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Abstract

A mathematical model of viscous fluid flow in thieline with the presence of leaks due to their surfatech is base
on a system of Navier—Stokes equations in divoensional rectangular region with a special tgpdoundary conditions h
been designed. The geometric configuration of da&adge zonesitaken into the account. It is believed that thal fmotion it
under the influence of constant length of presglifference. For the solving of this system, the ptoal 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 specified @aeters and for the given type of the pipeline geoyn@he calculations we
made for a wide class of boundary conditions tk&dl#ished the patterns of distribution of vel@stin different configuratiol
and leakage areas in their absence, it waaddhat conspicuous effects of leaking occuringhm area around the pipe we
The pattern of deviations from symmetry of theritisttion of valuef the longitudinal component was establishe, jtetals o
the distance of the leak, of the speetide of the zone near the pipe wall, it also depemdthe leakage intensity and
estimated parameters of the grid. It was set thatkehavior of the flow in the zone near the wdtérathe longitudine
component derivative turned zero. The rescéis be used in designing the localization of smidlleaks from different areas
leakage configuration, the indicated technique amo be used in the study of utility and procegsngi 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, configuaii leakage areas ¢
exploration of the case for more complex dependsngiessure on the coordinates of the investigatsal
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Introduction impossible or can be made only in approximate form
and size of the area in which the researches edféd
In the study of actual piping systems, one of theonstruction of difference schemes with fixed
most important issues of control of their technicaparameters of the significant volume calculatiortsn
condition is to detect small leaks of products-or a long time, this problem could not be resolded
transported, as they cause substantial economéedosto the limited capabilities of the computer systems
and threats to the environment. This problem isesbl 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 math&mla that use a system of Navier—Stokes equations tee sol
methods for modeling of these processes. Thesgeactical problems for engineering systems [10,. 11]
methods make it possible to explore a wide class dhe actual problem of estimating parameters of the
phenomena and processes, which are accompaniedfloyy, the universality of mathematical models, and
small leakage products. In some cases [8, 9], it imodels of viscous fluid flow in particular allows t
possible to obtain analytical solutions to the peabof 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 theppszd
configurations, but in most practical problems,idt article, but also for diagnosing the origins of
necessary to use numerical methods for solving thiechnological pipelines for different purposes used
issues of such kind. This is because the real teghn cars, reactors, utilities, etc. In this paper, thedel for
systems have a complex spatial configuration, dt@ho flow in a pipe leaking product is constructed, whic
correct formulation of boundary conditions is eitheincludes a system of equations, boundary conditaoms
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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andrij-olijnyk@rambler.ru liquid that is transported, and the velocity fieis
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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 primitidengitudinal coordinatey — transverse, in fact, along the
variables. When modeling the flow of a viscous fluid pipe diameter:

through pipes in the general formulation, the aysté ky*  kRy
Navier—Stokes equations in a cylindrical coordinate x=0"= —4—+—;
system is used [8]: S
aﬁ+ul]ur _Y _ u‘y=0: u|y:2R:0; @
ot r U|x:0:U|y=0=O;
1 Op v, 2 aUq)
= —— +V AUr o T T2 ax I’ O,XS)&,XZ )&,
p or r- r<a Ulyo0r=
U Vleak'XD[)g 1&]1
a_:*'UDUw +rT¢: where [x,x] is the piece of leakage, arbitrary
(1) configuration of leaks zones in length and intgnsit
_iop Y, 200, is possibley i © viscod
= +V[ Av, ——+—; ; sources is possiblgy is the dynamic viscosity of the
pr oo reor°of product transportedR is the pipe radius;o is the
ou, +ulo. = 10p +VA product density. It is believed that wher= 0, the flow
o TUHLE TS VAL of fluid through the pipe is accurately describedthe
larUr +_16&+ o, o queu_ﬂle flow_ model [8];v = u_/ p is the kinematic
p_ar r oo & ' viscosity; V., is the rate of fluid leakage through the

pipe surface.

_.of . 1of . of
where Of =i, —+i, =—+i,—,
o "rop "oz Difference Schemes for the Navier—Stokes System
2 2 of Equations
Af =li(rﬂj+_lza_r2+6 f2 — accordingly is the a
ror\ or reop° oz

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

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

written in a simpler form by the following assunupts:
from a three-dimensional cylindrical coordinate

system (1) a transition to a two-dimensional Caates ] o

system — one of the coordinates is chosen accotding To replace their original counterparts, the

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

the pipe length, and the other — according touits ¢ following difference-based dependencies are usgd [1
the behavior of the flow in a rectangular region in  ou _ upt-up 0 _ et -ul

the presence of defects is studied; they are mddede ox AX | 9x AX

zones of Ieaka_ge thr_ough the surface of the pipe; U u™l—u™ gy u™L-p™t
a three-dimensional effects are not taken into the — =-—™1__m1 =~ = “wl " ml

account — similar to Poiseuille flow, and the tiens 9 2By 9y Ay 5)

nature of the process is not taken into the accasnt 9%y _u’™-2u’+u’* 0% _ul'-20"+u"!

well. P DX Y AX ’

In this case, the system of Navier—Stokes equations

2 n+l n 1 2 1 n 1
i : —2u" + -20"+
is written in the following form: 0°u _uy —2u,+u 0V _ULy —20,+0 7

2 2 L L
du_ ou_ 1dp [(0%u d’u) oy Ay oy Ay
U—+U—=-——+V ——+— | difference analogues are used (4) to the systenth@)
ox dy pox X 0y o . .
following difference equation analogues are reative
2 2 ntl _ n i _ 1
ua_U+U6_U=_1@+V 0_L2)+0_L2) : (2) un Un um_'_un U ur:;l:
ox o9y pay ox° oy ™ AX " 20y
u o, L[, 20 )
aX ay p 2 Ay2 )
It is believed that the pressure along the lendth o U A L U 6
the pipe varies linearly: U, +op, 21y = ©6)
P=R- kX, (3) n+l n -1 n+1 1 1
where k is the coefficient of pressure drop. The method- 1o +v[Um le(;"-w’“ ]+V[U my =2 7 o ml];
of solving the Navier—Stokes equations, which isdus A By
in the implementation of the components of the eigyo urt-ut ™l -
vector is called the method of solution using piivei A 20y

variables [10].

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



Modeling of fluid flow in pipeline with the leaks d ue to the surface

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 diyg8) linearness of dependence between the compongnts
and is a known as a funct_|0n of the Iongltudlng‘lmd u_ we receive:
coordinate, the third equation of system (6) is

substituted into the second one, and then it aegutre Upy = Kol + Ly,
following form: d.KaU,+d, L+ eus+ fu,= by,
2 Un =Un o U — Uy f b,—d,L
u -V = — _ m m m-—m
"X " 2Ax Un ="k +o Uty k+e’ (10)
n+l _ N n-1 1 o_ 1 1 mem m m
210D, [V m200* 00 |, [ Vma "0 Uy | ot _b,-dL,
P ay sz Ay2 km+1 -

Aokt &, T Aokt gy
For the receipt of the system solving (6) with
boundary terms (3) the sweep method was twice
realized, thus, the form of record of boundary tim
?ndicated, which allows to take into account the
localization of places of liquidsource. It is allew to
define direct and reverse sweep motiom ahdv on the
n+1(_ Un —Lj+u’“[u—;—L+ﬁ]+ layer of n+1, and after the proper reassignment of
o2y ) T lAax A Ay values on layers an algorithm repeats oneself. The
amount of steps of iterative process is determmethe

Realization of Computational Algorithm

Equation of the system (6) is written as a systém
equations with a three diagonal matrix, that alldhes
application of the sweep method for its decisio?]{1

n 2 . . . .
wa[OT v 1 (Um) ut-2un . firmness of iterative procedure and necessity oftrcd
| ———— |=——k+ +V ; S
H2ay oy P X AR of area of pipeline of the set length.
ot — Y |4t ﬂ_L+£ + Investigation of the Stability of the Difference
m-1 2 m 2
\Y Ax A Ay Scheme
ot -V |- _l@+ (U;)(Urﬁl) . ) The investigation of the stability of difference
m+l ny? p oy AX schemes is carried out by the spectral featur¢abflgy
- . Wi on [12]. Since the first two equations (6) are almost
wy Ym T2 |, o[ YUn_ U identical, the stability of investigation is cadieut only
AXP "l Ax for the first equation. The peculiarity of the spat
The coefficients of the system of equations with #eatures is that the system of Navier—Stokes eojusiti
three diagonal matrix are written in the followimgy: ~ are non-linear, so it is necessary to use the ipieof
for componentu: frozen coefficients, whereby the coefficients of th
n n system (6) must be constant. With the implementatio
1 U, V U, VvV 2 .
d,=s——"-—, e =———t— of the method of frozen coefficients, the componeht
20y Ay Ax A AY o
is written as:
n .
flzSm _V ®) Ut =A"e? . (11)
2y Ay The condition of stability of difference schemes
. 1. (U Y urt—2oy" can be written as:
=——Zk+1m +v m m :
o =K AX Al<1.
for componentu ; For the first equation of (5):
' n U™t — gt ymt -yt
=Y gz _V ¥ p__V Up, ————"+ Uy~ =
"oy M A AP " AY Ax 20y
n+l _ n 1 ml 1 1
) 10p (U;)(Uﬁ]) L™t —oyn ) Un 2lJm-'-um +v Uny 2l"Im + unr\'.ﬁl ’
bm =So——t +V m 0|+ AXZ Ayz
pady  Ax AX . . .
) (9) introducing the notation:
urt —u’ n
+Unm(MJ' g: ”:U:Ah:v: Bl: 12
Ax Ay P, U, ' A G (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

ntl _ n +1 1) -
value of speeds on a layer+1 are in the process of A(um um)+ BF( tha '“ml)
solving the problem. For the record of task, anrbead = C(uTTfl -2u + uﬂ;l)+ p’-( d-2dr i+ Lm)
index is cast aside in more compact form, whereupon : L
we receive: Introduction of the characteristic values (12) abo

the selection of such parameters as computatiad| g
that provide the resistance of computational schéme
the view of (11) and Euler’s formula:

dmunrl + emum+ fmuml = br .
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e® = cogp + 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,
, s B (13)  which corresponds to 1.25 m diameter pipe at 5@robn
= C()‘ —2\ +1) —4p'ATsin 5 points along the transverse coordinate;
number of steps along the longitudinal coordinate —
00, allowing the calculation of the velocityldidor
a pipe length of 5.6 km in increments of 8 cm.

derived by:
A(N? =\)-2Bp\? ising =

The equation (13) is a quadratic one with the700
complex coefficients. Its roots are determined bg t

relations:

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

A= 5. 4 The method of ical solution of system (2)
o : e method of numerical solution of system
—_ —_ + L

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

A—2C—\/,0\2 -8BCpisinp+ 4 Cp SihE complex calculations are conducted, which reveted
A, = . (15) following features of the simulated process and its

2(A-2Bpising— C+4p siﬁ% ) numerical implementation:

the calculation of the velocity field in the pipedi
In general, the test conditionf\,|<1, |A,/<1 without defects, the transverse velocity comporient
requires finding the valueRe\,, Ré\,, IM,, Im, absent, and the flow of fluid in the pipe is chamazed
by one velocity component — the longitudinal orne. |
Fig. 1, the dependence of the maximum and average
\/(Re)\l)z +(1m,)? <1 flow velocity of the liquid in the tube in the ase of
(16) defects is demonstrated.

and testing conditions:

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

requiring complex mathematical calculations. Howeve ‘ ‘
in this case, the study of the conditions (16)dsried g *°7
out taking into account the characteristics ofghacess 2z 8 ‘
variables, namely: s eo4— - - |
5 >
B=0, C=10°, A=l (17) ] | |
From the equation (14) and inequality (16) in sucl 2 — — — Tt et
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 velocity — = — awverage \elocity
wherease =107°. 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 pictuiehe differs from the classical result of solving theideuille
process. While solving the current problems of thtask, because in solving the problem of Poisediibe,
research for which the following conditions takewq@ it is considered that the velocity profile is in@eplent
(17), (18) and (19), the estimated net parametezs &f the longitudinal coordinate. The obtained nuweri
chosen with the requirements of the accuracy desults of the system solution (2) with boundary

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

pressure in the pipeline and, consequently, the
Simulation of the flow in the pipeline with defectsmagnitude of velocity decreasing the length ofttize;
through whichthe outflow of fluid is conducted fdre it necessitates pumping and compressor statiomiseat
following flowparameters, the pipe geometry, prajesr Sites of such type. In Fig. 2, the dependence ef th
of liquids and gases, the linear pressure dropgatbe length of the pipe in the parietal area is demotesda-

length of pipe: it changes the coordinate more intensively compésed
the average fluid velocity in the pipeline — 2.8&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%s; 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

=
o

ézz selected in increments of 2.5 sm in diameter
£ 04 Coordinate Lengh of the pipeline, km
03 on the
pipeline
02 | . 0 1 2 3 4 5| 5.6
0 ) 5 2 . 5 5 diameter, m
Lengh of Pipe, km 0 O O O O O O 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 | 6.125.94/5.76[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
o o ) 0.500 9.189.01|8.84|8.67|8.49|8.32|8.22
Table 1 — The distribution of longitudinal velocity 0.625 0571939/922/905/888/8.718.61

components along the length of pipe in the presefce 0.750 0.149018.84/867/8498.328.22
the defect — source at 10 cm/s at points that were 0.875 8.0"- 7.86 7'69 7'51 7'34 7.16 7'06

selected in increments of 2.5 sm in diameter 1.000 6145941576/ 5585405215 10

Coordinats Lengh of the pipeline, km 1.125 3.443.25/3.14|3.11|3.10/ 3.09| 3.08

on the 1.250 0 0 0 0 0 0 0
pipeline
diameter,| 0 1 2 3 4 5| 5.4 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 lengttthe

0125 | 3.443.24|3.04] 2.83]2.63 2.43| 2.31 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

0.375 | 8.037.86] 7.60| 7.51] 7.34] 7.16| 7.06| 2Ppearsatadistance of 1.3 km of the leak.
0.500 | 9.149.01]8.84] 8.67| 8.49| 8.32] 8.22 :
0.625 | 9.549.39/9.22]9.05] 8.88] 8.71] 8.61 33
0.750 | 9.189.01/8.84|8.67|8.498.32/8.22| £ ° /\
0.875 | 8.037.86/7.69] 7.51| 7.34] 7.16] 7.06] % 2
1.000 | 6.125.94] 5.76] 5.58| 5.40| 5.21] 5.10

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
— [ ]
W (i8] W

o iy
[V
™~

10 cm/s. It can be concluded that at the speed ofi/s, o
the symmetry, although weakly but is broken, and 3 | : 5 : 5 5
applies only to the part of the parietal area defathen Defect distance, km

leakage rate is of 1 cm/s, the velocity field (lindinal
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 itgloc

field (longitudinal component) essentially loses it . . . . .
(long P ) y This can be used in the construction of engineering

symmetry — these are the results of the calculdtian ) ) ; . )
are presented in Table 2. The parameters of esidnal{ecm'ques to identify the coordinates of leaks=im 4.
he results of calculation speed change in parétd 4

net impact on the simulation results, while inchegs . - i
- : L ' P km from the defect, depending on its intensity are
their quality paintin rocess have not signifitant ; ’
q y P g p gnifitz demonstrated, it was found that the leak rate

(r:;\tzr;g_e%,a;elyltgsul%h_quLéan\tlﬂ}(l:vheisczi(r:aec;)tglljsl,gcg :ul- e/a of 1 and 10 cm/s, the distribution of indicatedoadtly is
technical calculations. The parameters of estimatsd a.I|ttIe different from the case of pipe fiow thist
aYV|thout any defects, while at the speeds of 40 a@d

— at the diameter of 0.025, 0.08 on longitudin /s the sianificant t0 3-5 m/ locity dig
coordinate, the calculation were adopted as opti-lcnalCm S, the significant (up to 3-5 m/s) velocity detidn
at the absence of defects are observed.

firstly, they can satisfy the stability conditior{&8)— . .

(19), and secondly, with the obtained results datee | .,::'g.' ‘T’ slho_\;vsf_ tlze Iresultst trffl Calf[:#"'?‘t'onf of

well with known theoretical propositions. It shoube ongitudina’ velocity TIelds along at tne ieng mPe 0
km for different steps in longitudinal coordinaite

noted that the implementation of 70,000 steps T
iterative procedure design scheme remains stabid, a .08 and 0.05 m, and the pressure distributiorepait

the specified number of iterations is not the Ijniit almost identical.

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

to its diameter, and the influence of defects rded

Figure 3 — Deviations from Symmetry Longitudinal
Velocity Components Depending on the Distance
from the Leak
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only in a small parietal area near the leak. Theleho 6 ‘

allows to study the peculiarities of the distriloutiof 47

velocity in the presence of defects, thus, it ignit that 21— 4‘ — T —

the impact of the defect, regardless of the nunalvet ,, © \ %

coordinates of the points of application altdie & 28— — 49]5— — ﬁ — 5

current configuration in a small neighborhood oé th £ 4

point source significantly. 3 61— —— 4‘ - # —
Fig. 6 shows the results of simulations of fluid~ g |

flow in a pipe after the value of the original latoglinal 104 — 4‘ - # ]

velocity components along the vertical coordinags h 45 |

become zero (the condition of boundary layer sejmara 14 | |

[11’ 13])' Distance in diameter, m

T T ‘_ :l Figure 6 — Speed Instability in the Near-wall Areaafter
51— — the Point of Zero Longitudinal Velocity

w 4 +———

2 3l t - - j In [14], the results of the boundary layer equation

5.1 L ‘ for symmetric and axisymmetric flows in the vicinibf

- I ™~ | i the point wheread™ = 0, the methods of constructi
14+— e point whereas— =0, the methods of constructing
I N I B D N %
095 1 106 14 115 12 125 13 solutions of the boundary layer to the point of

Coordiniate in diameter of parietal ares, m separation are offered, the cases of continuows die

—e—defect is absent —=—leak 1 sm/s —a— leak 10 smis —<—leak 40 sm/s —— leak 50 sm/s indicated, |t iS prOVed that the Solution Of the.lbda.ry

Figure 4 — Speed instability in the near-wall area  layer equations may be extended at the point of
depending on the leakage rate 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 floimeal

the position of separation are explored. Theseltsesu

— 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, Wheregell'lsz 0, however,
y

Velocity, m/s

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 sedaifothe

Distance in diameter, m pipe narrows through perturbation flow in parieiata,

which can cause the occurrence of such negative

—e—1km —=—2km —a—3km —<—4km phenomena as water hammer, thread locking etc. [13]
—%—5km —e—6 km —=—7 km With the implementation of the model (2)—(3) alltbé

necessary mathematical formalities are complet&gt [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
7 \ experimental and theoretical results. However,
T T 7‘7 T A\ 7 [11, 16-18], the basic requirement, which comes to
\ practical solutions of the problems in mechanicshésr
o) —— —— 7‘7 T + N resistance to various perturbations: in this cdds,the
"W — — — — — — — presence of small leaks, which are the points of
0 | | discontinuity walls and flow transition point, wieais

0 02 04 06 08 1 12 14
Distance in diameter, m au

Velocity, m/s
@

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)

For the stability analysis, it is important to know
the average characteristics, dimensionless parasnete
and numbers, with the achievement of which itsaait
values of the transition system are associated in a

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



Modeling of fluid flow in pipeline with the leaks d ue to the surface

qualitatively different state, where the contentstt® should use a diagnostic feature dimensionless meam
basic equations of the model is lost (for examiplse of Q . .

the contents of the Navier—Stokes equations). \Wieh K =~ 7 — in the case of volumetric flow, parameter
implementation of the developed model, the follayin teak

freq_uentl_y asked qL_J(_estions raises: Whether it)'ﬁstble_ k, = Q in case of loss through the are@; —

to identify the critical parameters using numerical = V,

leak

methods in the study of physical process of losingg,, through value:Q, — flow through area.
stability, provided that the characteristics osthrocess The directions Sof further research may include:

are unknown and most are determined by Sc)lvmsqudying of the influence of parameters on the ltesf

certain value problem, which means the loss dfilita difference scheme, the law of pressure change qalys
in numerical simulation is incorrect discrete pehl and mechanical pr,operties of IiF:quid transportgaﬂ: my
(implementation failure of the following conditions determination of the relationship between the isitgn

(16), (18), (19)) or a process that occurs in tkgared :
physical body (detachment of the boundary layetewa and ma_gmtude of the leakage area of the steady flo
calculation parameters.

hammer, the occurrence of turbulent effects)? This
significantly concerns the results presented in B¢,
6. At the same time, in this case, these issueslsarbe

interpreted as follows — how to separate the exgosu [1] Klyuev, VV (ed.) 2003, Non-Destructive Control
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ITo6ynoBano mMareMaTH4HY MOJeNb Tedil B'sI3K01 piIHHU B TPyOOIPOBO/I 32 HAasSBHOCTI BUTOKIB 4Yepe3 IX MOBEPXHIO, sKa
6a3yeTbest Ha cucteMi piBHAHb HaB'e—CTokca B JBOBHMIpHiil MpAMOKYTHIH 00JacTi 31 clieniaibHUM THUIIOM I'PAaHUYHHUX YMOB.
Bonu BpaxoByIOTh reoMeTpHUYHy KOH}Irypamito 30HM BUTOKY. BBaXkaeThbest, O pyX PiAMHM 3AIHCHIOETHCS IiJ| TI€I0 CTAIOTO IO
JOBXXHUHI Ilepenany TUCKY. [ po3B’ i3aHHS BKa3aHOI CHCTEMH PO3pOOJICHO YHCETbHUN METOJ KIHI[EBUX Pi3HUIE, 32 JIOMOMOT OO
SIKOTO Pealli3yeThCs CXeMa,siKa Ha MEepIIOMY KpOIL € HEesSBHOIO IT0 MOB3JOBXKHIM KOOpAMHATI, a HA JPYroMy — IIO IOTICpEeUHil.
IIpoBeneHo moCHimKEHHS CTIHKOCTI 32 METOZOM CIEKTPAIbHOI 03HAKH, BCTAHOBJICHO YMOBHU CTilIKOCTI AJIS BUMAAKY PO3PAXYHKY
Teuil 13 3alaHNMH TTapaMeTpaMy Ta JUIs BKa3aHOTO THITY reoMeTpil TpyOoomnpoBoy. IIpoBeieHo po3paxyHKH AT ITUPOKOTO Klacy
TPAaHUYHUX YMOB, BCTaHOBJCHO 3aKOHOMIPHOCTI pO3MOJiNy IIBUAKOCTEH 3a pi3HMX KOH(pirypauiii 30H BHTOKY Ta 3a iX
BiJICYyTHOCTI, BHSIBJICHO, 1[0 OCOOJMBO MOMITHHUMH €(EKTH BIUIMBY HAasBHOCTI BUTOKY MPOSBISIOTHCS B 30HI MOONH3Y CTIHKH
TpyOonpoBoay. BcTaHOBIEHO 3aKOHOMIPHICTB BIAXMJICHHS BiJl CUMETpii PO3NOAULY BEIMYMHM IIOB3JOBXKHBOT KOMIIOHCHTH
3aJIeKHO Bij BiZICTaHi A0 MICIsl BUTOKY, 3MiHH IIBHIKOCTI B 30HI MTOONM3Y CTIHKU TPYOHU 3aJIS)KHO BiJl IHTEHCUBHOCTI BUTOKY Ta
rapaMeTpiB pO3pPaxyHKOBOI CITKH, BCTQHOBJICHO OCOONMBOCTI IOBEAIHKHM Tedil B 30HI MOOIM3y CTiHKM micias HaOyTTS
TIOB3/JOBXHBOIO KOMIIOHEHTOIO HYJIEOBOTO 3Ha4YEeHHS. Pe3ynbpraTn poOOTH MOXYTh OyTH BUKOPHCTaHI UL PO3POOICHHS CHCTEMH
JIOKaJIi3amnii MaJuX BUTOKIB HAQTONPOYKTIB 3 Pi3HOIO KOH(QIrypalli€io 30H BUTOKIB, OKpPIM TOT0, BKa3aHa METOAMKA MOXe OyTH
BHKOPHUCTaHA B JOCTI/PKCHHI KOMYHAJIBHUX TPYOOIIPOBO/IB, TEXHOJIOTIYHUX TPYyOOIPOBOIB y PI3HHUX TIaly3sIX IPOMHUCIOBOCTI.
BusiBiieHo, 1110 po3po0iieHa MeToJuKa aeKBaTHO ONMCYE AOCHIKYBaHi SBUILA. BU3HAYEHO HANPSAMKH NMOJAIBLINX AOCIHIDKEHb!
BU3HAYCHHS 3aIKHOCTEH [UIsl PI3HUX THINB PIiMH, XapaKTEPUCTUK TPYOONpOBOAIB, KOH(]Irypauii 30H BHTOKY, @ TaKoX
JOCITIDKEHHS BUNIAJKY OLTbII CKITaAHUX 3aI€KHOCTEI THCKY Bil KOOPIMHAT JAOCHTIIKYBAHOI 00IacTi.

Kitro4uoBi ciioBa: koopounamu eumokxy, Mamemamuyna mooenv, pieHanus Hae' e—Cmokca, cmilikicmy, yucenvHutl Memoo,
WBUOKICb meyil.
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