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IIpedcmasneno ynisepcanvny mamemamuuny moodens
WYM06020 CuzHANY 6 MPYOONPOGIOHUX cucmemax 6i0 Micubp
ix 6uHUKHEHHs 00 MOUKU cnocmepesceHHs. 3a PAXyHOK 66e-
denoi ¢ nei induxamopnoi Qynxuii modeav dae moxicausicmo
8 3anexncnocmi 6i0 nocmaesnenoi zaoaui euKoOpucmMosyeamu
Ppi3ni munu Komnonenm i euxonyeamu 3 HumMu 6ionogioni oii,
a inouxamopna Qynxyin 6 okpemux eunaoxax oyoe 0opisiio-
samu HyJo.

Memoto pospoonenoi modeni € me, wo 60HA € YHigep-
CANBbHOM 011 MemMOOi6 MeUOWMYKAHHSL, AKI BUKOPUCMOBYIOMb
dsa npuiimaui cuenany He3aneNicHo 6io ix Qisuunoi npupoou.
B cmammi maxa modensv peanizosana na npuxiadi memooy
aKycmuunoz0 mevowyKanus, w0 GUKOPUCMOBYE G3AEMOKO-
pensuiiny Qynxuiro. Hasedeno cmpyxmyphy cxemy axyc-
MUYHOT cucmeMu 6USABTEHHS MICUsL 6UMOKY, OCHOGHI OJOKU
ma ix napamempu. /[na nepesipxu npayezdamuocmi mame-
Mamuunoi modeai nposedenutl Komn’lomepHuil 6UMIPIO6AIb-
Huil excnepumenm 6 cepedosuui Matlab. Haeedeno anzopumm
KOMR’1omepHozo excnepumenmy 3 YypaxyeanHsam iHouxamop-
HOT pynKyii ma nageoeno pe3yromamu noOwyKy Micys 6UMoKyY
3a 6i0n06i0H010 6UGIPK0I0.

3anpononoeano yuisepcaavhy Gopmyny odpaxym-
Ky Koopounamu micus 6umoxy piounu 3 mpyoonpogoody sk
6300621 0Ci mpy6onposody, max i 3a diamempom mpyéonpo-
600y. Ocobausicmio popmyau € me, wo 6 Hill BPAX0BYEMbCA
gidcmans 6i0 nepemeoprosaua 00 MOIHCAUBOZO MICUSL 6UMO-
KY 3 ypaxyeanusm nomepa eubipxu. Ilpedcmaesnena gpopmy-
Ja 06cayzo0e8ye ynisepcanviy mooe WYM06020 CUZHATY MA
niomeepoxcye pe3yaomamu KoMn 1omepHoz0 eKxcnepumenmy.

B pesynvmami excnepumenmy ompumani 3anexcHocmi
3Hauenb Micusa 6UMoKy piounu 6io Homepa udipxu ma siocma-
Hi 00 npuiimMaua aKycmuuHozo wymoeozo cuznay. /lns nepe-
8ipxu modei Ha adexeamuicmv no6yodosano diazpamy enau-
satouux axmopis y euensnodi diazpamu Icixasu. /liazpama
nOKA3YE NPUMUHHO-HACHIOK06] 36’A3KU, WO 6NIAUEANOMb HA
pobomy Komn’romepHoz0 excnepumenmy, no0yoo8anozo Ha
0CHOBI 3anpononosanoi mamemamuuinoi Mooesi aKycCmuuHux
cuznanie 0na peanizayii YHieepcaiviHozo Memoody meuouy-
Kauns. Adexeammicmo 3anpononoeanoi ynisepcanvioi mooeni
nepesipena ma niomeeporceHa CMaAmUCMUMHUMU MeMOOaAMU.

Ompumani pesysomamu Moxcymo 6ymu suxopucmani oas
mexniunoi diaznocmuxu mpyoonposooie ma w000 IHUINCEHHS
eumpam HA peMOHm i 6i0HOGNEHHS MEXHOJIOZIMHUX CUCMeM
WNAXOM BUSBIIEHHS MICUDL NPOOOIO

Knouoei crosa: akycmuunuii cuenan 6umoxy, ynisepcasio-
HA MamemMamuuHa Mooeb WYMm06020 CUZHALY, KOMN Iomepu-
306ana cucmema UABIEHHS MICUs NOWYKY meui
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1. Introduction

The reliability and efficiency of thermal power equip-
ment and systems are largely determined by the state of their
pipelines. Disturbance of the working capacity of water and
heat supply systems caused by the failure of their elements
causes losses for the economy, environment, and worsening
of working and living conditions [1]. Methods and means of
functional diagnostics based on various physical phenomena
and principles have the greatest prospect for detecting leaks

Copyright © 2020, O. Monchenko, Y. Kutniak, H. Martyniuk, N. Marchenko
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(http.//creativecommons.org/licenses/by,/4.0)

and locating pipeline damages without decommissioning of
pipelines. Each of them has its own implementation means.
Analysis of modern methods of detecting and locating
leaks has shown that acoustic contact methods of con-
trolling pipeline leakage have great potential. However,
their application is often accompanied by significant errors
in leak detection. This is caused by the design of the test
object which is not always simple, ambiguity of physics of
leakage signal formation in through defects of the test object
and presence of interferences. Interference is caused by the



propagation of leakage signals or other processes occurring
in working test objects.

Despite a large number of solutions in this field, their
application is often accompanied by significant errors in
leak detection. This is determined by not always the simple
design of the test object, lack of direct access to the leaks,
complex probabilistic nature of acoustic signals of leakage.
This is also caused by the ambiguity of the physics of the
formation of leakage signals in through defects of the test
object and presence of interferences that occur in leakage
signal propagation or is brought about by other technologi-
cal processes of the working test object.

Capabilities of leak detection methods are determined
not only by the method of generation of information signals
in the “converter — test object” system but also by the chosen
data parameters and signal characteristics and the search for
a universal processing method.

2. Literature review and problem statement

Study [1] describes methods and procedures of leak de-
tection based on various physical phenomena and principles
such as pressure monitoring by means of fixed or sliding
devices, method of scanning waves, negative shock waves,
comparison of cost, change of flow rate and linear balance.

Each of the above methods has its advantages and disad-
vantages. The method of acoustic contact leak detection is
the closest in the technical sense. It is based on an analysis
of the characteristics and parameters of acoustic signals
of leakage. Signals are recorded using transducers having
direct contact with the wall of the test object. It should be
noted that signals are analyzed using the methods applicable
only for analysis of stationary acoustic signals, and the fact
that signals can be non-stationary is not taken into account.
The main features of the leak detection means include loca-
tion accuracy and remote control.

Most known devices and systems of acoustic leak detec-
tion are based on correlation analysis of acoustic signals of
leakage. The principle of these devices consists of measuring
the time delay of the maximum value of the inter-correla-
tion function between the acoustic signals recorded by two
spaced receiving transducers [2].

Distance from a leak to one of the transducers is calcu-
lated from the following formula

Z:L—’COC )

where L is the distance between converters; ¢ is the speed
of propagation of acoustic signals in a pipeline (specified or
measured); T, is the difference between time durations of
the passage of acoustic signals from leakage to each of the
transducers. The value of 1, is determined by the inter-cor-
relation function of signals from sensors “a” and “b”:

R, (t,)=max, (Ra,} (r)) (2)

Capability to record low-level signals with low- and
high-frequency components is the main requirement for
sensors.

The development of acoustic contact leak detection
requires further study of the physical processes of acoustic
signal generation by the leak [3].

The study [2] is devoted to finding an optimal method of
detecting fluid leakages based on a comparison of the com-
mercial methods used today. However, it should be noted
that the results of the choice of an optimal method are based
only on the review of published studies with limited quanti-
tative data. If more accurate data will be found on acoustic
methods of detecting fluid leaks, then this optimum method
may change.

A mechanism of leakage source generation in gas-liquid
two-phase pipelines is analyzed in [3]. Acoustic analysis was
performed using empirical mode decomposition. These stud-
ies formed the basis for the further study of the propagation
of acoustic leakage of signals and their positioning for other
types of pipelines not described in the paper.

A method for locating leaks in pipelines is proposed in [4].
Two sensors of body noise are installed in two accessible
places of land pipelines so that there is an expected leak
between them. The leaking media distort stochastic noises.
Noise signals propagate through the pipeline to the sensors.
These signals are subjected to correlation. The difference
between the two values of the delay time is found from the
inter-correlation function (ICF) and hence, the leak location
as well.

It is important to note that the capabilities of correlators
depend on pressure and background noise in the network.
There is also no data on the accuracy of determining the
leak location.

To analyze the process of propagation of acoustic waves,
it is necessary to pay attention to the model of these acoustic
waves first of all. When constructing a model, much atten-
tion is paid to the uniform distribution law since any signal
model can be created on its basis. In study [5], attention is
paid to the criteria of sampling verification for belonging
to the uniform distribution law. However, it rather poorly
describes the results for short implementations which can be
used as intervals for stationarizing the noise signals.

To implement the universal method of leak detection, it
is necessary to use combined diagnostic systems that make
it possible to determine with high probability current state
of the pipeline. For example, it was demonstrated in [6] that
pipeline networks of pumping systems are characterized
by a high degree of breakdown by leakages accompanied
by complex wave processes in the hydraulic system. It was
found that the wave processes of the network pipelines de-
pend on location and amount of leakage, structural param-
eters of the hydropower network, and properties of the fluid
being transported. However, in this case, it is suggested to
use only the hydraulic power signal to identify the leakage
location.

Currently, the rise in prices of new spare parts on the
one hand and the requirement to reduce operating costs on
the other hand while maintaining the level of reliability and
safety necessitates the system improvement. In [7], attention
is focused on assessing the reliability of pipelines throughout
the life cycle. In addition, a study of poor repair impact on
forecasting the reliability of such a pipeline is carried out. It
should be noted that the experimental part is based solely on
the use of Poisson distribution.

Methods used to test pipeline performance in various
fields of technology [8] or functional diagnostics based
on various physical phenomena and principles [9] make it
possible to determine the pipeline performance at the time
of inspection. This approach was used in [9], however, it is
impossible to reliably find the location of pipeline damage



without its decommissioning when using these diagnostic
parameters.

Mathematical models of signals with low resolution were
considered in [10]. Graphs of time realization of signals in
the model, spectra of realized signals as well as their autocor-
relation functions reflecting main characteristics of signals
at the point of measurement were presented in [11] for sta-
tionary cases. It should be noted that basically every study
is aimed at the analysis of certain kinds of signals and the
model of such a signal is presented differently in each study.

Thus, the review of current scientific solutions [1-11] has
shown a wide range of applications of leak detection meth-
ods. However, the practical implementation of such methods
has some limitations and is not always acceptable.

Some elements of the proposed solution are known and
used in different subject areas but their totality, a universal
mathematical model of the noise signal, and a computer
experiment for its implementation which would be satisfied
by the methods that use signals of different physical nature
were not used. The review of the published data has shown
once again the need to address the leakage problem and im-
prove the accuracy of leak detection.

3. The aim and objectives of the study

The study objective is to develop a universal mathe-
matical model of the noise signal as a component of leakage
detection methods that use fields of various physical nature.

To achieve this objective, the following tasks were set:

—to include additional operations of noise signal analysis
in the acoustic leakage detection method that uses ICF;

—to conduct a computer experiment of leak location;

—to derive a formula for calculating leak location.

4. Construction of a universal mathematical model of
acoustic signals

The acoustic method of leak detection based on the use
of the inter-correlation function was used as a basis and the
process of formation of acoustic leakage signals was studied.

The acoustic signal model has long been known and is
commonly used in practice as a stationary signal. But it
should be noted that usually, the acoustic signal may not be
completely stationary. For example, it was already considered
in [6] as a non-stationary signal which is difficult to imple-
ment in modeling. A solution may consist in presenting the
acoustic signal as a piecewise stationary signal because inter-
vals of stationarization can be found in some short periods.

In order to describe all possible variants of noise signal
generation, a universal noise signal model has been con-
structed that can be used for mathematical and computer
modeling as a three-component vector random process of
the following form:

2, (6)=(,8(2), ,&(2), A1), teT. 3)
The following was used as components of the random

process (3):
1) component

1§(t)= g 1&1‘(t)](t’ATi)y

where { 1§i(z),i=ﬁ} is the sequence of random stationary
linear processes;
2) component
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where {ZF;j (¢),7= 1711} is the sequence of harmonizing pro-
cesses;
3) component

k
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where {Al (¢), 1= 1,7k} are the approximating functions of the
measurement data at the realization of a random variable &(¢, );
4) the indicator function is given by

1, teATi
L PR
’ ]’

and formed in practice by instantaneous time moments of
disorder of homogeneity of the components under study, in
other words, by intervals of homogeneity

[0,AT,)U[AT;,AT,)u...U[AT,_,AT,]|=[0,T]

of the components under study.

The versatility of this model is achieved due to the fact
that it is unnecessary to use all components of the random
process simultaneously. This can be achieved by means of
an indicator function which will be zero in some cases. In
addition, the three components can be combined in different
ways: they can be added, subtracted, multiplied, etc. for dif-
ferent signal models.

If leakage occurs at some point x, of the diagnosed ob-
ject because of pressure drop, the working fluid leaks from
the pipe. This leads to the generation of an acoustic leakage
signal &,,(¢), that propagates through the pipeline on both
sides of the point x, and is detected by transducers (sensors)
installed at the points x, and x, of the pipe.

In a general case, the signals &,(¢) and &,(¢) at the out-
puts of electroacoustic transducers EAT1 and EAT2 differ
from the leakage signal g, ,(¢), Besides, the transducers
record acoustic interferences & (¢), &,,,(¢), caused by the
noise generated by fluid flow and the receiving and record-
ing equipment (Fig. 1).

In a general case, leakage and interference signals
Erur(€), &ui(t), &a(?), are non-stationary because they
depend on pressure in the pipeline and the heat carrier tem-
perature. However, these signals can be considered station-
ary in short time intervals (about several minutes) required
for processing.

In addition, it should be noted that when considering
signals at the intervals of stationarization, interference
signals can be represented as stationary linear signals of
random processes and acoustic signals of leakage as period-
ically correlated random processes which is a partial case of
non-stationary harmonizing processes.

The signals &, (¢) and &,(¢) at the output of transducers
are described by the following expressions:

& (t) =4 (t)‘:zmk (t _T1)+§im1(t)’



&, (1) =4, ()80 (£=7,) + &, (¢),

where §,,(¢) is the acoustic signal of the leak; &, (¢),
€,.2(¢) are the acoustic signals of the transducer inter-
ferences; A (), A,(t) are the approximating functions of
measurement data that correspond to amplitudes of acoustic
signals; t,, T, are the delays of the arrival of the leakage
signal to the points x, and x,.

In order to determine the location of liquid leakage in
the pipeline, the study proposes the block diagram shown
in Fig. 1.

EAT1 and EAT2 convert acoustic signals at mea-
surement points into electrical signals that are fed to the
pre-connected charge amplifiers (CA). Further, the signals
are transmitted through the communication line to the
bandpass filters (BF) which pass only medium frequencies
and then to the processing module of the correlometer.
The processing module performs the two-channel ana-
log-to-digital conversion and transmits digitized signals
through the port to the calculator (C) to which distance (L)
between the EAT and the leak point and speed (v) of the
leak signal passage are also fed. It performs software pro-
cessing of signals to obtain temporal and spectral analytic
functions, in particular, the inter-correlation function
which makes it possible to detect the fluid leakage location.
Graphs of the inter-correlation function are displayed on
the display (D).

Data input

&), &)

Calculation
Rab (T)

Comparison
max, (R,y(7)) <100

/ v

Absence of leak Presence of leak

l |

4
Location of liquid leakage
n=N/2-sl

Fig. 2. The algorithm of determining leak location in the
pipeline

In this case, meeting the following
condition is the criterion for leakage

presence:
1 " &0 (500}
E(t) 4o EAT L 2 _x TEAT2  max (R, (1))<100,
57 s 5 Yo
T — R S S A - — =  where max, (R”h(r)) is the maximum
L L E _E (1) — — — | value of the inter-correlation function
En() e - — &0 determined by the acoustic signals
= — /' &,(¢) and &,(¢), read from EAT1 and
EAT2.
&) ‘ R(7) x[j] When fluid leakage takes place, an
CA ~ BF P’ LC ‘ > B acoustic noise signal is emitted in the
g C D pipeline. Let there be two noise signals
E@® < T ’ received by piezo sensors acting as ac-
- & * celerometers with one signal shifted
Ca > CL ’E LC ” © Li v relative to the other by a delay t [3].
w] The use of Gaussian linear ran-
Input-output port " dom processes as one of the compo-

Fig. 1. Block diagram of an acoustic system for leak detection;
CL — communication line; CA — charge amplifier;
BF — bandpass filter (only medium frequencies are passed); LT — linear transducer;
C —calculator; D — display; S — software;
EAT1, EAT2 —electroacoustic transducers;
L is the distance between the EAT and the leak location;

"V is leakage signal pass speed

5. Computer experiment with leak detection for the
universal leak detection method

The computer experiment was performed according
to the block diagram given in Fig. 1. The algorithm of
determining the location of the pipeline leak is shown
in Fig. 2.

nents of the noise signal is connected
with the following circumstances:

— Gaussian random processes are
uniquely specified by a matrix of cor-
relation moments, so modeling them
in aframework of the correlation theo-
ry is tantamount to modeling by spec-
ified multidimensional distributions;

—modeling of non-Gaussian ran-
dom processes is reduced to the mod-
eling of Gaussian random processes
with subsequent reproduction of the specified transforma-
tion for which it is sufficient to provide only the necessary
correlation connections of the original (Gaussian) processes;

—multidimensional laws of distribution of non-Gaussian
random processes are difficult to obtain theoretically and
experimentally. Their correlation moments are usually de-
termined much easier.



Therefore, in these cases, multidimensional laws of dis-
tribution are usually unknown, and the task of modeling
random vectors is only meaningful within the framework of
the correlation theory [12].

Noise signal caused by fluid flow was generated using an
array of random numbers according to Gaussian distribution
(amount N=100). Thus, the signal (Fig. 3, a) received by the
accelerometer 1 was obtained. The signal received by the
accelerometer 2 was shifted by 100 (Fig. 3, b) and ICF was
determined (Fig. 3, ¢). The maximum value of the correla-
tion function and its corresponding sample number were
then found. The sampling number was the location of the
fluid leakage in the pipeline. Modeling was performed in the
MATLAB system. Modeling results are presented in Fig. 3.

Therefore, n=40 and is the location of fluid leakage in
the pipeline.

There are also cases where it is impossible to determine
exactly where a leak will occur in the pipeline, i. e. the leak
location is unprogrammable. In this case, the use of the indi-
cator function is suggested.

Then ICE signals from the first and second accelerome-
ters will take the form Fig. 4.

Suppose that the metal wall of the pipeline is a good con-
ductor of acoustic vibrations. Therefore, the acoustic signals of
leakage were read from the pipeline walls. Since coordinates
of the leak occurrence are unknown, piezoelectric accelerom-
eters can be installed on the pipeline in a different way, both
along the pipeline axis and on the pipeline diameter.

3 T T T

30

20

20 30

80 90 100

Fig. 3. Determination of the fluid leakage location in the pipeline: @ —signal from the first accelerometer;
b — signal from the second accelerometer;
¢ — inter-correlation function of signals from the first and second accelerometers
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Fig. 4. Determination of the fluid leakage location in the pipeline: @ — location of the leak occurred at /=10 ; b — leak occurred
at n=20; ¢ — leak occurred at n=30; d — leak occurred at 7=40; e — leak occurred at n=50; /— leak occurred at =60

6. The formula for leakage calculation and check for the
model adequacy

stallation to determine leakage location was worked
out (Fig. 5).

When comparing mean square deviations (MSD) of two
acoustic signals EAT1 and EAT2 in the position of the larg-
est MSD, it is likely that the accelerometers took position on
the same line with the leak location:

A procedure of determining the exact location of
fluid leakage in a pipeline was developed. For this
purpose, a conditional scheme of accelerometer in-



c,=0.7869 m/s?,

6,=0.5367 m/s’.
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Fig. 5. Installation of accelerometers on the pipe

It follows from the results that MSD at the point x, is
less than the MSD at the point x,. Therefore, in subsequent
studies, the leakage signal will be read only at the point x,.

The modeling results were converted into time param-
eters: sampling rate of ADA-1406 LT is 350 kHz. Acoustic
signal sampling step:

1 1

Aty=—=—
T f350-10°

=2.8 (us).

Time delay of the signals is determined by taking into
account the shift and location of the piezoelectric accelerom-
eters along the pipe diameter:

At=n-At,,

where 7 is the sampling number.

The shift occurs until the delay time of the acoustic sig-
nal is shortest. At the same time, the accelerometer should
not be on the same line with the fluid leakage point.

Therefore, depending on the sample number, step of the
acoustic signal sampling was 28 ps when 7n=10; 56 us when
n=20; 84 pus when n=30; 112 us when n=40; 140 us when
n=50; 168 us when 7=60 and 196 us when n=70.

The following formula was used to calculate the distance
between a possible fluid leak location and the center C be-
tween EAT1 and EAT2:

Al V-At
5= )
where Vis the speed of sound in a metal pipe; V=5,000 m/s.
Distance between the piezoelectric accelerometers was
L=1 m and the distance from the center O was 0.5 m.

Therefore, depending on the sample number, distance be-
tween the possible leakage site and the center point between
the piezoelectric accelerometers is 0.07 m at n=10; 0.14 m at
7n=20; 0.21 m at »=30; 0.28 m at n=40; 0.35 m at #=50; 0.42 m
at n=60; 0.49 m at n=70. The calculated accuracy is approxi-
mately 1 cm, which is an order higher than in existing systems.

Thus, it is necessary to derive a rule of determining
acoustic signals of a pipeline leak based on the physics of
such signals and their mathematical model in order to mini-
mize the error of signal missing.

Measurementerrorsarethemainqualitycharacteristic[9].
Fig. 6 presents a structured graphical representation of a set
of factors in a form of Ishikawa diagram affecting the passage
of fluid flow in a pipeline.

a0

~

& (0

Fig. 6. Ishikawa diagram

Thus, the following factors influence the time of passage
of fluid flow in a pipeline:

— [ distance between the piezoelectric accelerometer and
the fluid leakage location;

— L: distance between two piezoelectric accelerometers;

— H: pipe wall thickness;

— v: speed of the leakage signal passage along the pipe;

—acoustic signals & (¢) and &,(¢), read from piezoelec-
tric accelerometers;

—bit size of the LT.

Since the model experiment was conducted in the study,
i. e. random variables distributed according to the Gaussian
distribution law were used, it is necessary to check the data
for correctness and validity.

The modeling results obtained in the study were checked
according to Pearson’s criterion of consistency [8]. It was
found that the distribution of random quantities in the array
obeys the Gaussian law of distribution indicating the validi-
ty of the modeling results, Fig. 7.

0.5

AN

Density

36 38 40 42 44- n

Fig. 7. Pearson’s consistency criterion: a — histogram of
density of distribution of an array of random quantities;
b — Gaussian law of distribution

It was established by corresponding calculations that the
value of the Xi-square criterion at the level of significance
o=0.05 was 447.17 and the tabular value of the criterion
was 500.

Based on the calculated data, a conclusion can be
drawn that x2 <y>, at a=0.05, that is, the hypothesis Hy
is accepted. This means that the hypothesis at this level
of significance does not contradict the assumed type of
distribution which indicates the validity of the modeling
results.

Therefore, analysis of the modeling results according to
Pearson’s criterion of consistency, distribution of random
quantities in the array obeys the Gaussian law of distribution
which confirms the validity of the modeling results.



7. Discussion of results obtained in modeling the
detection of acoustic signals of leakage

Leak detection tasks do not lose their relevance all over
the world. Considering the variety of such methods, this study
proposes a universal mathematical model of a noise signal
that can be used for mathematical and computer modeling as
a three-component vector random process (3). Its versatility
consists in that one can use not all components of a random
process simultaneously. For different signal models, the three
components can be combined in different ways: they can be
added, subtracted, multiplied, etc. For this purpose, an indica-
tor function was introduced into the mathematical model. The
universal mathematical model was tested in a computer exper-
iment. The experiment results are presented in Fig. 4, which
illustrates the operation of the indicator function. To find the
coordinate of the leakage location, a calculation formula (4) was
proposed. It makes it possible to determine the leakage location
both on the pipe circumference and the axis. The model was
tested for adequacy by statistical methods (Fig. 7).

The universal mathematical model and the developed
software can be used for other methods of leak detection
using two signal receivers of any physical nature.

The study limitation consists in the fact that it is not
always possible to install an accelerometer on a pipeline as
there may be no access to the pipe. Therefore, pipelines can
be diagnosed in the future by using means of technical test-
ing another type, for example, probes, not accelerometers.

One of the ways to further development of the proposed
model is the use of a single transducer to detect leak loca-
tions since all current methods use at least two receivers
installed around the intended leakage location [1—11].

The results obtained can be used for technical diagnos-
tics to reduce the cost of pipeline repair and restoration by
identifying damage locations.

8. Conclusions

1. An indicator function was included in the acoustic
leakage method using ICE. The indicator function makes
it possible to select the desired component from the noise
signal: a stationary linear random process, a harmonized
process or approximating functions of the measurement data
in realizing the random quantity &(¢,).

2. A computer experiment was realized to confirm the
model performance. By means of the indicator function used
in the mathematical model, a component necessary for this
task was selected. In the studies, the signal amplitude was
chosen as this component. The sample number was deter-
mined by the peak value of the amplitude and, as a conse-
quence, the location of the pipeline damage. The proposed
model was tested for Pearson’s criterion of consistency.
Calculations have determined that the value of the Xi-square
criterion was 447.17 at the significance level o0=0.05 with a
table value of 500 which thus confirming the model adequacy.

3. Depending on the sample number, a formula for cal-
culating the leakage location on both the pipeline diameter
and the axis was developed. The formula includes distance
between accelerometers, speed of the fluid flowing through
the pipe, time of delay of the signal containing the sample
number. The estimated accuracy was approximately 1 cm
which is an order of magnitude higher than in existing
systems.
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