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Abstract

There is carried out 3D modeling of the trunk gaseline sections with defects in the cross sectibape of the pipe -
dents and ovalities. The ANSYS Fluent R18.0 Acadesoitware packge simulates gas flow through theséans of the g:
pipeline. The mathematical model of the gas mottobased on the solution of the Navigtekes equations and the ene
transfer, closed by a two-parametric model of theridderSharma turbulence, using a wall function with cepending initia
and boundary conditions. The structure of the g in the ctions of the gas pipeline with defects of thessrsection sha
of the pipe is investigated. The simulation resulese visualized by designing flow lines, the fieldf velocity and presst
modules on the contours, in longitudinal and cresstional sections. The exact valoéselocity and pressure at different po
of the inner cavity of gas pipeline sections witfatts in the crossection shape were determined. The places of slawa@mc
acceleration of gas flow, increase and decreapeesture were found.

Such results opened the possibilities for studyirggstresstrain state of gas pipeline sections with defacthe shape ¢
the cross-section of the pipe. The results of e dynamic calculation were imported into the maa@module of ANSY¢
Static Structural for this purpose, where the stedsin state was modeled by the finite element otktithe simulated resu
were visualized by designing the fields of von Mistresses and total deformations. There were lesvagas of maximum ar
minimum equivalent von Mises stressexl general deformations from these fields inséhetions of the gas pipeline with de
and ovality of the pipe of different dimensions. 8hsn these results there were built the dependeoftdhe maximun
equivalent von Mises stresses the depth of the dent, the parameter of ovahbtyd determined the permissible de
dimensions of the cross section shape of the pipe.

Keywords:dent, equivalent stresses, finite element metheadity, permissible parameters, pressure fields.

Defects in the cross-section shape of the pipe sfich defects, since they take a complex three-
the gas pipelines (dents, ovalities) are local sstredimensional geometric curvilinear form. Therefoee,
concentrators, which make such places dangerousmprehensive study of the stress-strain statehef t
requiring special attention and increase of thenain gas pipeline sections with defects in the sros
assessment accuracy of the hazard level of the gsection shape of the pipe is relevant.
pipeline sections with such defects. Therefore,iftav It is difficult to accurately estimate the strength
detected such defects and calculated their size, tthe trunk gas pipeline sections with defects inghape
strength of the gas pipeline must be assessed. Tdfethe cross-section and to determine their peibiess
existing norms for repelling defects in the shage @arameters due to the need to solve the problem in
cross-sectional pipelines differ in various regutgt three-dimensional formulation, and also take into
documents, and the normative methods of such a@count a wide range of parameters that affect the
calculation do not allow to fully take into accowlitthe stress-strain state of the pipe wall in place otsle
factors that affect the strength of the pipelinetle ovality, in particular gas-dynamic processes inittrer
place of defects in the shape of the cross-sedtiidhe cavity of the gas pipeline, as there is a decréasbe
gas pipelines. In particular, they do not allow tos cross-sectional area of the pipe in these places.
estimate the three-dimensional distribution ofsges in Today, such problems can be solved in the shortest
the area of a defect, which is extremely important time by means of modern ANSYS simulation software,
which provides the ability to perform multidiscipéry
computations. The strength and hydrodynamic modules
are combined in one interface by means of the new
integration computing environment ANSYS
Workbench. In addition, the current ANSYS
© 2017, Ivano-Frankivsk National Technical Workbench platform allows you to simulate physical
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b)
a) measurement of the size of the dent; b) scloéthe dent in the pipeline
Figure 1 — Characteristics of the dent

Defects in the shape of the cross-section of thdimensional geometric curvilinear form of such dtse
pipe may occur in pipelines for different purposesand uneven distribution of pressure in the innesitga
Finley D. [1] used computer modelling to investaat of the pipeline, which is present in the following
the stress-strain state of DN 400 mm gas pipelimden  locations.
pressure with a dent 156 mm long and 28 mm deep, The objective of the study is numerical 3D
detected by in-pipe diagnosis. The sheets of etpiva modeling of the stress-strain state of the trunlk ga
stresses were obtained at the place of the depipelines sections with defects in shape of thee pip
Sutomo J. and Wardhana W. [2] modeled the flow afross-section (dents, ovality) on the basis of gas-
fluid through the pipeline with a dent. As a resthiey dynamic processes that occur in places of suchctiefe
received pouring of speed and pressure in the innBetermination of the acceptable parameters of such
cavity of the pipeline. The simulation results weralefects.
imported into the mechanical module of the ANSYS Defects in the cross-section shape of the pipe of
program complex, where the stresses in the pipkatal the gas pipelines are dents and ovalities. The most
the dent were calculated, taking into account thevan common causes of such defects are mechanical damage
distribution of pressure in the inner cavity of thas to gas pipelines, non-compliance with rules and
pipeline. The geometric three-dimensional dent rhodeegulations for their construction. Most often, taises
in this paper does not correspond to the real gagroé of mechanical damage to underground gas pipelires a
such defects because it is not smoothly roundetien construction works near the pipeline. They may appe
upper part. due to incompliance of pipeline location with the

Budylov I., Kulyasov G. et al. [3] performed alocation, specified in the project documentation,
study of the stress-strain state and estimatedtthagth negligence or errors of builders that are random.
of the pipes of technological pipelines of oil dipes Mechanical damages associated with external infleen
with an external diameter of 550 mm in place oftdenare up to 10 % of the total number of defects and
using computer simulation methods in DEFORM-30damages to gas pipelines.
and ANSYS. There have been estimated the values of A dent is characterized by the length and the
deformations and strength conditions that ensuee thlepth h (Fig. 1). As a rule, the larger the depth of the
reliability of technological pipelines with suchfdets. dent, the greater is its length.

It is shown that the greatest damage to the pigelin  Ovality of the pipeline is characterized by the
occurs when the defect is located transverselythi®  actual parameter

case, the area of the maximum damage does not slway D.. -D..

. . . . . —_ max min
coincide with the boundary and middle points of the ﬁ_D—' 1)
symmetry axis of dents, which confirms the expeclen out
of three-dimensional design models of dents thatldvo Where Dy, Dy, are, respectively, the largest and
correspond to the real geometry of defects. smallest external diameters of the pipeline in @ssr

The strength of the oval part of the pipeline can bsection in the place of its ovalityD,, is the outer
estimated by the method shown in P 51-31323949-42 \ater of the pipeline.
[4]. This technique takes into account the meclainic The problem of evaluating the strength of gas
and geometric characteristics of the pipe. By thiﬁipeline sections in the place of defects of thessr
method, the actual parameter of the ovality offip is  gectional shape is to be solved in a three-dimeasio
calculated and compared with the permissible one.  tyrmulation. In addition, a complicated physicattpie

Existing methods of calculating the stress-straif¢ the gas flow occurs in the place of defects haf t
state of gas mains areas with defects of cros®sett ,ss.sectional shape. There is an uneven disoibof

shape of the pipe do not include the complex three-
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pressure, which affects the tensile state of the piall. imported into the geometric module of Ansys Fluent-
Therefore, it is necessary to perform a multidibegyy  Design Modeler (Fig. 5). The models contained three
calculation combining gas-dynamic calculation wittdimensional geometry of the wall and three-dimemelio
mechanical one. flow geometry. The geometry of the wall was removed

This problem can be solved by ANSYS softwaresince there were performed only gas-dynamic
The simulation is performed in the ANSYS R18.:calculations in Ansys Fluent.
Academic Finite Element Analysis software.

The complex procedure of numerical simulation ¢
the considered problem consists of four stages:

designing a geometric model of the sections wal
of the gas pipeline with defects in the shape & tt
cross-section and geometric flow pattern in thesas
in AutoCad and their import into the Ansys Fluen
geometric module;

modeling a gas flow in the section of a gas pigelir =
with a defect in the shape of a cross section iIrBXN a) h=173mm, L =607 mm; b) h=277 mm,
Fluent module; . L =896 mm; ¢) h=424mm, L=1195 mm

importing 3D wall geometry and obtained result . ) o
from the ANSYS Fluent hydrogases module into th Figure 3 — Geometric models of the gas pipeline
mechanical module of the ANSYS Static Structurs sections with dents
software;

modeling the stress-strain state of the gas pipeli
section with a defect in the shape of the crosssemn
the mechanical module ANSYS Static Structural.

To do this, the calculation scheme shown in Fig.
was set in the calculation environment ANSY¢
Workbench.

h 4 -
8 <& Fluid Flow (Fluent) 1 =
2 @ Geometry v 4 2 & En
3 @ Mesh v ,\-3 @) Geometry v . Figure 4 — Geometric model of the gas pipeline
4 @ setp v 4 @ Model v . section with pipe ovality
5 Solution W oy ®5 ﬁ Setup v 4
6 @ Results v 4 & | solution v 4
Fluid Flow (Fluent) 7 | @ Results v .

Static Structural

Figure 2 — The computation scheme specified
in the ANSYS Workbench environment

Geometric modeling

Three-dimensional geometric models of the ge
pipeline section with a defect in cross-sectiorfepe
were designed in computer-aided design (CAL
program AutoCad. There was modeled the section
the trunk gas pipeline 3.5 m long with an extern:
diameter of 1420 mm, a nominal wall thickness ¢
18.7 mm with defects of the cross-sectional shdpa& o
complex three-dimensional geometric curvilinea
shape — dents and ovalities. Three dents and fc
ovalities of different sizes were modeled. Georatri
models of gas pipeline sections and dents sizes
shown in Fig. 3, and the areas of the gas pipeiiitie
the ovality of the pipe — in Fig. 4. Parameterowlity
of modeled sections of the gas pipeline were 0.02
0.042, 0.056, 0.113. The length of the oval sectibn
the gas pipeline was 1 m, transitional sectionengfr
round to oval) — 0.5 m and sections with a circelarss
section — 2 m (Fig. 4). ) .

Three-dimensional models of the gas pipeline Figure 5 — Geometric models of the flow

section with defects of cross-sectional shape were in the gas pipeline section with defects
of the cross section shape in DesignModeler

a) a dent; b) ovality
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Modeling of gas dynamics The following boundary conditions were specified

A volumetric computational mesh Automatic wasin Boundary Condition menu (Fig. &), (Fig. 13,a).
generated in the Fluent Meshing — the volume wksifi  Mass flow inlet ;, = 697.9kg /< was set at the inlet,
with triangular prisms, and if it was not possibleen 50y pressyre outleP, , =6.2MPa — at the outlet. In
parallelepipeds were applied. The size of the me:

elements was set as Om (Fig. 6). There was also "addition to setting the mass flow rate at the jnibe
created a wall layer of Inflation lattices with attice Turbulence Intensity was set 5 % in the Mass floleti

height of 0.1m and a number of their layers — 5 for ¢Vndow, the Hydraulic Diameter and the gas
better description of the boundary layer, and tresim t€mperatureT;, =293K were set at the inlet. When
was ground to the size of the mesh elements — ®.03setting the pressure at the outlet, the Turbulence
for better modeling the flow in the location of tHent Intensity 5 %, the Hydraulic Diameter and the gas
(Fig. 6,a). For this size of mesh elements, the results ¢emperature 7, = 293K were also specified in the

the calculation were qualitatively visualized, ati® pressure Outlet window. As a rule, the intensity of
calculation time was about an hour. After genetatite  trhulence does not exceed 20 %, but in most dages
mesh, the boundaries of the input and output ofléve  j, the range of 1 to 10 %. For a turbulence intgnsf
were set. 5 %, the flow is considered to be completely tuentil

Also, the boundary condition of the Wall with the
coefficient of equivalent roughness of pipes wasseim.

The movement of the continuous phase natural gas
is modeled by computational solving of the systerhs
equations that describe the most general case tiémo
of a gaseous medium. Such are the Navier-Stokes
equation (2), which expresses the law of consarmaif
momentum, (or Reynolds (3), if the flow is turbulen
and indissolubility (4), which is the law of congation
of mass

2 (o) +=2(pu)) =
or ! 0x; t
2
op 0 Ou; 6uj )
=t — Iu R S, +fi ,
Ox; Ox; ox; Ox;
0 d 0
—{pu |+—(puu |+—(pdy )=
:—ai+i /J ai_'_ai + f’
ox 0% 0x 0x
0p , 0 _
a) a dent; b) ovality E’fa(puj)—(), 4)
Figure 6 — Computational volumetric mesh

where x., X. are the coordinateq; is time; u , u. are
of the flow Xj» % U u;

velocity componentsy is the density of gasy is the

A standard two-parameter Realizatke-& model molecular dynamic viscosity of gasf, is a term that

of Turbulence Modification has been chosen in ANSY$, a5 into account the effect of mass forcgs;is the
Fluent. The Turbulence moddél—& does not allow to ) . ,

fully simulate the effects that occur near the wall pressure;u; are time-averaged velocity values, are

Therefore, there were used the near wall functions the constituents of velocities pulsation. [5]

the qualitative modeling of near wall flows. Thavas The results of gas flow simulation in sections of
chosen near wall function Enhanced Wall Treatment the gas pipeline with defects of cross-sectionapsh
extended near wall modeling. were visualized in ANSYS Fluent post-processors,

Natural gas was chosen from the ANSYS Fluer@NSYS CFDs (Fig. 8, Fig. 9, Fig. 13).
materials database and assigned to the computhtiona
mesh. To solve problems of gas dynamics there dhoul ~ Modeling of the stress-strain state
be taken into account the compressibility of galse T Three-dimensional wall geometry and the results
point of Real-gas was chosen for this purpose.d&ssi obtained from the ANSYS Fluent hydro-gas dynamic
Energy equation is automatically added to the égnst module were imported into the mechanical module
to be solved and when setting the boundary comdifio ANSYS Static Structural for modeling the stressistr
it is necessary to set the temperature of the §asel state of the gas pipeline section with defects roks-
was selected as a wall material from the ANSYS iue Sectional shape.
material database.
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Then there was set the material — 13G1S-U steel. A the domain of definition of a continuous value is
volumetric computational mesh Automatic was gemerat divided into a finite number of domains called egis.
in the Static Structural — Meshing preprocessore ThThese elements have common nodal points and
size of the mesh elements was set at qFig. 7). In  approximate the shape of the domain;
place of the dent, the mesh was crushed to theddize the continuous value is approximated to each
the mesh elements — 0.68(Fig. 7,a). element by a polynomial, which is determined by the

: nodal values of this quantity. There is determirtsd

polynomial for each element, but the polynomiale ar
chosen so that the continuity of the quantity altimg
element boundaries (which is called the functionhaf
element) is preserved. The choice of the form of
elements and their functions for specific tasks
determines the accuracy of an approximate soluwtiah
depends on the ingenuity and skill of the engineer.

The deformation function or the deformation
vector is expressed through the displacement fomcti

In the case of tension, the relative elongatiothef
rod as follows

afa) e

1 . . .
ExpreSS|onl—|—1;]| is considered a matrix, then

{} =|B[{<}. 6)

u.
where {3} :{ul} is the movement of the element
i

1“ nodes.
1 ¢ The stress function (stress vector) is expressemig
b) the deformation vector
a) a dent; b) ovality {a} =ID|({&} -{£.}) +{ oo} . @)

Figure 7 — Computational volumetric mesh

, where |D| is the matrix of elasticity (binds stress and
of the pipe wall

deformation with each other);{g,} are initial
_ _The_:n, the re_sults of comput?ng the Pressur§etormations
distribution on the inner wall of the pipe were ionted . .
from the hydro-gas dynamic module of ANSYS Fluent. ' e results of the gas-dynamic modelling were
to the mechanical module of ANSYS Static Structurafisualized in the ANSYS Fluent and ANSYS CFD post-
(Fig. 10, Fig. 14). The ends of the sections of gd&OCESSOrs, which allowed seeing the structurehef t
pipelines with defects of the cross-sectional shapee 928 flow in the areas of gas pipelines with defitere
fixed on the ends. The load of the influence of sais Were designed the fields of velocities in longinali
applied on the outside of the pipeline by the EtastSections (Fig. 8b, d, §, lines of the flow (Fig. &, e, g,
Support function, where loam was taken as soil. pressure fields in longitudinal sections (Figsadc, 9
The simulation of the stress-strain state in th@nd on contours (Fig. @, d, §. By selecting the Probe
ANSYS Static Structural module is performed by thdutton on the ANSYS CFX software toolbar, the exact
finite element method. The basic idea of this metlp Velocity and pressure values were determined at any
that any continuous quantity such as temperatur0intin the field of velocity or pressure module.
pressure and displacement can be approximated by a Based on the velocity .flelds in Iongltudln_al planes
discrete model based on the set of finite-contisuoFig- 8.0, d, § and streamlines (Fig. &, e, g it was
functions. In the general case, the continuousevadu determined that the flow velocity along the axistioé
not known in advance, and it is necessary to déterm 9as pipeline wasy,, =10,3m/s at the inlet of the
the value in some interior points of the area. sciite section of the gas pipeline with a dent. There $ight
model is very easy to design if we first assume tha decrease in the flow rate from the axis in the dioa
numerical values of this value are known in eactein of the wall, and the speed of the gas streamline
area. Then we can study the general case. Condgquerdecreases sharply near the wall. There is a slowdgw
when designing a discrete model of continuous valuthe gas streamline to 4 m/s in the beginning aacetid
proceed as follows: of the dent (in the course of the product movement)

a finite number of points is fixed in this domain.the place of its bend, and the greater the demt, th
These points are called nodal points or nodes; slowdown area is greater. There is a significant
the value of a continuous quantity at each point igcceleration of the flow near the middle of the tdgm

considered as a variable to be determined; the place where its depth is maximal). Moreovee, th

{o,} are initial stresses [6].
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M, =697.9kg/s B —8.2 04
D, =13826 Doy =1.386m
g e T, =293K

T, =293K

A

a) computational scheme; b), d), f) velocity fidli¢he longitudinal plane; c), e), g) lines of thew
Figure 8 — Results of modeling the flow rate of gaffow by the gas pipeline with a dent

greater the depth of the dent, the faster is v find pressure set at the outlet and equals to 6.2 MBsed

the larger is the area of acceleration. Thus, etdépth on the pressure fields it was noticed that thers wa

of the dent 173 mm the maximum flow rate is 14.2% mslight increase in pressure at the beginning anthet

(Fig. 8, b, 9, at a depth of 277 mm — 15.34 m/send of the dent (in the course of the product maarein

(Fig. 8,d, 9, and at a depth of 424 mm — 16.61 m/én the place where the gas streamline was deteatet],

(Fig. 8,f, 9). the greater the dent, the area of increase and the
As can be seen from the pressure fields (Fig. 9nagnitude of the pressure increase is greater.eTikea

the pressure is distributed unevenly in the plaicéhe drop in pressure near the middle of the dent @nptlace

dent. Since the length of the gas pipeline areamall, where its depth is maximal). Moreover, the gredter

the pressure at the inlet is approximately equaht depth of the dent, the greater is the pressure aieg.
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a), ¢), e) pressure fields in longitudinal plang; 8), f) pressure fields on the contours
Figure 9 — Results of modeling the pressure distriltion in the inner cavity of the gas pipeline witha dent

The uneven distribution of pressure in the innemaximum total deformations. Thus, at the depth of
cavity of the gas pipeline in the dent (Fig. 9eaté the denture 173 mm and the length of 607 mm the
stress state of the pipe wall. To account for #ffect, maximum equivalent von Mises stresses are 352.2 MPa
the computational results of pressure on the invedt in this area, and the maximum total deformatiorss ar
of the pipe were imported from the ANSYS FluenB.3 mm (Fig. 11a, b), the maximum equivalent stresses
hydrogases module into the mechanical module ANSY&hd the maximum total deformations are 6.7 mm at th
Static Structural (Fig. 10). depth of the dent 277 mm and the length of 896 mm

The results of the modelling the stress-strairestafFig. 11, ¢, d), the maximum equivalent stresses are
of the gas pipeline plane with dent were visualibgd 802 MPa and the maximum deformations are 11 mm
the finite element method in ANSYS Static Structuraat the depth of the dent 424 mm and the length of
by designing the fields of equivalent von Misegsses 1195 mm (Fig. 11¢, §.

(Fig. 11,4, c, e, § and the fields of total deformations Based on the modeling results, the graphical

(Fig. 11,b, d, ). _ _ dependence of the maximum equivalent stressg¥"
It is evident from the fields of equivalent von - e depthh of the dent was designed (Fig. 12).

Mises stresses and total deformations, that tha afe From the graphic dependence it was found out thet t

maximum equivalent von M'Ses stresses and thea{rea\/alues of the maximum equivalent stresses werestarg
the maximum total deformations was formed on thﬁmn the boundaries of 13G1S-U steel flux, whicls wa

quter wall at the beginning and the end of 'ghe de@%t to the wall of the pipe, at the depth of thetdeore
(in the course of the flow movement) at the poinito than 212 mm. In the case of exploitation of the gas

bend, where the pressure increase was detectedl(Fig hpipeline in the mode, given in the input data, aine

Morec_)ver, the larger f[he dent, _the greater Is tc%pth of the dent more than 212 mm there can kibgin
magnitude of the maximum equivalent stresses an
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ANSYS
R18.0
Academic

Figure 10 — Results of computing the pressure disbution on the inner wall of the pipe
in the place of the dent, imported from ANSYS Fluehin ANSYS Static Structural

a), €), e), g) equivalent von Mises stresses; h))dotal deformations
Figure 11 — Results of modelling the stressed staa@d deformations of the gas pipeline section with dent
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Figure 12 — Dependence of maximum equivalent stressg™ on the depth h of the dent

development of the plastic deformation of the matal where the diameter of the pipeline finishes dedngas
loss of the bearing capacity of the pipe wall. Efi@re, and, conversely, there is a slight increase inguresin
exploitation of this gas pipeline is permittedhittdepth sites where the pipeline diameter is increasinge Th
of the dents, detected during the examination, dmés same uneven distribution of pressure is observeteat
exceed 212 mm. beginning of transition from the oval cross sectiothe

As can be seen from the fields of equivalent vonircular (in the direction of the flow movement).
Mises stresses (Fig. 1), these stresses are much The uneven distribution of pressure in the inner
smaller at the inner wall at the beginning andehd of cavity of the gas pipeline with the ovality (Fig3)1
the dent (in the course of the flow movement),he t affects the stress state of the pipe wall. To take
place of its bend, than at the outer wall. Thereais account this effect, the computational resultsrespure
significant decrease in equivalent von Mises s&gsson the inner wall of the pipe were imported frone th
and total deformations near the middle of the demt ANSYS Fluent hydro-gas dynamic module into the
the place where its depth is maximal) (Fig. 11). mechanical module ANSYS Static Structural (Fig..14)

The results of the gas-dynamic modeling were  The results of modeling the stress-strain state of
visualized in the ANSYS CFD post-processor, whiclthe gas pipeline section with the ovality of theeby
allowed to see the structure of the gas flow indlkial the finite element method in ANSYS Static Structura
section of the gas pipeline. Based on the restilthed were visualized by designing the fields of equinale
gas-dynamic modeling, it has been establishedtheat von Mises stresses (Figs. 1&, c, e, § and fields of
velocity of the gas flow in the oval part does obange total deformations (Figs. 1B, d , f, h.
as the cross-sectional area of the gas pipeline dot Based on the values of the fields of equivalent von
change. The pressure fields were designed Mises stresses, it can be seen that the maximum
longitudinal and transverse sections (Fig. B3and on equivalent stresses are concentrated in the plateeo
contours (Fig. 13¢). ovality of the pipeline and are not evenly disttédxl

Based on the values of the pressure fields in thehey are concentrated on the outer wall in theeplafc
longitudinal and transverse sections (Fig. B3and on the smaller diameter of the pipeline and on thesiinn
the contours (Fig. 13¢), it was determined that the wall in the place of the increased diameter of the
pressure is unevenly distributed in the place efdgas pipeline. The minimum equivalent stresses, on the
supply. Since the length of the gas pipeline islkrtiee  contrary, are concentrated on the inner wall inplaee
pressure at the inlet is approximately equal to the&here the diameter of the pipeline decreases arntieon
pressure set at the outlet and it is 6.2 MPa. Basettie outer wall at the point where the diameter of the
values of the pressure fields it was observedttieat is pipeline increases (Fig. 18, c, e, § The largest
a slight increase in pressure in places where thikeformations of the pipeline are observed in the@lof
diameter of the pipeline begins to decline at théhe reduced diameter of the pipeline. They are lalse
beginning of the transition from round to oval shaygf in the place where the diameter of the pipeline
cross-section (in the direction of the flow motiaad increases, but somewhat smaller than in the pldce o
vice versa — there is a slight reduction of presdar their reduction (Fig. 1%, d, f, f.
places where the diameter of the pipeline begins to With the increase of the ovality parameter, the
increase. The same uneven pressure distribution magnitude of the maximum equivalent stresses and
observed at the end of transition from the ovalssro deformations increases. Thus, when the magnitude of
section to the round (in the direction of the flowthe ovality parameter equal8 = 0.028, the maximum
an oval cross-sectional shape (in the directiofil@  of ovality, and the maximum total deformations are

movement), uneven redistribution of pressure als§s5 mm (Fig. 15,a, b), when the magnitude of the
occurs. There is a slight decrease in pressurdatep oyality parameter is S=0.042, the maximum

76 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2017, Vol. 4, Issue 2



The study of the stress-strain state of trunk gas p ipeline sections with defects in the shape ...

P,, =6.2MPa
M, =697.9 kg/s By=L386%
T,, =293K
D, =13826m
T, =293K

a) the computational scheme; b) the pressuredigdhe longitudinal and transverse sections;
¢) the pressure fields on the contours

Figure 13 — Results of modeling the pressure disbution in the inner cavity of the gas pipeline
with the ovality of the pipe (£ =0.112)

»!’%-‘.u
e ANSYS

R18.0
Academic

0,500 1,500

Figure 14 — Results of calculating the pressure digbution on the inner wall of the pipe
in the area of ovality imported from ANSYS Fluent h ANSYS Static Structural

equivalent stresses are 275 MPa, and the maximiain to(Fig. 16). Based on the graphic dependence it is
deformations 8.3 mm (Fig. 15¢, d), when the established that if the ovality parameter is mdrant
magnitude of the ovality parameter §=0.056 the 212 mm, the maximum equivalent stresses are larger

maximum equivalent stresses are 317.8 MPa, and tH&n the boundaries of 13G1S-U steel flux, whicfs wa
total maximum deformations are 10.7 mm (Fig.d,5), Set to the wall of the pipe. In the case of expliin of
and when the magnitude of the ovality parameter [§€ gas pipeline in the mode specified by thedhiata

B=0.113, the maximum equivalent stresses ar@nd Wwith the ovality parameter more than 0.074rethe

. . may occur the development of the plastic defornmatio
527.3 MPa, and the total maximum deformations ar . X
22.1 mm (Fig. 15g, h). 5t the metal and the loss of the bearing capadithe

According to the simulation results, there i ipe wall. Therefore, exploitation of this gas pipe is

. . . llowed if the ovality parameter detected during th
deS|.gned a graphical dependence. of the max'mu@(amination of such defects does not exceed 0.074.
equivalent stresseg™® on the ovality parametep
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Figure 15 — Results of modeling the stress state cideformations of the oval section of the gas pipak

Conclusions than 0.074 are dangerous and can lead to an atéaten
a modeled gas pipeline. It was found that the acdas

The method of three-dimensional modeling thenaximum equivalent von Mises stresses occur at the
stress-strain state of main gas pipelines sectwitis beginning and the end of the dent (in the coursthef
defects of the cross-section shape of the pipetg¢denflow movement) in the place of its bend. If the gdipe
ovality) is developed taking into account the gassection is oval, then the maximum equivalent se®ss
dynamic processes occurring in the places of thesee concentrated on the outer wall in the plac¢hef
defects in the inner cavity of the gas pipeline.isit smaller diameter of the pipeline and on the innall in
established that the dents with the depth more thame place of the increased diameter of the pipeline
212 mm and oval areas with an ovality parameteiemo
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Figure 16 — Dependence of the maximum equivalentressesq,,"" on the parameter of ovalitys
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HDocnigxeHHsA HanpyXeHo-AePOPMOBAHOro CTaHy AiNAHOK MaricTpanbHUX
rasonpoBopiB 3 aedekTammu chopmu nonepeyHoOro nepepisy Tpyom

1B Jlopowenko, U1, Mununis, °K A. Honapyw, ‘o Jlopowenko

1 . . . . . .. . i
leano-Dpanxiecvkuil HAYIOHATLHUL MEeXHIYHUL YHIeepcumem Haghmu i 2azy;
eyn. Kapnamcora, 15,m. Isano-@panxiecek, 716019, Vrpaina

’[IAT "Kuisenepeo" CBII "Kuiscoki Tennosi Mepexci" PTM "ITeuepcok'”;
eyn. Tosapna, 1,m. Kuis, 01103, Vrpaina

3niticiero 3D MopearOBaHHS IUITHOK MAariCTpaibHOTO Ta3ompoBoay 3 Aedekramu (OPMHU IOMEPEIHOTO
nepepizy TpyOM — BM'SATHHaMH Ta OBajbHiCTIO. Y mporpamuoMy komiuiekci ANSYS Fluent R18.0 Acaden
BUKOHAHO MOJICIIOBAHHS PyXy rasy I[MMH JUISHKaMHU ra30mpoBoay. MaTeMaTHuHa MOJCIh PyXy Tra3y 0a3yeThbes Ha
po3B’si3anHi piBHAHL Hab'e—CToKca i mepeHeceHHs eHeprii, 3aMKHEHUX JBONapaMEeTPUYHOI0 MOJEIUTIO TYypOyIIeHT-
Hocti Jlaynnepa—Illapma 3 3acTocyBaHHSAM TPHUCTIHHOT (YHKINT 3 BiIMTOBITHMMH TTOYATKOBHMH 1 TPAaHUIHHUMH
ymoBamMH. [IOCHIIKEHO CTPYKTYpy IOTOKY ra3y y AUISHKaX Ta3ompoBoAy 3 nedextamu (HOpMHU TOMEPEYHOTO
nepepizy Tpyou. Pe3ynapraTé MozenrOBaHHS Bi3yadi30BaHO MOOYIOBOIO JIiHIA Tedil, MOJIB MOIYJsS IIBUIKOCTI Ta
THCKY Ha KOHTYpax, B MOB3IOBXKHIX 1 MOTEPEYHNX Tepepizax. Bu3Havamuch TOYHI 3HAYCHHS MIBUAKOCTI, THCKY B
PI3HHX TOYKax BHYTPIIIHBOI MOPOXHWHH [IJSTHOK Ta30lpoBOLy 3 AedektamMu (OpMH MOMEPEIHOTO Iepepisy.
BusiBneHo Miclisi CIIOBITIBHEHHS Ta HMPHUIIIBH/IICHHS Ta30BOT0 MOTOKY, MiABUINCHHS Ta MAIIHHS THCKY.

PesynbraTi MOJENIOBaHHSA BIJKPHIM MOXMIIHBOCTI JJS JOCHIDKCHHS HAMPYXEHO-Ie(OPMOBAHOTO CTaHy
JITSTHOK Ta30TMpoBoAy 3 AedekTaMu GOpPMH MOTIEPEIHOT0 Iepepidy TpyOou. st boro pe3ynbTaTH Tra30JHHAMITHOTO
PO3paxyHKy iMIopTyBaiauch B MexaHiunumii momyias ANSYS Static Structurahys monenroBaHHS HaIpyXKeHO-
Je(OPMOBAHOTO CTaHy. Pe3ynbTaT MOJICIIOBAaHHS Bi3yalli30BaHO MOOYIOBOIO IMOJIIB CKBIBAJICHTHUX HATPYKCHD 32
MizecoM Ta MoJIiB 3araibHUX NehopMalliid, 3 IKHX BHABJICHO 30HH MaKCUMAJIBHHUX Ta MiHIMaJIbHHUX €KBiBaJCHTHHX
HampyXeHb 32 Mi3ecoM 1 3aranpbHuX jaedopmariiii B DiITHKaX ra3ompoBOAY 3 BM ATHHAMHU Ta OBaJbHICTIO TPYOH
pi3HOI BeIMYWHH. 3a pe3ylbTaTaMd MOOYAOBAaHO 3AJIC)KHOCTI MAKCUMAJIbHHX CKBIBAJICHTHUX HANPYKEHb BiJ
TIIMOMHM BM' ITHHY 1 IapaMeTpa OBaJIbHOCTI, 3 SIKNX BU3HAYECHO JAOIYCTUMI po3MipH nedeKTiB.

KirouoBi cnoBa: @M smuna, oonycmumi napamempu, eKGiGANEHMHI HANPYICEHHS, MemoO CKIHYEeHUX
efleMenHmig, 08aNbHICMb, NOAE MUCK) .
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