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Abstract—A leakage detection method based on a physical model of a pipeline system is proposed. Based

on fundamental balance equations for liquid transporation in a pipeline, the method was constructed to diag-'
nose the leak point as well as to detect the leakage. The proposed method was evaluated in a water transpor-
ting pipeline system of which the length is 97.6 m and inner diameter is 3/8", respectively. As a result,
the method could discriminate the leakage whenever the leaking rate is more than 3% of the total flowrate
and localize the leaking point within 3% of accuracy depend on the leaking rate.
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Table 1. Experimental canditions and results
Experimental no. 1 2 3 4 5 6 7
Leakage point [m] 450 69.3 45.0, 69.3 69.3, 45.0 45.0 69.3 69.3, 45.0
Inlet flowrate [kg/minJ 5.53 5.56 5.90 5.66
Outlet flowrate [kg/min] 5.34 5.14 434 4.88
Inlet pressure [bar] 2.29 2.26 2.12 221
Outlet pressure [bar] 141 1.39 1.27 135
Sampling time [sec] 05 05 0.5 0.5 0.5 05 05
Threshold [%] 1 1 1 1 3 3 3
Flowrate change 5 + 5 T % e +F
Diagnosed point [m] 47.8 69.8 472, 654 70.7, 462 485 74.1 69.0, 49.9
Leakage amount [kg/min] 0.19 0.42 1.56 0.78
Leakage amount [%] 347 7.49 26.54 13.82 14.5 9.62 24.25
a [X1074] 241 242 241 241 243 243 244
B [x107*] 38.23 14.96 2393
Diagnosis error [m] 2.8 0.5 22, —39 14, 1.2 35 4.8 —03, 49
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Fig. 2. Diagnosis results leakage at 69.3 m from pipeline inlet(Exp. 2, without flowrate change).
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Fig. 3. Diagnosis results for leakage at 69.3 m and 45.0 m from pipeline inlet(Exp. 4, without flowrate change).

% Aol tated 27t @ AWel N fEo) AT
9 £3Mo2 £ YA fHEol WY A5
Ssech. QIR fe WA wE A
Sepe} Wsrh B f3ol oshelnt Wske A gl

r Nlﬂl oX

o

&

£

6-2. MEZz % E9|

APARRE A7kl o FE) W3l 4H e Wli}
frEge W 183 7 ‘*-Mi $1x19) 2k A3} 5
zkz} zAvsigdet. 7k SRl g A¥zAs aﬂfﬁ
Table 1ol el s, 2 F 445 Fig 2-4o ey
Ak E3) f2o) WS Vel 23 F& A4Ade

§l 279 frakoll ¥ AlE g dEYY etk Y
14 e 992 WA 4L el ¥
5-7& freks o2 Hsagl 7é—r Ich. A3 1,2,5,6
< & AHAN FEo) LAY Aol AY 34,72
FAH 22 F Al A frdo] LAY A -5-olch Table
lolA ol-&7e Rt 4He L5 fEo] WA
F9] golch A& 56,7 dztds S d9=2
waAlzens £ g veblA o4t
kg 992 eyl A 42 A7 FEE de
2 W5ha)7]l Ao wlated 23 o e Ak ARE
2 F Uik At .EUF— Aoz 4}0 132 2}

-

HWAHAK KONGHAK Vol. 30, No. 5, October, 1992



534 15 - 47 -

6o flowrate [Kg/min]

FHI - oldE

pressure(thousands) [pa]
280

— Inlet flowrate
---- outlet flowrate

40 N s L " N L " L s
0 20 40 B0 80 100 120 140 180 180 200

time [0.5 sec)

, leakage amount [ %]
.

280
240
220

200 __ Inlet flowrate

moL"“ outlet flowrate
180 -
140

120

100 L 2 ) L " N A 2 "
0O 20 40 60 380 100 120 4O 160 180 200

time [0.5 sec]

leakage location [m]
00

ol raw —741m
I — average
sof e o e e
10}
al
sof
Py
o 40
zl—
201
0 O
-2 L L . s L L " 0 N L "

0 20 40 60 B0 100 120 140 160 180 200
time [0.5 sec]

0 20 40 60 80 100 120 MO 180 180 200
time [0.5 sec]

Fig. 4. Diagnosis results for leakage at 69.3 m from pipeline inlet(Exp. 6, with flowrate change).
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Fig. 5. Diagnosis results for leakage at 69.3 m and 45.0 m from pipeline inlet(Exp. 7, with flowrate change).
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A : cross-sectional area of the pipe [m?]

D : pipe diameter [m]
€ : coefficients (17, 18)

f : friction factor [dimensionless]
fo : friction factor in inlet
% : friction factor in outlet
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g : gravitational acceleration [m/sec?]

k : discrete time index

M  :fluid molecular weight [Kg/mol] (17, 18)

Ng. :Reynolds number [dimensionless]

P : pressure [Pa)

P,  :inlet pressure [Pa]

Py :outlet pressure [Pa]

P, :leakage point pressure [Pa]

P,y :first leakage point pressure [Pa] (29)

AP;, :difference between P, and atmospheric pres-
sure [Pa) (28)

q : flowrate [Kg/sec]

q  :inlet flowrate [Kg/min]

qv  :outlet flowrate [Kg/min]

q.  :leakage flowrate [Kg/min]

qu  :leakage flowrate in first leakage point [Kg/

min] (29)

Aq* :integrated mean value of flowrate difference
[(Kg/min] (10)

Aq; :flowrate difference between qo and qv [Kg/
min] (2)

Aq* :filtered flowrate difference [Kg/min] (4)

:alarm threshold (3)

Aqus*: alarm threshold (5, 11)

Aqo :inlet flowrate change [Kg/min] (6)
Aqy :outlet flowrate change [Kg/min] (6)

R :gas constant [J/mol-K] (17, 18)

t : continuous time index

T : temperature [K] (17, 18)

v : fluid velocity [m/sec]

z : distance index

z,  :leakage point from inlet [m] (26)

zi;  :first leakage point from inlet [m] (29)
z,, :second leakage point from inlet [m]
z;» :imaginary second leakage point from inlet [m]

zy  :pipe length {m]

agjoja X}

9 o

BT > R

=
kS

: correction factor (21)

: leakage point model parameter (28)

s inclination [radian]

: recursive calculation parameter (7)

: filter parameter (4)

: fluid density [Kg/m®]

:time index

: cross-correlation function (6)

:mean value of cross-correlation function (8)
: alarm threshold (9)
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