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Abstract

A mathematical model of viscous fluid flow in thgpeline with the presence of leaks due to theirasarfwhich is bas
on a system of Navier—Stokes equations in divoensional rectangular region with a special tgpdoundary conditions h
been designed. The geometric configuration of #aédge zom is taken into the account. It is believed thatfthid motion i
under the influence of constant length of presslifference. For the solving of this system, the stioal method of finit
differences was developed by which the finite défeces scheme is realizedhe first step is implicit in longitudinal coordite
and the second en the transversal. The study on the stabilitthefspectral features method, stability conditiaresestablishe
for the case of flow calculation with specifiedrameters and for the given type of the pipeliramgetry. The calculations we
made for a wide class of boundary conditions tetdtdished the patterns of distribution of velastin different configuratiol
and leakage areas in their absence, it fwaad that conspicuous effects of leaking occuiintghe area around the pipe we
The pattern of deviations from symmetry of theriisition of valuef the longitudinal component was establishe, jtetiels o
the distance of the leak, of the sgeleange of the zone near the pipe wall, it alsceddp on the leakage intensity and
estimated parameters of the grid. It was set thathiehavior of the flow in the zone near the wétkrathe longitudine
component derivative turned zero. The resohn be used in designing the localization oflsaildeaks from different areas
leakage configuration, the indicated technique &so be used in the study of utility and processngi in many differer
industries. It was found that the developedthod adequately describes the phenomenon. Dimedor further research are
follows: identification of dependencies differeninds of liquids, piping specifications, configurati leakage areas &
exploration of the case for more complex dependsnmiessure on the coordinates of the investigatad
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Introduction impossible or can be made only in approximate form
and size of the area in which the researches edué
In the study of actual piping systems, one of theonstruction of difference schemes with fixed
most important issues of control of their technicgbarameters of the significant volume calculatioetsn
condition is to detect small leaks of productd-or a long time, this problem could not be resoldeéd
transported, as they cause substantial econonmsedosto the limited capabilities of the computer systems
and threats to the environment. This problem isexbl Modern computing capabilities allow the
by experimental methods [1-7]; however, a significa implementation of sophisticated mathematical models
interest lies in the question of the use of mathimla that use a system of Navier—Stokes equations i sol
methods for modeling of these processes. Thepeactical problems for engineering systems [10,. 11]
methods make it possible to explore a wide class @he actual problem of estimating parameters of the
phenomena and processes, which are accompaniedfloy, the universality of mathematical models, and
small leakage products. In some cases [8, 9], it models of viscous fluid flow in particular allows t
possible to obtain analytical solutions to the pgobof apply them not only to study of the type of trunk
fluid flow in the regions with different geometric pipeline systems, which is the main part of theppsed
configurations, but in most practical problems,idt article, but also for diagnosing the origins of
necessary to use numerical methods for solving thechnological pipelines for different purposes used
issues of such kind. This is because the real teghn cars, reactors, utilities, etc. In this paper, rinedel for
systems have a complex spatial configuration, d®ho flow in a pipe leaking product is constructed, whic
correct formulation of boundary conditions is eitheincludes a system of equations, boundary conditioris
the special conditions for the variation of presswand
difference scheme for this system is implementbd, t
computational algorithm is build that examines the
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Simulation of the Viscous Fluid Flow in the Boundary conditionslt is believed that the current
Pipe under the Steady Pressure Drop area — rectangle, generally speaking, is of irdinit
length — thus, the cylindrical pipe is modeled;—
The system of Navier—Stokes equations in primitivengitudinal coordinatey — transverse, in fact, along the
variables.When modeling the flow of a viscous fluid pipe diameter:

through pipes in the general formulation, the systé ky  kRy
Navier—Stokes equations in a cylindrical coordinate w0 —4— +—;
system is used [8]: hou
%+0DU —ﬁ: u‘y=02u| VZZR:O;
ot "o _ L 4
10p v, 20U 0o = 0],-0=0;
— r ]
__Ear +V(A F_F_FW]' :{O,xsxl,xz %;
V] yER Vleak ,XD[)& !)g]!
6_t¢+UDU(p +FT¢: where [x,x] is the piece of leakage, arbitrary
19 2 v 1) configuration of leaks zones in length and intgnsit
:———p+V(AU¢ ——i’ +—2—fj; sources is possiblgy is the dynamic viscosity of the
pr oo rr-oo product transportedR is the pipe radiusyp is the
ou, +ol _1op VAL product density. It is believed that wher= 0, the flow
ot VLU, = Dor vav, of fluid through the pipe is accurately describgdtibe
19rv. 10U, du Poiseuille flow model [8];v =p/p is the kinematic
ET+?6_;+EZ =0, viscosity; V., is the rate of fluid leakage through the
pipe surface.
where Of =irﬂ+i¢l£+izﬂ,
0 rop "oz Difference Schemes for the Navier-Stokes System
2 2 of Equations
Af :li[rﬂj+_126_r2+6 f2 — accordingly is the a
ror\ or r<op- oz

The solution of (2) with boundary conditions (3) is

operator gradient and operator Laplacian in g tormeq by the method of finite differences, vweher
cylindrical coordinate system. The system (1) ca&n B, size is selected.

written in a simpler form by the following assunquts:
from a three-dimensional cylindrical coordinate
system (1) a transition to a two-dimensional Céates

Ax — step in longitudinal coordinate,
Ay — step in transverse coordinate.

system — one of the coordinates is chosen accotding, 10 replace their original ~counterparts, —the
the pipe length, and the other — according touits ¢ following difference-based dependencies are us2t [1
the behavior of the flow in a rectangular region in 6_u _ u;‘fl -un @ _ U"njl—u':n_
the presence of defects is studied; they are modede ax  Ax = 9x  Ax
zones of leakage through the surface of the pipe; U u™lou™ gy u™i—p™t
a three-dimensional effects are not taken into the — =—mt —mL = — - —ml _—ml,
account — similar to Poiseuille flow, and the tians oy 20y oy 2hy 5)
nature of the process is not taken into the accasnt 9%y _u™ -2ul+u" 9% _uT'-20"+u""
el In this case, the system of Navier—Stokes equations o o oo ax |
' - 2 n+l _ o N n-1 2 ml_ n 1
is written in the following form: 6_2 :Lurfum' gv :M’
ou_ ou_ 1ap. (d%u_o’u) o By oy’ Ay
U&*' Ua— = ——E(*'V AL difference analogues are used (4) to the systepth@)
y P y following difference equation analogues are reative
2 2 ntl _ n ml_ el
u@+u@:—l@+v ﬂ+ﬂ : (2) u” Up, I"Im_‘_Un Up uml:
x 0oy pady (oX o0y ™A " 20y
@4.@:0_ :—}k+v u:1+1_2upn+u:1_l +V U::-ZU?;LF u‘r;i .
o0X 6y p 2 Ayz '
It is believed that the pressure along the lendth o Sumopn ™™ 6
the pipe varies linearly: Un, Ax U, 21y = (6)
p=p,—kx, (3) 10p O™ 2" 4™t LML — iyl
wherek is the coefficient of pressure drop. The method- ———+v[ m mm j+v{ . o mlj;
of solving the Navier—Stokes equations, which isdus P AxX by’
in the implementation of the components of the cigjo - -y
vector is called the method of solution using ptivei A~ 20y

variables [10].
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With the aim of takig into the account all of the Taking into account the standard assumption about
system equations after the pressure value is diyg€8) linearness of dependence between the components
and is a known as a function of the Iongitudina!11

) ) . “and u_ we receive:
coordinate, the third equation of system (6) is m

substituted into the second one, and then it agsjtire Upny = Kyl + Ly
following form: d,KnUp,+ d Lo+ e u+ fu, = by
2 Un ~Up o Un - UG f b,—d, L
u -0 = —_ m m m—m.
" AX ™ 2AX u, = d km+ e um+1+ d km+ em' (10)
10p [U;‘”—Zu"m+u”m’lj [U':*ll—ZUTn1+U"r;ij i f " mb —dL
=———+4V +V . - _ m . L — “m m-—m
p oy AX Ay Kper = dkr“+e' w:l_dkm-‘- Qn.

For the receipt of the system solving (6) with
boundary terms (3) the sweep method was twice

Equation of the system (6) is written as a systém (r)eahzed, thus, the form of record of boundary tiim

equations with a three diagonal matrix, that alldtes Mdicated, which allows to take into account the

L . . localization of places of liquidsource. It is alledvto
application of the sweep method for its decisic?j{1 define direct anF:j reverse S\?veep motiom ahdv on the

T _U_nm_L e U_&_L+& + layer of n+l, and after the_\ proper reassignment of
20y Y Ax AX Ay values on layers an algorithm repeats oneself. The
2 amount of steps of iterative process is determinethe
N AV 1 (Um) urt-2ut firmness of iterative procedure and necessity oiftrab
m -_= k+ +V m :

Realization of Computational Algorithm

i

22y &) p A AR of area of pipeline of the set length.
vt __v +ymt U_;_L+ﬂ + Investigation of the Stability of the Difference
Ly? Ax AX AY Scheme
+om v :_1@4_(“:1)(%)4_ ) The _invest_igation of the stability of differ_ence
™ Ay? p dy AX schemes is carried out by the spectral featuréabilgy
o . w1 o [12]. Since the first two equations (6) are almost
+y| Om -20, +on | Ym "YU identical, the stability of investigation is cadieut only
DX " Ax for the first equation. The peculiarity of the spat
The coefficients of the system of equations with fatures is that the system of Navier—Stokes eousti
three diagonal matrix are written in the followingy: ~ are non-linear, so it is necessary to use the iptmof
for componentu: frozen coefficients, whereby the coefficients ofe th
n n system (6) must be constant. With the implememtatio
1 U, Vv . u, Vv AV -
d,=s- -—— =8 =Dt of the method of frozen coefficients, the componeht
20y A Ax AX DAY o _
] is written as:
et v, © =N )
2y Ay The condition of stability of difference schemes
1, (uy urt—2u" can be written as:
bl =——k+ m +Vv m m :
"T o X [ AX Al<1.
for componentu : For the first equation of (5):
v ooV v o Un —Un . o Uny~ Ups
dZ:__; é—l:_m___'__; f2:_—; um AX +Um ZA =
A M AC AY " AY y
n+l _ n -1 nml_ 1 1
) 1ap (U;)(U:ﬂ) Unm_l—ZU:ﬂ =v U, 2um+um +V Uny ZUr; + urr‘:al '
by =-———-+ +v + NS Ay?
p oy Ax AX _ _ _
) (9) introducing the notation:
upt = ur n
+U;[MJ- Bx_ W =U=Am=y=pL=(C (12
AX Ny P Un 2 AX (12)

It is necessary to keep the information about g . studied equation takes the form:

value and on two layers on a co-ordinaten—1 and n i 1 1\ _

value of speeds on a layer+1 are in the process of A(um - um)+ BF( o q:rl) B
solving the problem. For the record of task, arrlogad :C(U:nﬂ —2u + u‘n‘:l)+ p2( -2+ Lﬁ;i)
index is cast aside in more compact form, whereupon

Introduction of the characteristic values (12) o
the selection of such parameters as computatiamné| g

re that provide the resistance of computational schéme
the view of (11) and Euler’s formula:

We receive:
dmum—l + emum+ fmuml = b
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€ = cosh + isinp characteristics of pressure drop -
K =0.064- Q 09¢;

step on the longitudinal coordinate — 0.08 m;

step on the longitudinal coordinate — 0.025 m,
(13)  which corresponds to 1.25 m diameter pipe at 5@robn
points along the transverse coordinate;

number of steps along the longitudinal coordinate —

e?OOOO, allowing the calculation of the velocityldidor
a pipe length of 5.6 km in increments of 8 cm.

derived by:
A(N?=2)-2Bp\? ising =
=C(NM-22+1)-4 2)\Zsin29 .
( )= 4p°A* sir 2

The equation (13) is a quadratic one with th
complex coefficients. Its roots are determined bg t

relations:

A—2C+\/A2 -8BCpisip+ 4 Cp siﬁg Results, Discussion, Feedback and Perspectives

A= 5. Y The method of ical solution of system (2)
_ Ce 20 e method of numerical solution of system

2 A-2Bpisinp- C+4 Slﬁz ) with  discontinuous boundary conditions (3) is
o implemented as a set of programs for the PC, the

A—2C—\/A2 -8BCpisip+ 4 Cp sih- complex calculations are conducted, which revettied
A, = . (15) following features of the simulated process and its

2(A-2Bpising- C+4p Siﬁg ) numerical implementation:
2

the calculation of the velocity field in the pipedi
In general, the test conditionB,|<1, [A,/<1 without defects, the transverse velocity componient
requires finding the valueRe\,, Ré\,, I, Im, absent, and the flow of fluid in the pipe .is chaaeai(zed
_ o by one velocity component — the longitudinal ore. |
and testing conditions: Fig. 1, the dependence of the maximum and average
\/(Rekl)z +(1m,)7 <1 flow velocity of the liquid in the tube in the albse of
(16) defects is demonstrated.

J(Re, ) +(1mh,) <1,

requiring complex mathematical calculations. Howeve
in this case, the study of the conditions (16)dsied £ “t+—s—u o . , | =
out taking into account the characteristics ofghacess 2z 8
variables, namely: § 6
B=0, C=10°, A=1 (17) o N

From the equation (14) and inequality (16) in sucl 2| i et b

assumptions the following inequality implies: 0 ‘ ‘ ‘ ‘ ‘
(16-€) p® + 64p* = 0. (18) 0 1 2 3 4 5 6
and from (15), (16) we receive: Length of pipe, km
-1+ sz <1+ 8p2' (19) —e— maximum welocity — -=— — average \elocity

wherease =10°. It is obvious that these inequalities Figure 1 — Maximum and average velocity
are performed for all values. For large values of  fluid distribution along the pipeline length
leakage, rate difference scheme requires specidy,s without defect

not only in terms of the stability calculation; i

necessary to check the adequacy of the same model The received numerical solution of the problem
(2)—(3) and its relevance to the physical pictui¢he differs from the classical result of solving thedeaille
process. While solving the current problems of thtask, because in solving the problem of Poisediidie,
research for which the following conditions takeqa it is considered that the velocity profile is ineéeplent
(17), (18) and (19), the estimated net parametegs &f the longitudinal coordinate. The obtained numedri
chosen with the requirements of the accuracy dfsults of the system solution (2) with boundary

calculations conditions (3) show that the value of the velocity
depends on the longitudinal coordinate that cooedp
Numerical Characteristics of the Process to the real situation of technology — the valuettod

pressure in the pipeline and, consequently, the
Simulation of the flow in the pipeline with defectsmagnitude of velocity decreasing the length ofttitee;
through whichthe outflow of fluid is conducted fthre it necessitates pumping and compressor statiortiseat
following flowparameters, the pipe geometry, praigsr Sites of such type. In Fig. 2, the dependence ef th
of liquids and gases, the linear pressure dropgathe length of the pipe in the parietal area is demotesta-

length of pipe: it changes the coordinate more intensively compéoed
the average fluid velocity in the pipeline — 2.&m/ the maximum and average speeds, the presence of
typical small leakage rate — up to 50 cm/s; leakage flow pattern changes significantly.
dynamic viscosity of the fluid (water) — 0.001 kgic Table 1 shows the results of calculating
kinematic viscosity — 0.000001%fs; the longitudinal velocity components in the present

the defect — leakage of fluid from a pipe at theespof
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=1
@

Table 2 — The distribution of longitudinal velocity
components along the length of pipe in the presence
of the defect — source at 40 cm/s at points tha¢ we

=
~

3:22 selected in increments of 2.5 sm in diameter
2 04 Coordinate Lengh of the pipeline, km
= on the
02 | | | | | | peline g | 2 3| 4| 5| s
0 ) 5 5 . 5 R diameter, nj '
Lengh of Pipe, km O 0 O 0 0 0 0 O
Figure 2 — Velocity fluid distribution 0.125 | 3.443.24]3.04]2.83|2.63]2.43][2.31
on the near-wall area along the pipeline length 0.250 | 6.145.94/5.76/5.58/5.40[5.21|5.10
without defect 0.375 | 8.037.86|7.69|7.51|7.34/7.16]7.06
0.500 9.189.01|8.84|8.67|8.49| 8.32|8.22
Table 1 — The distribution of longitudinal velocity 0625 0519391922905/ 888/8.7118.61
components along the length of pipe in the presehce 0.750 0189011884/8671849/832/822
the defect — source at 10 cm/s at points that were 0875 1803786769 7517341716 706
selected in increments of 2.5 sm in diameter 1.000 61259415 761558/ 5.40 521510
Coordinate o 1.125 3.443.25|3.14|3.11|3.10| 3.09| 3.08
on the Lengh of the pipeline, km 1250 0 0 0 0 0 0 0
pipeline
diameter,| 0 1 2 3 4 5| 5.6 Fig. 3 demonstrates the results of calculating the
m maximum deviation from the symmetry of the velocity
0 0 0 0 0 0 0 o| distribution in the cross section along the lengftithe

0125 | 3.44324|3.04/2.83/2.63/ 243|231 Pipeline. It is established that noted deviation is
0'250 6.12 5'94 5.76 5.58 5'40 5'21 5'10 maximum, and, in this case the indicated maximum

0375 803786769 7511734 716! 7.06 appears at a distance of 1.3 km of the leak.

0.500 | 9.1§9.01|8.84|8.67|8.49|8.32| 8.22 ¢

0.625 | 9.579.39|9.22/9.05/8.88|8.71| 8.61 - /r\

0.750 | 9.1§9.01|8.84|8.67|8.49|8.32| 8.22 3 \\\‘

0.875 | 8.037.86|7.69|7.51|7.34|7.16|7.06 25 /

1.000 | 6.125.94|5.76|5.58|5.40(5.21|5.10 2
s/

N

—

1.125 | 3.443.24|3.05|2.84|2.68|2.49|2.38
1.250 0 0 0 0 0 0 0

Change of velocity, m/s

10 cm/s. It can be concluded that at the spee@ ofi/%,
the symmetry, although weakly but is broken, and o j 5 ) 4 s 6
applies only to the part of the parietal area deféthen Defect distance, km

leakage rate is of 1 cm/s, the velocity field (landinal
component) is almost symmetric, which limits the
detection of leaks in relation of using only matlatical
methods. When leakage rate is of 40 cm/s, the igloc
field (longitudinal component) essentially loses it
symmetry — these are the results of the calculdtian
are presented in Table 2. The parameters of es;{dna{
net impact on the simulation results, while inciegs
their quality painting process have not signifitant
changed, although quantitative characteristics lueva
rates — vary by 10-15%, which is acceptable duttireg
technical calculations. The parameters of estimatsd
— at the diameter of 0.025, 0.08 on longitudin
coordinate, the calculation were adopted as optimal
firstly, they can satisfy the stability conditior{$8)—
(19), and secondly, with the obtained results taree
well with known theoretical propositions. It shoube

Figure 3 — Deviations from Symmetry Longitudinal
Velocity Components Depending on the Distance
from the Leak

This can be used in the construction of engineering
echniques to identify the coordinates of leakdrin 4.
he results of calculation speed change in parsetd 4
km from the defect, depending on its intensity are
demonstrated, it was found that the leak rate
of 1 and 10 cm/s, the distribution of indicatedoedly is
a little different from the case of pipe flow the
a\fvithout any defects, while at the speeds of 40 5@d
cm/s, the significant (up to 3-5 m/s) velocity dgion
at the absence of defects are observed.

Fig. 5 shows the results of calculation of
longitudinal velocity fields along at the lengthppe of

noted that the implementation of 70,000 steps (I)({;n fodr C()jlcf)fgrent s:je?hs n Iongltu%lnzil_é:ot(_)rdlrmtﬂe;
iterative procedure design scheme remains stahkk, ai atn'd .t' rln and the pressure distrioutiorepa
the specified number of iterations is not the ljnmit almost identical.

; : The flow model (2), (3) allows to simulate the flow
fact, the calculation of the model with no leaksrkgo . : o
with further increase in the number of iterations. with the defects located in the opposite sidesieftube

to its diameter, and the influence of defects reed
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only in a small parietal area near the leak. Theleho

allows to study the peculiarities of the distrilonti of

velocity in the presence of defects, thus, it isnib that
the impact of the defect, regardless of the nunaiper

coordinates of the points of application altére

current configuration in a small neighborhood oé th

point source significantly.

Fig. 6 shows the results of simulations of fluid= ¢4 - ———

flow in a pipe after the value of the original |dtuglinal

velocity components along the vertical coordinass h
become zero (the condition of boundary layer sejosra

[11, 13)).

AT S O

Velocity, mis
w

0.95 1 1.05 465 1.15 1.2 1.25 1.3
Coordinate in diameter of parietal area, m

—e—defect is absent —=—leak 1 sm/s —a—leak 10 sm/s —«—leak 40 sm/s —— leak 50 sm/s

Figure 4 — Speed instability in the near-wall area
depending on the leakage rate

Velocity, m/s

Distance in diameter, m

—o—1km —8—2km —a— 3 km ——4 km

—%—5km —e—6 km —=—7 km

Velocity, m/s
@

Distance in diameter, m

b)
Figure 5 — Speed Instability in the Near-Wall Area
Depending on the Computational Grid on
Longitudinal Coordinate 0,08 m (a) and 0,05 m (b)

Velocity, m/s

Distance in diameter, m

Figure 6 — Speed Instability in the Near-wall Areaafter
the Point of Zero Longitudinal Velocity

In [14], the results of the boundary layer equation
for symmetric and axisymmetric flows in the vicinaf

the point whereas(;—u =0, the methods of constructing
y

solutions of the boundary layer to the point of
separation are offered, the cases of continuows dli@
indicated, it is proved that the solution of theshdary
layer equations may be extended at the point of
separation, but the physical meaning, in this cése,
lost. In the same paper, the effect of blowing and
selection across the border of the body that floimed
the position of separation are explored. Theseltesu
were confirmed in the calculations that were penied
by the model (2)—(3).

The calculation of the specified model stays stable

even after passing the point, WheregaLcjs: 0, however,
y

the physical content of the problem is lost: fol0@9
3000 steps of iterative procedure, the speed value
acquires physically unrealistic values only in aroa
parietal area; in fact, we can say that the seatfathe
pipe narrows through perturbation flow in parietata,
which can cause the occurrence of such negative
phenomena as water hammer, thread locking etc. [13]
With the implementation of the model (2)—(3) alltbé
necessary mathematical formalities are complet&it [1
the problem statement and the proof of its coresgn
sampling problem and study the stability of the
corresponding difference schemes, the choice of a
numerical method for solving, programming in a
suitable environment and analysis of the obtained
numerical results by comparing them with the other
experimental and theoretical results. However,
[11, 16-18], the basic requirement, which comes to
practical solutions of the problems in mechaniahésr
resistance to various perturbations: in this cass,the
presence of small leaks, which are the points of
discontinuity walls and flow transition point, wieas

u_
oy

For the stability analysis, it is important to know
the average characteristics, dimensionless parasnete

and numbers, with the achievement of which itdazit
values of the transition system are associated in a
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qualitatively different state, where the contentgh®e should use a diagnostic feature dimensionless peam
basic equations of the model is lost (for exampleg of Q ) i

the contents of the Navier—Stokes equations). \tih K = > — in the case of volumetric flow, parameter
implementation of the developed model, the follayvin teak
frequently asked questions raises: whether ibssible - Qs
to identify the critical parameters using numerical © VL

leak

methods in the study of physical process of losing,, through value:Q, — flow through area.
stability, provided that the characteristics oktprocess The direction,s Sof further research may include:

are unknown and most are determined by SOIVmsq(udying of the influence of parameters on theltesi

certain value problem, which means the loss afita difference scheme, the law of pressure change,igaiys
in numerical simulation is incorrect discrete peshl : ’ : pre: ge.qatly
and mechanical properties of liquid transported], tre

(implementation failure of the following conditions L : ) -
X determination of the relationship between the isityn
(16), (18), (19)) or a process that occurs in azed and magnitude of the leakage area of the steady flo

physical body (detachment of the boundary layetewa lculati t
hammer, the occurrence of turbulent effects)? Thi@ctiation parameters.
significantly concerns the results presented in Bjgd,
6. At the same time, in this case, these issueslsarbe

|_nte_rpr_eted as follows — how to se_parate the exgosu [1] Klyuev, VV (ed.) 2003,Non-Destructive Control
limits in (:_I'G?' (18), (19) of the physical and maoh:z_;ll and Diagnostics: DirectoryMashinostroenie, Moscow.
characteristics of the flow parameters and the_rmed [2] Allen & Trevor, J 1993Method and apparatus for
net? The answer to those questions require furth@stecting leaks in pipelines using cross-correlatio
research in the presence of leaks through the cgurfatechniquesyS Patent 5205173.

Another point, the attention should be paid to wgrthe [3] Yang, BW & Recane, M 2002attern matching for
simulation of fluid flow with the small leaks is @h real time leak detection and location in pipelinet§ Patent
organization of the results calculations outputasoto 6668619.

ensure their high information content; at the calibon [4] 'f:arStad’ JE & C;]remea”' .SZ 19??‘;‘1‘4@“3 and
of velocity fields along the length of the 6 mifgipeline  P'0CeSS for measuring the magnitude of lealéS Patent

. : e 5361636.
with the increments of 8 cm, it is necessary tecethe [5] Kupperman, DS & Spevak, L 199&gak locating

patterns of velocity distribution by using the dé&@m  icrophone, method and system for locating fluigkdein
the file capacity of 54 MB. Thus, the developmeht oOpipes US Patent 5349568.

— in case of loss through the are, —

References

techniques for identifying and eliminating reduntdan [6] Brodetsky, | & Savic,M.1993, ‘Leak monitoring
information is needed; it is important in practicabystem .for gas pipelines’Acoustics, Speech, and Signal
implementation techniques. Processingvol. 3, pp. 17-20.

[7] Brunone, B & Ferranteyl 2001, ‘Detecting leaks in
pressurised pipes by means of transied®)rnal of hydraulic
researchvol. 39, no. 4, pp. 1-6.

[8] Shkadov, VJ & Zapryanov, ZD 198¥jscous liquid
ersity Press, Moscow.

Conclusions

According to the results of the conducteq,,

simulation, the following conclusions can be drawn: [9] Shcherbakov, SG 1982roblems of oil and gas
The use of Navier—Stokes equations in the form @fipeline transportNedra, Moscow.

(2) with boundary conditions (4) allows to obtain a [10] Anderson, D, Tannehil, J & Pletcher, R 1990,

adequate physical model that can serve as a loagtssf Computational fluid and heaMir, Moscow.

construction of diagnostic algorithms of detectithg [11] Schlichting, G 1974Theory of the boundary layer

localization of small leaks in the pipeline. Theadition ~ Nauka, Moscow. _

(3) allows, on the one hand, to simplify the cadtinlg [12] Dyachenko, VF 1977, The basic concepts of

(éomputational mathematicllauka, Moscow.
[13] Charny, IA 1975nsteady motion of a real fluid in
the pipesNedra, Moscow.

algorithm; otherwise, the problem is reduced to th
Poiseuille task [10], it is necessary to set atiahi

approximation of the velocity field and the initial [14] Oleinik, OA & Samohin, VN 1997Mathematical
approximation of the pressure field, whereas, ii$ thmethods in the theory of the boundary lay&izmatlit,
case, it is necessary to specify only conditions (4 Moscow.

The used difference schemes tested for stability: [15] Pobedrya, BE 1995Numerical methods in the
the case of flow parameters, which satisfy the timrd theory of elasticity and plasticitniversity Press, Moscow.
(17), set the absolute stability of numerical scegm [16] Georgievsky, DV 1998The stability of visco-
however, require further research in the issues Bfastic deformation processes objed#RSS, Moscow.

; i : o 17] Drazin, PG & Reid, WH 1981Hydrodynamical
sustainability schemes for which the condition (i) stabili[ty ]Cambri dge University Press Canlﬁb)?i dge.y

not Satis_ﬁed; [18] Larson, RG 1992, ‘Instabilities in viscoelasti
It is found that the transverse component Ofows’. Rheol Actavol. 31, no. 3, pp. 213- 263.
velocity varies only in the immediate vicinity olfie

source area, but it can be concluded that the mieam
that define the phenomenon, is the rate of fluakége
from the pipelineV,_,, , second flow of fluidQ, and the

distance to the leak sourde, thus, the further studies

ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2014, Vol. 1, Issue 1 51



A.P. Oliynyk, L.O. Shtayer

YK 622.692.4:533.6

MopentoBaHHA Tedii piauHu B TpybonpoBoAi 3a HAABHOCTI BUTOKIB
yepes NOBEPXHIO

AT Oniinux , J1.O. HImaep

leano-®@pankiecvkuil HayioHaNbHUL MEeXHIYHULL YHisepcumem Hagmu i 2asy;
syn. Kapnamcwora, 15,m. Isano-@panxiscok, 716019, Vrpaina

[NobynoBaHo MaTeMaTHYHy MOJENb Tedil B’ SI3KOI PiIMHU B TPYOOIIPOBOI 32 HAsSBHOCTI BUTOKIB Yepe3 iX IOBEPXHIO, sKa
0a3yeTbest Ha cucTeMi piBHSIHb HaB'e—CrTokca B JBOBHUMIpHIN MPSIMOKYTHIH 0OJIacTi 31 CHIEIiadbHIM THIIOM I'DAaHWYHHUX YMOB.
Bonu BpaxoByIOTh reoMeTpHYHY KOH(DIrypamito 30HH BUTOKY. BBaXkaeThCs, IO PyX PiAWHM 3iHCHIOETHCS i €10 CTATIOro MO
JIOBXKUHI Ilepenay TUCKY. [ po3B’ I3aHHS BKa3aHOI CHCTEMH PO3POOJICHO YHCEIbHIN METO KiHIIEBUX PI3HHMIb, 38 JOIIOMOT 00
SIKOTO peasli3yeThCs CXeMa,siKa Ha NEepIIOMY KPOIll € HESBHOIO ITO ITOB3JOBXKHIM KOOPAMHATI, a Ha APYroMy — IO MOMEPEUHiH.
[IpoBexeHo qOCHiKEHHS CTIHKOCTI 32 METOAOM CHEKTPAIBHOI 03HAKH, BCTAHOBJICHO YMOBH CTIHKOCTI JUISl BHITAJIKY PO3PaxXyHKY
Tedii i3 3aJaHIMH TapaMeTpaMH Ta JUIs BKa3aHOTO THITy reoMeTpil Tpybomnposoxy. [IpoBeneno po3paxyHKH Ul IIHPOKOTO KIacy
TPAaHMYHUX YMOB, BCTAQHOBJICHO 3aKOHOMIPHOCTI PO3MOALTY IIBHIAKOCTEH 3a pi3HMX KOH(Irypariii 30H BHTOKy Ta 3a iX
BIJICYTHOCTi, BUSIBJICHO, IIO OCOOJIMBO MOMITHUMHK €(eKTH BIUIMBY HAsSBHOCTI BHTOKY IPOSBIISIOTHCS B 30HI MOONN3Y CTIHKH
TpyOonpoBoay. BcCTaHOBIICHO 3aKOHOMIPHICTH BIAXMJICHHS BiJ CHMETpil PO3MOAITY BEIWYMHH ITOB3JIOBXXKHBOI KOMITOHCHTH
3aJIeXKHO BiJ] BIACTaHi /IO MiCI[SI BUTOKY, 3MiHM IIBUIKOCTI B 30HI IMOOJIN3Y CTIHKU TPYOU 3aJIe)KHO BiJ IHTCHCHBHOCTI BUTOKY Ta
IapaMeTpiB PO3PAXyHKOBOI CITKH, BCTAHOBJICHO OCOOJIMBOCTI IOBEAIHKM Te4il B 30HI MOONM3y CTiHKM micns HaOyTTs
TIOB3/I0BXKHBOI0 KOMIIOHEHTOIO HYJIFOBOTO 3HAaUeHHs. Pe3ynbratn poOoTi MOXyTh OyTH BUKOPHUCTaHI ISt pO3POOJICHHS CHCTEMHU
JIOKaJTi3aIli Malux BUTOKIB HATOMPOMYKTIB 3 Pi3HOI0 KOH(ITypaIli€lo 30H BUTOKIB, OKPiM TOro, BKa3aHa METOAMKA MOXKe OyTH
BHUKOPUCTaHA B JJOCITI/DKEHHI KOMYHAIBHHX TPYOOIIPOBOJIIB, TEXHOJIOTTYHUX TPYOOIPOBOIB Y Pi3HUX Taly3sX HPOMHUCIOBOCTI.
BusBneno, mo po3pobiaeHa METOANKA aJeKBAaTHO OIICYE JOCIIIPKYBaH] SBHUINA. BH3HaueHO HAIPSIMKY TOJAIBIINX JTOCIiKEHb:
BHU3HAUYCHHS 3QIEXKHOCTEH Ui PI3HMX THINB PIWH, XapaKTePUCTHUK TPYyOOIpoBOIiB, KOH(pirypamii 30H BHTOKY, a TaKOX
JIOCTIKEHHS BUITAIKy OLTBIN CKIaJHUX 3aJIeKHOCTEH TUCKY BiJl KOOPIMHAT JOCITIDKYBaHOI 00JIacTi.

KitrouoBi cioBa: koopournamu umoxy, mamemamuiHa mooens, pigHanus Has' e—Cmoxkca, cmilikicms, uucenvHutl Memoo,
weuoKicms meuii.
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