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Abstract

Linear mathematical model of gas flow in the main pipe-line is considered. The
method of disclosing the location of accidental gas escape from the complicated main
with non-stationary gas flow and determining the intensity of the escape is described
and appropriate formulas are received

The efficiency of the presented method is illustrated on a test example .
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The solution of the problem of disclosing the location of an accidental
gas escape from the main pipe-line is known not only for simple pipe-line [1]
but also for the complicated one [2] with stationary flow. The problem (with
determining the intensity of the escape) is solved also with non-stationary
flow for simple pipe-line [3]. In the presented work off-shoots from the main
pipe-line are taken into account.

Distribution of the gas pressure along the main u = u(z,t) is described
by the following equation

ou  ,Pu & .
priak @—F;M;ﬂd(:ﬂ—xk)—l—qé(x—x Jo(t—ty), O0<z<L t>0 (1)

where a? = const > 0,m is number of off-shoots, M (k = 1,m)- expenses
of gas in the off-shoots, x,(k = 1, m)-coordinates of points of off-shoots,
g-coordinate of the point of escape, tp- the moment of the begining of the
escape, d(.)-Dirac function, §(.)-Heaviside function [1], L- the length of the
main z* is considered the point of off-shoot.
With equation (1) let us consider the following initial and boundary
conditions:
u(z,0) =Q(x), 0<z<L, (2)
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)
6—z:g1 =0, t>0, (3)
)
a—?;:gg r=1L t>0, (4)

where Q(x) is the initial distribution of pressure, which can be represented

in the following form:
S—R

Q) =22+ R

Here R and S (R > S) are gas pressures at the begining and ending of
the main, respectively, at the initial moment.

Sought for values are: coordinate of the escape location x* and intensity
of the escape ¢q. Therefore two additional conditions are needed. For this
purpose we will use the values R an S received by measuring pressure at
the begining and ending of the main at moment of time 7"

u(0,T) = R, (5)

u(L,T) =S. (6)

It is known [4] that the solution of the problem (1)-(4) can be represented
by the following formula:

u(z,t) = /t/LG(x,g,t — T)w(&, T)dédr, (7)

where G is Green function

2.2_2
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Z

Here

w(z,t) = Q(x)é(t)—a25(x)gl+a2(5(L—x)gg+Z Myd(x—xy)+qo (z—x")o (t—1o).

k=1

Taking into account the last equality, formula (7) will have the following
form:

L t t

u:/G(Lf,t)Q(f)df—azgl/G(:B,O,t—T)d7'+a292/G(93,L,t—T)dT

0 0 0

t

00 t
+ZMk/G($,$k,t—T)dT—l—(]/G(:B,$*,t—T)dT (8)
k=1 9

to
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If we retain only the first item in the expression of Green function, taking
into account formula (8), equalities (5),(6) will be rewritten as follows:

R:ﬁ(l—e ( to))COSL t— 47 T—i—F(l—e )
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where P = a7/
Equalities (9) and (10) form the system of equations with two unkown
values:z* and ¢. Summing up these equations item by item we will have:

— = 2T—ty) 2a°T 2T &
R+8==—F"2q-— (gl—gg)—l-R—l—S—I—T;Mk
From this
L(R+S—R—8)+2a*T (g1 — g2) — 2T Y. M,
= LI (11)

2(T = to)

In order to calculate x*, equations (9) or (10) might be used. In partic-
ular, from equation (10) we will have:

L 1 LP
¥ = —arccos {2q(1 — ) {P(T —to)q + T(R +.9)

™

— 4LP(R-S =
—LPS + %a” +PTY " My + Pa*T(g2 — g1)
m
k=1
+2 ( a*gy + a’gs — ZMkcosm’“ (1—e P (12)
k=1 L 7

where ¢ is determined by formula (11).



18 Devdariani G., Gubelidze G.

To illustrate the presented method, let us consider a problem, the solu-
tion of which is known beforehand. Suppose, the endings of the pipe-line
are closed.

g1=91=0 (13)

and initial pressure is the same along the pipe-line:
S =R. (14)

Also, let us assume,that there are two off-shoots at points located at the
equal distance from the begining and ending of the main:

1 3
=-L =-L 1
n=h Ta=g (15)
and with equal intensity:

Apart from the above said, suppose at a 17" moment if time, after mea-
suring pressure, it was found that pressures at the begining and ending of
the main are the same:

S=T. (17)

It is obvious that under such conditions the place of gas escape will
be the middle point of the main. Indeed, taking into account (13)-(17) in
formulas (11),(12) we will have:

_ 2L(R—R) —4TM

= 18
! 2(T" — to) 7 (18)
L T—t _
x* = —arccos — 0 [PL(R —R)
™ [2L(R — R) — ATM] (1 — e~ P(T-t0))
~2PTM + LPR — LPR+2PTM — 2M(cos T + cosi’%) (1- epT)] }
L T — to
= —arccos — -0
™ [2L(R — R) — ATM] (1 — e=P(T-10))
L L m L

= —arccosQ = — - — = —.
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