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Introduction

Analyses of a reliability of the main gas pipeline’s exploitation has shown high probability of the main gas pipeline’s some
sections damage and gas leakage and as a result the gas pressure and expenditure alteration when non-stationary processes are in
progress[1-3]. After some time gas leakage (under some conditions), it is possible establishment a new stationary state of gas
movement in the pipelines has stationary character. That is way it is necessary to study as a non-stationary stage as well the sta-
tionary stage of gas movement in the pipelines having gas escape in the some sections of the main gas pipeline[1-2].

In this article we study only large-scale gas leakage problem from the main gas pipeline and we consider this question as a
reverse task of hydraulic calculation problem.

Statement of the Problem

There are many scientific articles denoted to the problem of gas leakage problem from the main gas pipeline[4-9]. It is known
analytical method of determination a large-scale gas escape location on the simple section of main gas pipeline [1], using data of
the gas pressures and expenditure at the entrance and ending of the gas pipeline. But this method cannot be used for main gas
pipelines with several sections and branches if previously would not be discovered the location of the section with gas escape.
The method offered by us is devoid from this default.

So the problem can be formulated as follows: In the complex main gas pipeline with several branches and sections first of all
the placement of the section having accidental gas escape is determined using minimal information (data of the gas pressures and
expenditure at the main gas pipeline’s entrance and ending points before and after gas escape) and then defined location of the
accidental gas escape in the determined section of main pipeline.

Thus suppose that there is a complex main gas pipeline having N —1off-shots, with expenses q, (k1,n —1)and the pipe-
line is divided by off-shots on n simple sections with length L, (k= ].,_n) If at the entrance of pipeline gas expanses in unit
of timeis M o then at the entrance of the per simple sections the gas expanses are calculated in the following way

M, =M, , M, =M, -0q,, k=(2,n),

where numbering is performed from the beginning of the pipeline to the ending.
As it is known in case of gas stationary movement in the horizontal gas pipeline exist the following equality [1]:

n
Plz_PzzzszZ,BkLw (1)
k=1
A LRT _ _ o
where ,Bk =—5—.P1 and P2 are values of the pressures at the entrance and at the ending of the main gas pipe-line, respec-
k Mk

tively; Mk- are expenses of gas in the unit area of pipe-line for unit time in the branches; Lk- are lengths of simple section k of
the main pipe-line; Z is a coefficient expressing deviation of natural gas from ideal gas; A, is a hydraulic resistance of a gas; T is
an absolute temperature; R is a gas constant; Dk are diameters of pipelines; Fk are areas of branches profile sections.

Suppose that at the entrance of the main gas pipeline in the unit of time through pipe passes M o Mmass of gas, and at the

ending of pipeline instant of gas mass Mn expenditure of gasis Mn —Q , which indicates that gas with mass Q s loosen,

although the consumers (users) are getting the same mass of gas , (K =m.) which is conditioned by gas distributive
stations (service management).

Let us suppose that gas leakage is placed on the section i and gas escape is located on the distance X (0 < X< Ll) from
the entrance of the section 1 . Also we suppose that accidental gas escape represents additional ramification of the main gas
pipeline with expenditure Q . It is evidence that expenditure of gas is remained the same in the ramifications located before the

section i but after the section i instead of expenditure M, it willbe M, — Q>0 (k= 1,_n) In analogously of the right

side of the equation (1) let us initiate the following functions f,(X):

n

f,()=>[M, —QFB.L, +Q[2M, -Q]Bx, (0<x=<L,)’

k=1
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f,(x) = ZM BL, +ZM -QF p.L, +Q[2M, -Q]s.x>

ie(23A,n-1). (0<x<L,):;

n-1
MkzﬂkLk-I—[Mn_Q]zﬁnLn-l-Q[ZMn_Q]ﬂnxl (0<XSLn)'
k=1
—2 —2
Let us assume that after gas escape P1 and P2 are values of the gas pressures, at the entrance and ending of main pipeline,

respectively (which are obtained by the measuring instruments).
Therefore, analogously of the equation (1) we have:

—2 —2
Pi —P2 = f,(x). 2)
So for detection of the section of accidental gas escape and the point of gas escape in this section we have the following
mathematical model (algorithm): first of all it is required to search such kind value i, from the sequence i= {1,2,1\ ,n} and

then the value of the X from the interval [O, l. J which will satisfy the equation (2).

Theoretical investigation of the setting problem
For convenience here and further we are defining some properties of the above mentioned function fl(X) :

1. Everyfunction f,(X) (i=1n) represents linear increasing functions of X forasmuch as

Q2m, -QJs, >0, (i :]-’_n)
2. The following equalitiesg correctness:
fia(Liz) = £:(0), (i =2, n)-

Indeed, let us consider the cases when | =1,2 separately.
We will get:

fl(Ll) = Zn:(Mk _Q)zﬁk Ly +Q[2M1 _Q]ﬂll‘l'
k=1

f,(00=M}BL, +2 Y B.L, =

—z ,Bkl— +M ﬂl 1 (Ml_Q)zﬂlle

= n (Mk _Q)zﬂk Ly +Q(2M1 _Q)ﬁ1|-1 = f (L)

k=1
When i=3,4,A ,n—1 then
f.,l(L.,l)=§MZﬁkL + (M -QP AL+ QM. - Q)AL -

-1

_Z ﬂkl— +Z(M 7Q)2ﬁk|— 7M| 1ﬁ| 1 |1

k=:

+(M Q)Zﬂi—lLi—l +Q(2M1 _Q)ﬁi—lLi—l =
:ZMkﬂkLk + "Z(Mk _Q)Zﬂkl—k = f,(0).
k=1 o1

When i =N we have

The last fully proofs proper 2.
Now arrange (on the axis) the segments with length Li, i =(1,n) step by step exactly in such a way that right tail-end point of

the segment i-1 and left tail-end point of the segment i will be coincide with each other.
Let us define function fi (X) on the each segment i in such a way, that beginning of the calculation for the argument x will

x

be the left point of the segment i . In such a way arranged functions fi (X) represent continuous, sectional increasing linear

functions.
From physical point of view above mentioned properties of the functions fl(X) means that the more is distance of the loca-

tion of the accidental gas escape from the begging of the main gas pipeline, the bigger difference between the values of pres-
sures’ squares. Moreover this difference continuously defends on the distance in which the accidental gas escape is located from
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the begging point of the main gas pipeline. Using properties of the functions fi (X) it is possible to construct algorithm which

gives possibility to find such kind values of i0 and x which will satisfy equation (2).

For achievement of this aim first of all it is necessary to cheek up endings of branches. If for any value of i0 from i the
equality

—2 —2
(L, )=Pi -P2,

is true, then gas accidental escape is located at the simple endings sections of the main pipeline. If the equality is not ful-
filled for any value of i, then extracting the values of i from the sequence i=1,2,..n, it will be possible to find the least value of i0
which will satisfy the following inequality

—2 —2
f (L, )> P -Pa.
In that case gas accidental escape is located within the section i0. If such kind inequality is not fulfilled for any values of i0

from the sequence i=1,2,..n-1, then gas accidental escape is located on the last simple ending section numbered by n. In that case
the following inequality will be true

—2 —2 .
f(L,)<P:i—P2, andi,=n.
Afterwards it is emplaced the location (number of the section i0) of the gas accidental escape the appropriate distance x can

—2 —2
be defined by the solution of the following equation fio (X) =P; —Pa.

Namely if we have i0=1 then
n

X = {512 ~P2- Y (M, -Q) A, LJI[Q(ZM1 — Q)3 ]1f fulfilled the following inequality 2 <i, <n—1 then
k=i-1
ip-L

X =[Pf B -SMIAL - Y (M, -Qf A Lk]/[Q(ZMiG ~QJ8, Jand at tast if io=n, then

—_ —_ i07]‘
X {Pf P, —ZMkzﬁk L -(M,-Q) 4, Lk]/[Q(ZMn -Q)B8,]  We have realized the algorithm. The calculations have been per-
L

formed for the data taking from the several experiments. The results of calculations shown, that suggested model is available to
define with high probability of the main gas pipeline’s some sections damage and gas leakage and as a result the gas pressure and
expenditure alteration when stationary process is in progress.
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In this paper a mathematical model (an algorithm) defining a placement of a section having gas accidental escape in complex
main gas pipeline with several sections and branches is suggested. The algorithm does not required knowledge of corresponding
initial hydraulic parameters at entrance and ending points of each sections of pipeline (receiving of this information is rather
difficult without using telemetric informational system). The algorithm is based on mathematical model describing gas station-
ary movement in the simple gas pipeline and upon some results followed from that analytical solution and computing calcula-
tions.
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MaremaTtnueckoe MopaenupoBanue Heopaunapuoro Teuenuss I'aza B TI'taBHom T'azomposope/T.daButamBuim,
N.Camxapamze I'. T'y6emunsze/.C6. TpymoB Uucturyta ['mapomereoposioruu I'pysuHckoro TexHuueckoro YHHBEpPCUTETa
I'py3un. —2011. — 1.117. — c. 162-165. — Anr .; Pes. I'py3., Anr.,Pyc.

B sT0li cTathe mpensoraeThcs MareMaTudeckas MOoelb (aITOPUTM) Ui ONpeAeSieHUS MECTOHAXOXACHHUS CEKIIUH, UMEoIen
YTEUKy ra3a B CJIOKHOM TJIABHOM Ta30IlpOBOJE C HECKOIBKMMH CEKIMSAMHU M BETBIMHU. AJITOPUTM HE TpeOyeT 3HaHUSI COOTBET-
CTBYIOIMX HAyaJIbHBIX FHJPABIMYECKUX MApAaMETPOB B HAYAIbHBIX U B KOHEYHBIX MYHKTaX KaIOH CeKUMU TpybonpoBoaa (1o-
Jy4eHHe 3TOi MH(POPMaIHH SBISETCS TOBOJILHO CIIOKHBIM, 0€3 HCIOJIb30BaHUs TEIEMETPHIECKOW NHPOPMAIIMOHHON CHCTEMBI).
AJNTOPUTM OCHOBaH, HA MAaTEMAaTHYECKOW MOJEIH ONHCHIBAIONICH CTAIlMOHAPHHOE IBIKCHHE Ta3a B CIIOKHOM Ta30IpoOBOJIE, HA
AHATUTHYECKOM PEUICHUH ypaBHEHUH OIMCHIBAIOMIMX CTAllMOHAPHHOE IBIDKEHHE ra3a M Ha pe3ylbTaTOB HEKOTOPHIX BBIUHCIIE-
HUH.
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