishes
a connection between the forms of the leakage point and the pressure fluctuation around
the leak point, and diagnoses the leak forms from the pressure fluctuation data in the
future. From the aspect of the leak forms, it could possibly analyzes the cause of
leakage and provides a new way to effectively control the leakage loss of the pipe

network from the roots.

Key words:leak index model, FLUENT, BP neural network, leakage diagnosis and

prediction
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% 2-1 FLUENT #4#0A R & £7

Table 2-1 Types of boundary conditions provided by FLUENT

AT TR KA B R SR Y ]

HEERE T, H T8 S Bk 2 AL i R
velocity-inlet prid MBvIRTS A sh B HoAth by B A AR &, 3 FH T O A

AT R i 5)

JE 13, AT 5 S Bk i S e e A

pressure-inlet i Wbl bR BRI AR B, 1 T ) A1 AN AT R IR
)

mass-flow-inlet S FREE I, RRIUE R R E, — K

P 5 73 s R oV 7€ ) W] T i3
AL, T SR T A 77 4 AR R HY 1
WG, FREH AT B2 e e R G

fl W] .
outflow T AR T T T AR S
E
pressure-outlet H gt R, H T € S A EE
S, SRR T 55 A R
pressure-far-field e JE 13ty AR $ER TG 75w Ab i 5 B A] R IR

2. M ARG TR R

T W R K R B & T AT R, BT DAAS S F O B gt D ot i
FIEE 0.5m/s, JE /718N 15000Pa. HH Turbulence Specification Method Tl H &
AR TE IR AR N TR S 4L, A F 5T iE S K and Epsilon 4!, H iz ae
k A BFE R & TRAFFERIME . kSRt a5, AR I3 E A 15000Pa.
e EREE T Ca s, RS E N 0.

2.3.3.4 BITIIERE BOKR

N7 HEHEFETEE, TR WE, RIERANS, ARERE
WEIHE S % A S AR

FE FLUENT {932 3 5% AR BLA N (9 R 0 #8 2 A XT38 47 558 T 70 A X &
71, 1£ Operating Conditions BLA4ARE Rk 101325Pa 1E NS H K 77, H /) mishts
WO SRR (0,0,00 « EISERE, WE x #7710 9-9.8m/s?. M5 B ik
BN R ME R 1.225kg/m’s

T SRR Y SIMPLE 523, RAAShIN T FHERIAME . BEIF &S
WA e, XS HATRRNT, FX% FLUENT $24% (3737 10 AR i A0 46 55 DA »
BT WG . WIRA T DL AN R HEAT, ] DL SEA T k4T
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Fig.2-7 Pressure distribution nephogram of longitudinal leak section
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Fig.2-8 Pressure distribution nephogram of circumferential leak section
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Fig.2-9 Pressure distribution nephogram of circular leak section
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XA ) S IR AT AT S 7 T, BRI 1 T ARG T A BB W T Bk AN S K,
I R RORS IEANE BUIIFE IR AN R, 58 07 THR AN B VR AR R BN, BUEAE
B BRI o A S 3 R R 1R AN R . RN R I H 0 0 20 A AN R AR TR
FUIR DRI E S 28R BE R, IR O IR F1 A R i TR 1, I B 46 o
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%22 N9 k7% 15000pa BE KR

Table 2-2 Pressure in pipe when inlet pressure is 15000pa

TR TR EWNRKEIME (pa) EWHR/ANEIIME (pa)
ZNEN =N 15810.45 -4116.979
EZNGIb | 15775.17 -4760.892
[ 7 I 11 15815.44 -3265.157

% 2-3 N9 k7% 20000pa BE KR

Table 2-3 Pressure in pipe when inlet pressure is 20000pa

T AR BN KNEIE (pa) BN ENEIIE (pa)
A 20802.32 -5578.928
2GR | 20767.31 -6141.33
[ 7 I 11 20813.55 -4419.923

& 2-4 N1 JE K 25000pa B E AR T

Table 2-4 Pressure in pipe when inlet pressure is 25000pa

TR TR EWNRKEIME (pa) EWHR/ANEIIME (pa)
A 25800.91 -6863.181
2GR | 25763.54 -7433.802
[ 7 I 11 25808.27 -5549.913

T R BAEIR S R R ) ME, xR v LLE , TR IE R — 8
FIEBL T, ASERE CER AT 51 R R BI04 R B ARE I A AR . BR )i 1
A SIME AR, TEN K 7 25000pa B AT 3k-7433.802pa, 2\ A J AR & 70
EEh, BN DA R B A E R =R KB N aem . EARKIRA LT,
BB D A N B AR T 9¢ R W& 2-10 s
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Fig.2-11 Pressure distribution nephogram of longitudinal leak

22



(a) xz F& (b) xy “F&

B 2-12 F@ke k) 5H =B

Fig.2-12 Pressure distribution nephogram of circumferential leak
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Fig.2-13 Pressure distribution nephogram of circular leak
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Fig.2-14 Velocity distribution nephogram of longitudinal leak
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Fig.2-15 Velocity distribution nephogram of circumferential leak
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Fig.2-16 Velocity distribution nephogram of circular leak
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SRR, KRB TR S KA, ENANEZED R, Fifa WS TR
TN TJ/NHITT, B AR AR B s AR R 2. B TE R AR R R, WP L
T BRI A2 I 1 BRI EOR, T RAME R S VR B 20 R L K IR
W ER o B, BRI O i s BRI 2R H N, AR S JE
) 0 B S R . BT H AR RIS B s BN 22, Bl 2-16 FTLA
A R AR 2 R T 22, 1A )RR ] I T AR B R 2, KRR S
AFEE, MK 2-15. 2-16 AT LLFE HUHE = B i i e AP 5

XA R H IR E B 2R I s R S B B A AR T 3K

% 2-5 FLUENT £

Table 2-5 FLUENT calculation results

AN K TR TR HOFE H O ROGE M EE
(pa) (kg/s) (kg/s) (kg/s) Net

A 3.8556981 -2.6023364 -1.2535051  -0.00014341

15000 EZNGp | 3.8556988 -2.6828701 -1.1727546  7.40290e-05

(5 T J 11 3.8556991 -2.6688724 -1.1869545  -0.00012779
A1 3.8556981 -2.4013784 -1.4539675  0.000352263
20000 2GR | 3.8556988 -2.4896843 -1.3659245 9.0003¢-05
(5] T I 11 3.8556991 -2.4813232 -1.3745009  -0.00012505
A 3.8556981 -2.2298398 -1.6262496  -0.00039124
25000 2GR | 3.8556988 -2.3196144 -1.5358934  0.00019097
[53] E if 11 3.8556991 -2.3156886 -1.5399753 3.5167e-05

M5 FLUENT B0 S5 R T ULE Y, A2 S 70 A D AR AR R O 0, = Fhie
FE BUs D AR S, (HiRRENAME . Ards DR RRERK,
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Fig.3-1 Experimental platform pipe network system CAD drawing
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Fig.3-2 Schematic diagram of point-leak experimental equipment
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RVRR LS 2 ST %S B T 2 DN100 B RN E IR IR LG . v 1 EIFI
SR R, AR AT R B BUE BO BOE R AL, I E B K A T —
SE AR BN RSB0 B 1 B A R A .
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% 3-1 RAREERE—LX

Table 3-1 List of missing experimental equipment

'S W& AR 28
1 IKFE 24N, Bk, ARS8 0.85mP 0.5m?
5 e 2 G EHEOE, W& =ML, 25 YE2
13281-2,YE2-802-2
; ra——. 2 &, 5. OPTIFLUX2300C, #:iEL5%. 03 %, &
fE: 14-140m3h
A I e 2 f7 KELLER /& /if&i&ds, %5 . LEX1, F/ 0.01, &=
F£: -1-18bar
s i a1, NAFEEM. ARER. AETERE O MKN
1.2 KEE B
6 AR &)
7 1% 8 AN, MM T
8 1] /%] 2/, #5 745T/W-16, DN100
9 WK ] 34, 5. D7A1Xs-10/16ZB1,DN150
10 I RE RS —%
11 H i —&

32 XIWAR

fEIRRSEs ., b —3 AR T IR TR B TE IR R SR AR o A A
ERRPOE, WP RN BB AR IR R ARG B BRI . Rt
EEERRERHE, SRR B, BRI =R AR S5m0t 5.
EEMITIH, WTBUOKE W2 A EMAREEYE . KOBHRE ., WNE. |’
BB BRESE, RARR o A NUERIR &8 R M. BT8R
AR B S IE IV 5K, BT DAAS ORI (1) P 3 S 36 3 40326 FH ANEB AN AT PVC AN A
ARFHEME M ATIRRSLL, 7r7)iEH DN50. DN100. DN150. DN200 117,
B MNMEBAR KRN 1.2 2K, HEASHI N RTR:
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Table 3-2 Specific parameters of leakage pipe section

% 32 RREBRAEARLHK

%' EM ARER FAER FORST (mm)
1 iR DN50 Hm) 55%3.5
2 PVC DN50 Hm) 55%3.5
3 NGiEL DN50 m) 5%35
4 PVC DN50 m) 5%35
5 AN DN50 5] 1 15
6 PVC DNS50 [ JE 15
7 NGiEL DN100 Hm) 45%7
8 PVC DN100 Hm) 45%7
9 AN DN100 m) 7*45
10 PVC DN100 m) 7*45
11 NGt DN100 [ 7 20
12 PVC DN100 [ JE 20
13 AW DN150 Hm) 26*3
14 PVC DN150 Hm) 26*3
15 NGiEL DN150 m) 3%26
16 PVC DN150 m) 3%26
17 AN DN150 5] 1 10
18 PVC DN150 [ JE 10
19 NGiEL DN200 Hm) 45.5%5
20 PVC DN200 Hm) 45.5%5
21 iR DN200 m) 5%45.5
22 PVC DN200 m) 5%45.5
23 NEH DN200 [ 7 17
24 PVC DN200 [ JE 17

3.3 MEFE

KU FEEE AW TT . H—, TARAFRBOEAEEBEAFR LT

T RACS I I AR B A A

E__A

>N —)

GRIR R LE IR S IR IR 10 A 25 s 0 e s AR

(1) TS

WEFEA R R A

EIEAAAF AR

fERAKER, BMAIPREGEARENFI T, MHRAE B R &
R E RN DR R R .. O 7S EONMERR O BE, rIESEIR T, BERR 2s HU
— IR TR, B 10 IRBE e ARG S8, SRAE DN ZE D NIR DREE, X

FETHRL S SR AR 10 & SN HE A
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(2) BESHET:

FAAR [ B 7 FFE R B IR 11, A0 IR 3T % ) 245 BoK it T Rase
R G Z B E 1 8E . R KELLER-LEX1 & /& E&gs WL £, JHiEidE R
K4 & 5; Control Center Serie30 &% 0.25s ik — L4, HEETEHAH
KAEBWANIE. BT R&NE, BRKRET 0.25s WM—IKIEHE, HRFEN 2K
ARIRTRIE R, FEEUR IR AL, N7 SRR RHER T, FEAT =RESR
W, 2O IUAEIE, LG HOE A PR A R 5 (Y Hd E

3.4 XENG

AREAELS ERE = R U5 UK E PR, 3220 L i) — 2 B TE AT S
R EEAARRR DR AREM . ARERKARET IR, E
AT R R AT EAR AR R, 10 SR A A R A .

(1) Fassesy. EEERERRKE, BNRshHERIREIRAE, JnH &k
JIFFEE B A H R AEBE, DRI R SR ESE . 9T —RmETHEAL
BRADIR R A A IS 7T - o AR T U3 Al i o

(2) WFSSRE: EEEKERAN—BHE, EEPRERKMNRORE, =
SHUEEE A S A3, 103 IR R AR 20T 46 218 T8 I S 2t NS IRAS Z 1R s
JIBENEHE . N LFEET BP Mg @ Ls AR IR ES S psh iz
(]I Ok 2 3 i Kt il o
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FMOE FRREIAPRESTEOSREEXRM

N
AL SR A6 = A LR RS ILL IR % SE B A5 B A 25 R s el 5, e R BRI
AEE TR EA, HEZEVEA 2. ESLilEERAREZ AR,
INSRIG 2 R PR RT3t R e N B 22 R R 22 5 22 R DR PR A, 1y L
S PR S 96 I B 7R BN KERI NI AW 77, A BRI AR Al i s 56 VAT
PR, AT A . TR FARE AR X T Tl Al DR G 6 e ik CAE TR, A
TN Sl AR E TS, AU S T T 1 B SCES,  n RGE L T R
MSEL AAESR T RAST N, THEH B AE R S Y E SLI0 25 5RAH — 20 il B
FHTT SERUBALAC RS & 20 LERAF I B S, 58 RN A a8, AT 5L

EHATIIERSCI L, R, S A

4.1 SERBBWMHEINEH

K b — B SR = A7 EARAUVE N P 11 2R SE A RS S 1R SR 50 804 AN FLUENT
W I RTAR A TR AT AT IEAR, XT k —e K0, H A K and Epsilon 1 Intensity
and Viscosity Ratio & UK BEAT it Z 8 N, Sl a5 R, A IR
Intensity and Viscosity Ratio (Jig¥it 58 B 1 A skl FE LE g, / g ) BRSNS 5015 2]
AU A5 R BT i T HSE

IR 1 (turbulence intensity) 4% N 205

I=u'/7=0.16(Re, J"* (4-1)

b, w Ma 73 BONRAK SR AP E R, Re, KT EAR Du it 545
PR EER. XTFHREE, KOBERRSETRE EE.

W3R EE L g, / - (Turbulent Viscosity Ratio) IE b Timsh i 1680, — M nlHL
1-10 Z [8) o AR @A R E EE Y 10,

H T S206 = at AT S Ie s A e ) 42, BT OB RS 26440 x Bl 1) ) m i
FESON 0, y BlINGE ¥ N-9.8. HANSEIRIFAZS,
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XA EVERS . AFRIJROAEA R KT R R AT AT, 50 s R
s gs R N &
& 4-1 DN50 2\ @) 0 5 i AL Bh 25 B AT

Table 4-1 Analysis of DN50 longitudinal leaky pipe simulation results

R 7] (pad 233530 324150 399540

R I A B HH JH piian| HH K piian| HH JH
BUE (m3/h) 4.13134 0.81151 -4.94245 5.56994 0.66397 -6.23449  6.28923 1.80746 -8.09708
SEAE (m/h) 4.20560 0.82610 -5.03170 5.67005 0.67590 -6.34595 6.40228 1.83995 -8.24223

AAXT R 2 0.01766 0.01766 0.01774 0.01766 0.01765 0.01756 0.01766 0.01766 0.01761

% 4-2 DN50 3 1) ) 0 8 AR A48 R 547

Table 4-2 Analysis of DN50 circumferential leaky pipe simulation results

BEHES (pa) 227160 306180 393170

R I A B HH JH piian| HH K piian| HH JH
HUE (m3/h) 4.85004 0.94062 -5.79143 6.38145 1.23571 -7.61727 638145 2.19510 -8.57653
SEAE (m/h) 4.93783 0.95753 -5.89535 6.49615 1.25793 -7.75408  6.49615  2.23423 -8.73038

AAXT R 2 0.01766 0.01766 0.01763 0.01766 0.01766 0.01764 0.01766  0.01751 0.01762

% 4-3 DN50 A7 )k 0 &8 4248 R 47

Table 4-3 Analysis of DN50 circular leaky pipe simulation results

HEOE S (pa)d 221240 300830 379320

R I A B HH JH piian| HH K piian| HH JH
BUE (m3/h) 5.27484 0.84840 -6.12273 6.62122 1.32793 -7.94865 7.61716 1.71525 -9.33222
SEAE (m/h) 5.36965 0.86365 -6.23330 6.74023 1.35180  -8.09203 7.75408 1.74608 -9.50015

AAXT R 2 0.01766 0.01766 0.01774 0.01766 0.01766 0.01772 0.01766  0.01766 0.01768

% 4-4 DN100 2 %) B 0 6 38 A2 L 25 B 547

Table 4-4 Analysis of DN100 longitudinal leaky pipe simulation results

R ) (pad 159280 214860 243510

R I A B HH JH piian| HH W prid | HH JH
HAUE (m¥/h) 3.46735 3.13539 -6.60410 7.00855 2.47143 -9.48311 9.18487 1.42015 -10.60926
SEAE (mP/h) 3.52970 3.19175 -6.72145 7.13450 2.51585 -9.65035  9.34995 1.44568 -10.79563

AAXT R 2 0.01766 0.01766 0.01746 0.01765 0.01766 0.01733 0.01766  0.01766 0.01726
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% 4-5 DN100 3% 4 0 4 8 A D4 B o7

Table 4-5 Analysis of DN100 circumferential leaky pipe simulation results

#EHES (pa) 151540 198860 247310
iR I #EO HH JH prid | HH JH A HH JH
BAUME (m*/h) 6.04947 1.18038 -7.23020 7.58028 2.56365 -10.14518 8.09670 4.18667 -12.28440

SEMAE (mP/h) 6.15820 1.20160 -7.35980 7.71653 2.60973 -10.32625 8.24223 4.26183 -12.50415
AN R 22 0.01766 0.01766 0.01761 0.01766 0.01766 0.01753 0.01766 0.01764 0.01757

% 4-6 DN100 [A 7 )k 0 &8 12 48 R 47

Table 4-6 Analysis of DN100 circular leaky pipe simulation results

R 7] (pad 153340 212780 258340

R I A B HH JH piian| HH K BEF HH JH
HAUE (m/h) 7.11598 1.02161 -8.13764 9.92081 0.84838 -10.76641 12.37947 1.07348 -13.44837
SEAE (mP/h) 7.24387 1.03988 -8.28375 10.09912 0.86363 -10.96275 12.60188 1.09275 -13.69463

AAXT R 2 0.01765 0.01757 0.01764 0.01766 0.01766 0.01791 0.01765 0.01763 0.01798

Hgh i rnsE AR NSRS ERE, FERRRHEERE.

FH RN, ARLAUME A SEIIME R AR X R ZE AR I TE 1.746%-1.774% 2 8], [KIASE
A A 3 A T i R IR S S B, ARSI, BB E AR e Y
NH ETESE T IERBLR, AR R ZRN, IR FLUENT 40
B IR RAG DL AT IR, A TR S I B AN SR I ], AR AT @S FLUENT
AU [R) B AR A [R5 SE R HEAT IR & 5 R 1 Z TR R R AT o

42 NREIREBEATENSREEXRZMR

4.2.1 FRIENFHGRE S

St =R 2 T 2R BTSSR T8 R 3 AT IR R SR IR R, KT SRS
[I%d S\ FLUENT JE Ab 2% CFD-POST H, &5 R 34T 00, =i
25 R KBUHEE, LA AR 9], BEAT RS R

XK 1200mm, 4% DN100, E2JE 4mm, IR SN 45Smm* 7Tmm 7R
SRAGTEHAT FLUENT S, 7RI 5 5% h 5 B AN 5] (0 530 e 77 20 S0 AT Uk 1 A4
TR, RS AT,
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(a) P=21m, xz & (b) P=21m, xy -F&

(c) P=40m, xz -F& (d) P=40m, xy ‘F&@
B 4-1 o) SRR O &7 57 B

Fig.4-1 Distribution diagram of leakage pressure with different inlet pressure

(a) P=21m, xz ‘F& (b) P=21m, xy ‘F&

(¢) P=40m, xz F& (d) P=40m, xy “F&@
B 4-2 #om) AR KR E> AR
Fig.4-2 Distribution diagram of leakage velocity with different inlet pressure
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IR FEARAZ I OL R, BRI 21 KAKFESE IS 40 KKK, EHHE
OIAEREERE AR, it B 4-1 RTLAE S W AREE O D R IR H L I R 1A =
EIRTRAI B AR — 5, RSB RERMEBUEARRE, 48 BOR AT EN
e A K RS, SRR AT TR TR X, @il 4-1b VRIS (355 BT
N, BEEE AR MR, KEATEARR AR, FEANEIIN 21m
I, IR G R /NE I28-39560pa, 4k FE 35N 3] 40m i, s HIO 20
N TR F-74990pa. X LSRR AR AN RO, 8 7R T, EAME
P 2= M 3 v B 7 RN IR AR 7, i DATE A I JRs S B, U5 1 AL
TR HENE W, FRATOK [ B R 2 ke . BRI, JeHid
G R SRR R, R AR SR B I R K

DN 11 A PRI AL 38 43 AT FE AN ] (4 T 7 08 U I i T P, e 11 i
JE/N o BB RO T, IR O EE R RO R K, MRAE ] 4-2 FTLLE H,
BEAEE NIRRT, B TERAAREAR TR, Xt 4-2a S e, 18420 5 d,

ADEHYEEER SIS, B RE RGN, SHEE RN, N
U A7 P J T P s i Y R AR D, P AR A B FE AR B, Ul R OR, PTid
PR R 5 AR A/ BR8P 5 19 gt A

gi borir, RIAEHAD AR GO, BIEEIBR, RAETRKN G EH
K. 5, FEASEEBRR ALK, BB G5 525 5 th 5 R
ARG E, WARAEEHKS, s AR E: £, MEEEERIN
B, R EAALRCF R R, IRREIGR, FREIIR R, R E R R
AKEIEIE K TR E, TR 2T B IR /K B R 0 [R5 Ak A JE R T BRI
GUER: =, IR FACMIRIEERCOR, IR KU B TE S R PR (R e Bk
S TR AR N B HE K TE R UL, IR IR TR A b A R B A, S R
TARRE B A, TERA ISV, R&SEO IR ERFE . BT
FERIFHK TR SRIATIE T, PR E M AR, AMUOTLIRIE, & FRR T & W
KA R 2 1) E R

FTE MR R E S, AKEIEIR R i 3 B i B A LAEA I 65
B2 R Ok A2 B IR R BT TR T AL I AT, M EE AR TR IR DS, TR
RS EIIZ AR R,
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