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Abstract

There is carried out 3D modcling of the trunk gas pipeline sections with defects in the cross section shape of the pipe -
dents and ovalities. The ANSYS Fluent R18.0 Academic sofiware packge simulates gas flow through these sections of the gas
pipeline. The mathematical model of the gas motion is based on the solution of the Navier-Stokes equations and the energy
transfer, closed by a two-parametric model of the Launder—Sharma turbulence, using a wall function with corresponding initial
and boundary conditions. The structure of the gas flow in the sections of the gas pipeline with defects of the cross section shape
of the pipe is investigated. The simulation results were visualized by designing flow lines, the ficlds of velocity and pressure
modules on the contours, in longitudinal and cross-sectional sections. The exact values of velocity and pressure at different points
of the inner cavity of pas pipcline sections with defects in the cross-section shape were determined. The places of slowdown and
acceleration of gas flow, increase and decrcase of pressure were tound.

Such results opened the possibilities for studying the stress-strain state of gas pipeline sections with defects in the shape of
the cross-section of the pipe. The results of the gas-dynamic calculation were imported into the mechanical module of ANSYS
Static Structural for this purpose. where the stress-strain state was modeled by the finite element method. The simulated results
were visualized by designing the fields of von Mises stresses and total deformations. There were revealed areas of maximum and
minimum equivalent von Mises stresses and gencral deformations from these ficlds in the sections of the gas pipeline with dents
and ovality of the pipe of different dimensions. Based on these results there were built the dependences of the maximum
equivalent von Mises stresses on the depth of the dent, the parameter of ovality, and determined the permissible defect
dimensions of the cross scction shape of the pipe.

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

Detfects in the cross-section shape of the pipe of such defects, since they take a complex three-

the gas pipelincs (dents, ovalities) arc local stress
concentrators, which make such places dangerous,
requiring spccial attention and increase of the
assessment accuracy of the hazard level of the gas
pipeline sections with such defects. Therefore, having
detected such defects and calculated their size, the
strength of the gas pipeline must be assessed. The
existing norms for repelling defects in the shape of
cross-sectional pipclines differ in various rcgulatory
documents, and the normative mcthods of such a
calculation do not allow to fully take into account all the
factors that affect the strength of the pipeline in the
place of defects in the shape of the cross-section of the
gas pipelines. In particular, they do not allow us to
estimate the three-dimensional distribution of stresses in
the area of a defect, which is extremely important for
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dimensional geometric curvilinear form. Therefore, a
comprehensive study of the stress-strain state of the
main gas pipeline sections with defects in the cross-
section shape of the pipe is relevant.

It is difficult to accurately estimate the strength of
the trunk gas pipeline sections with defects in the shape
of the cross-section and 1o determine their permissible
parameters duc to the need to solve the problem in
three-dimensional formulation, and also take into
account a wide range of parameters that affect the
stress-strain state of the pipe wall in placc of dents,
ovality, in particular gas-dynamic processes in the inner
cavity of the gas pipeline, as there is a decrease in the
cross-sectional area of the pipe in these places.

Today. such problems can be solved in the shortest
time by means of modern ANSYS simulation software,
which provides the ability to perform multidisciplinary
computations, The strength and hydrodynamic modules
are combined in one interfacc bv means of the new
integration computing environment ANSYS
Workbench. In addition, the current ANSYS
Workbench platform allows you to simulate physical
processes using 3D models built in CAD packages.
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a) measurement of the size of the dent; b) scheme of the dent in the pipeline

Figure 1 — Characteristics of the dent

Defects in the shape of the cross-section of the
pipe may occur in pipelines for different purposes.
Finley D. [1] used computer modelling to investigate
the stress-strain state of DN 400 mm gas pipeline under
pressure with a dent 156 mm long and 28 mm deep,
detected by in-pipe diagnosis. The sheets of equivalent
stresses were obtained at the place of the dent.
Sutomo J. and Wardhana W. [2] modeled the flow of
fluid through the pipeline with a dent. As a result, they
received pouring of speed and pressure in the inner
cavity of the pipeline. The simulation results were
imported into the mechanical module of the ANSYS
program complex, where the stresses in the pipe wall at
the dent were calculated, taking into account the uneven
distribution of pressure in the inner cavity of the gas
pipeline. The geometric three-dimensional dent model
in this paper does not correspond to the real geometry of
such defects because it is not smoothly rounded in the
upper part.

Budylov 1., Kulyasov G. et al. [3] performed a
study of the stress-strain state and estimated the strength
of the pipes of technological pipelines of oil pipelines
with an external diameter of 550 mm in place of dents
using computer simulation methods in DEFORM-3D
and ANSYS. There have been estimated the values of
deformations and strength conditions that ensure the
reliability of technological pipelines with such defects.
It is shown that the greatest damage to the pipeline
occurs when the defect is located transversely. In this
case, the area of the maximum damage does not always
coincide with the boundary and middle points of the
symmetry axis of dents, which confirms the expediency
of three-dimensional design models of dents that would
correspond to the real geometry of defects.

The strength of the oval part of the pipeline can be
estimated by the method shown in P 51-31323949-42
[4]. This technique takes into account the mechanical
and geometric characteristics of the pipe. By this
method. the actual parameter of the ovality of the pipe is
calculated and compared with the permissible one.

Existing methods of calculating the stress-strain
state of gas mains areas with defects of cross-sectional
shape of the pipe do not include the complex three-

dimensional geometric curvilinear form of such defects
and uneven distribution of pressure in the inner cavity
of the pipeline, which is present in the following
locations.

The objective of the study is numerical 3D
modeling of the stress-strain state of the trunk gas
pipelines sections with defects in shape of the pipe
cross-section (dents, ovality) on the basis of gas-
dynamic processes that occur in places of such defects.
Determination of the acceptable parameters of such
defects.

Defects in the cross-section shape of the pipe of
the gas pipelines are dents and ovalities. The most
common causes of such defects are mechanical damage
to gas pipelines, non-compliance with rules and
regulations for their construction. Most often. the causes
of mechanical damage to underground gas pipelines are
construction works near the pipeline. They may appear
due to incompliance of pipeline location with the
location, specified in the project documentation.
negligence or errors of builders that are random.
Mechanical damages associated with external influences
are up to 10% of the total number of defects and
damages to gas pipelines.

A dent is characterized by the length L and the
depth / (Fig. 1). As a rule, the larger the depth of the
dent, the greater is its length.

Ovality of the pipeline is characterized by the
actual parameter

ﬂ — Dmax
D()u!
where D, .D,,, are, respectively, the largest and

smallest external diameters of the pipeline in a cross-
section in the place of its ovality: D,, is the outer

out
diameter of the pipeline.

The problem of evaluating the strength of gas
pipeline sections in the place of defects of the cross-
sectional shape is to be solved in a three-dimensional
formulation. In addition. a complicated physical picture
of the gas flow occurs in the place of defects of the
cross-sectional shape. There is an uneven distribution of
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pressure, which affects the tensile state of the pipe wall.
Therefore. it is necessary to perform a multidisciplinary
calculation combining gas-dynamic calculation with
mechanical one.

This problem can be solved by ANSYS software.
The simulation is performed in the ANSYS RI18.2
Academic Finite Element Analysis software.

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

designing a geometric model of the sections walls
of the gas pipeline with defects in the shape of the
cross-section and geometric flow pattern in these areas
in AutoCad and their import into the Ansys Fluent
geometric module;

modeling a gas flow in the section of a gas pipeline
with a defect in the shape of a cross section in ANSYS
Fluent module;

importing 3D wall geometry and obtained results
from the ANSYS Fluent hydrogases module into the
mechanical module of the ANSYS Static Structural
software:

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

To do this, the calculation scheme shown in Fig. 2

was set in the calculation environment ANSYS
Workbench.

- A - B

1 l 1

2 @ Geometry v 2 Engineering Data

3 @ Mesh @ Geometry v

4 Setup v 4 @ Model

S g Solution v ,——a5 $ Setup v

6 @ Results v 6 §3 Solution

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 gas
pipeline section with a defect in cross-sectional shape
were designed in computer-aided design (CAD)
program AutoCad. There was modeled the section of
the trunk gas pipeline 3.5 m long with an external
diameter of 1420 mm, a nominal wall thickness of
18.7 mm with defects of the cross-sectional shape of a
complex three-dimensional geometric  curvilinear
shape - dents and ovalities. Three dents and four
ovalities of different sizes were modeled. Geometrical
models of gas pipeline sections and dents sizes are
shown in Fig. 3, and the areas of the gas pipeline with
the ovality of the pipe — in Fig. 4. Parameters of ovality
of modeled sections of the gas pipeline were 0.028,
0.042, 0.056, 0.113. The length of the oval section of
the gas pipeline was 1 m, transitional sections (from
round to oval) — 0.5 m and sections with a circular cross
section — 2 m (Fig. 4).

Three-dimensional models of the gas pipeline
section with defects of cross-sectional shape were

70

imported into the geometric module of Ansys Fluent-
Design Modeler (Fig. 5). The models contained three-
dimensional geometry of the wall and three-dimensional
flow geometry. The geometry of the wall was removed
since there were performed only gas-dynamic
calculations in Ansys Fluent.

a) h=173mm, L=607mm;b) h=277 mm,
L=896mm;c) h=424 mm, L=1195mm

Figure 3 — Geometric models of the gas pipeline
sections with dents

Figure 4 — Geometric model of the gas pipeline
section with pipe ovality

b)
a) a dent; b) ovality

Figure 5 — Geometric models of the flow
in the gas pipeline section with defects
of the cross section shape in DesignModeler
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Modeling of gas dynamics

A volumetric computational mesh Automatic was
generated in the Fluent Meshing ~ the volume was filled
with triangular prisms, and if it was not possible, then
parallelepipeds were applied. The size of the mesh
elements was set as 0.1 m (Fig. 6). There was also
created a wall layer of Inflation lattices with a lattice
height of 0.1 m and a number of their layers — 5 for a
better description of the boundary layer, and the mesh
was ground to the size of the mesh elements — 0.03 m
for better modeling the flow in the location of the dent
(Fig. 6, a). For this size of mesh elements, the results of
the calculation were qualitatively visualized. and the
calculation time was about an hour. After generating the
mesh, the boundaries of the input and output of the flow
were set.

b)
a) a dent; b) ovality

Figure 6 Computational volumetric mesh
of the flow

A standard two-parameter Realizable & —& model
of Turbulence Modification has been chosen in ANSYS
Fluent. The Turbulence model & —¢& does not allow to
fully simulate the effects that occur near the walls.
Therefore, there were used the near wall functions for
the qualitative modeling of near wall flows. There was
chosen near wall function Enhanced Wall Treatment —
extended near wall modeling.

Natural gas was chosen from the ANSYS Fluent
materials database and assigned to the computational
mesh. To solve problems of gas dynamics there should
be taken into account the compressibility of gas. The
point of Real-gas was chosen for this purpose. Besides,
Energy equation is automatically added to the equations
to be solved and when setting the boundary conditions,
it is necessary to set the temperature of the gas. Steel
was selected as a wall material from the ANSYS Fluent
material database.

The following boundary conditions were specified
in Boundary Condition menu (Fig. 8, a), (Fig. 13, a).
Mass flow inlet M, =697.9 kg /s was set at the inlet,
=6.2 MPa - at the outlet. In
addition to setting the mass flow rate at the inlet, the
Turbulence Intensity was set 5 % in the Mass flow inlet
window, the Hydraulic Diameter and the gas
temperature 7, =293 K were set at the inlet. When

1

and Pressure outlet P,

ot

setting the pressure at the outlet, the Turbulence
Intensity 5 %. the Hydraulic Diameter and the gas

temperature T,, =293 K were also specified in the

Pressure Outlet window. As a rule, the intensity of
turbulence does not exceed 20 %, but in most cases it is
in the range of 1 to 10 %. For a turbulence intensity of
5 %. the flow is considered to be completely turbulent.

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

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

RN (Puu;) =
9 d ?
P, 0 ' p
dx. ox.| |odx, I '
»—(pui)+ a [ puju . AP -(pu/u;)z
‘ ) (3)
» i( ( , -
ox. i ox. a ox. 0x, /-
op d
ar +T\.‘_(p”.l'):0’ (4)

where x ., x, are the coordinates; ? is time; u,, u, are
velocity components; p is the density of gas; u is the
molecular dynamic viscosity of gas; f is a term that
takes into account the effect of mass forces; p is the
pressure; u, are time-averaged velocity values; u’ are

the constituents of velocities pulsation. [5]

The results of gas flow simulation in sections of
the gas pipeline with defects of cross-sectional shape
were visualized in ANSYS Fluent post-processors,
ANSYS CFDs (Fig. 8. Fig. 9, Fig. 13).

Modeling of the stress-strain state

Three-dimensional wall geometry and the results
obtained from the ANSYS Fluent hydro-gas dynamic
module were imported into the mechanical module
ANSYS Static Structural for modeling the stress-strain
state of the gas pipeline section with defects of cross-
sectional shape.
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Then there was set the material — 13G1S-U steel. A
volumetric computational mesh Automatic was generated
in the Static Structural — Meshing preprocessor. The
size of the mesh elements was set at 0.07 m (Fig. 7). In
place of the dent, the mesh was crushed to the size of
the mesh elements — 0.03 m (Fig. 7, a).

a) a dent; b) ovality

Figure 7 — Computational volumetric mesh
of the pipe wall

Then. the results of computing the pressure
distribution on the inner wall of the pipe were imported
from the hydro-gas dynamic module of ANSYS Fluent
to the mechanical module of ANSYS Static Structural
(Fig. 10. Fig. 14). The ends of the sections of gas
pipelines with defects of the cross-sectional shape were
fixed on the ends. The load of the influence of soil was
applied on the outside of the pipeline by the Elastic
Support function, where loam was taken as soil.

The simulation of the stress-strain state in the
ANSYS Static Structural module is performed by the
finite element method. The basic idea of this method is
that any continuous quantity such as temperature,
pressure and displacement can be approximated by a
discrete model based on the set of finite-continuous
functions. In the general case, the continuous value is
not known in advance. and it is necessary to determine
the value in some interior points of the area. A discrete
model is very easy to design if we first assume that the
numerical values of this value are known in each inner
area. Then we can study the general case. Consequently,
when designing a discrete model of continuous value,
proceed as follows:

a finite number of points is fixed in this domain.
These points are called nodal points or nodes;

the value of a continuous quantity at each point is
considered as a variable to be determined:

the domain of definition of a continuous value is
divided into a finite number of domains called elements.
These elements have common nodal points and
approximate the shape of the domain;

the continuous value is approximated to each
element by a polynomial, which is determined by the
nodal values of this quantity. There is determined its
polynomial for each element. but the polynomials are
chosen so that the continuity of the quantity along the
element boundaries (which is called the function of the
element) is preserved. The choice of the form of
elements and their functions for specific tasks
determines the accuracy of an approximate solution and
depends on the ingenuity and skill of the engineer.

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

In the case of tension. the relative elongation of the
rod as follows

of 1 u;
-l

Expression —|—l' 1| is considered a matrix. then

where {b}=<"' | is the movement of the element

nodes.
The stress function (stress vector) is expressed through
the deformation vector

(7
where |D| is the matrix of elasticity (binds stress and

deformation with each other); {g,} are initial

deformations; {O’O} are initial stresses [6].

The results of the gas-dynamic modelling were
visualized in the ANSYS Fluent and ANSYS CFD post-
processors, which allowed seeing the structure of the
gas flow in the areas of gas pipelines with dents. There
were designed the fields of velocities in longitudinal
sections (Fig. 8, b. d, /), lines of the flow (Fig. 8, ¢, e, g).
pressure fields in longitudinal sections (Figs 9. a. ¢, e)
and on contours (Fig. 9, b. d, f). By selecting the Probe
button on the ANSYS CFX software toolbar. the exact
velocity and pressure values were determined at any
point in the field of velocity or pressure module.

Based on the velocity fields in longitudinal planes
(Fig. 8. b. d. /) and streamlines (Fig. 8, ¢, e. g) it was
determined that the flow velocity along the axis of the
gas pipeline was v, =10.3m/s at the inlet of the

m

section of the gas pipeline with a dent. There is a slight
decrease in the flow rate from the axis in the direction
of the wall. and the speed of the gas streamline
decreases sharply near the wall. There is a slowdown of
the gas streamline to 4 nvs in the beginning and the end
of the dent (in the course of the product movement). in
the place of its bend. and the greater the dent. the
slowdown area is greater. There is a significant
acceleration of the flow near the middle of the dent (in
the place where its depth is maximal). Moreover, the
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M, =697.9kegs
D, =13826m
T,,=293K

h=173 mm
L =607 mm

I R RN R T
h=277mm
L =896 mm

h =424 mm
L=1195mm

h

P,, =6.2MPa
D,,=1386m
T,.=293K
n=173 mm
L =607 mm
h =277 mm
L =896 mm
8

a) computational scheme, b), d), f) velocity fields in the longitudinal plane; c), e). g) lines of the flow

Figure 8 — Results of modeling the flow rate of gas flow by the gas pipeline with a dent

greater the depth of the dent. the faster is the flow and
the larger is the area of acceleration. Thus, at the depth
of the dent 173 mm the maximum flow rate is 14.27 m/s
(Fig. 8. b. ¢). at a depth of 277 mm - 15.34 m/s
(Fig. 8. d. e), and at a depth of 424 mm - 16.61 m/s
(Fig. 8. 1. g).

As can be seen from the pressure fields (Fig. 9).
the pressure is distributed unevenly in the place of the
dent. Since the length of the gas pipeline area is small,
the pressure at the inlet is approximately equal to the

pressure set at the outlet and equals to 6.2 MPa. Based
on the pressure fields it was noticed that there was a
slight increase in pressure at the beginning and at the
end of the dent (in the course of the product movement),
in the place where the gas streamline was detected. and
the greater the dent, the area of increase and the
magnitude of the pressure increase is greater. There is a
drop in pressure near the middle of the dent (in the place
where its depth is maximal). Moreover, the greater the
depth of the dent, the greater is the pressure drop area.
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A=173 mm

L =607 mm
h=277Tmm
L =89 mm
h =424 mm
L=1195 mm

e)

n

a), ¢), e) pressure fields in longitudinal plane; b), d), f) pressure fields on the contours

Figure 9 — Results of modeling the pressure distribution in the inner cavity of the gas pipeline with a dent

The uneven distribution of pressure in the inner
cavity of the gas pipeline in the dent (Fig. 9) affects the
stress state of the pipe wall. To account for this effect,
the computational results of pressure on the inner wall
of the pipe were imported from the ANSYS Fluent
hydrogases module into the mechanical module ANSYS
Static Structural (Fig. 10).

The results of the modelling the stress-strain state
of the gas pipeline plane with dent were visualized by
the finite element method in ANSYS Static Structural
by designing the fields of equivalent von Mises stresses
(Fig. 11, a. ¢, e, g) and the fields of total deformations
(Fig. 11, b, 4, f).

It is evident from the fields of equivalent von
Mises stresses and total deformations, that the area of
maximum equivalent von Mises stresses and the area of
the maximum total deformations was formed on the
outer wall at the beginning and the end of the dent
(in the course of the flow movement) at the point of its
bend. where the pressure increase was detected (Fig. 11).
Moreover. the larger the dent, the greater is the
magnitude of the maximum equivalent stresses and

maximum total deformations. Thus, at the depth of
denture 173 mm and the length of 607 mm the
maximum equivalent von Mises stresses are 352.2 MPa
in this area, and the maximum total deformations are
3.3 mm (Fig. 11, a, b). the maximum equivalent stresses
and the maximum total deformations are 6.7 mm at the
depth of the dent 277 mm and the length of 896 mm
(Fig. 11, ¢, d), the maximum equivalent stresses are
802 MPa and the maximum deformations are 11 mm
at the depth of the dent 424 mm and the length of
1195 mm (Fig. 11, e, /).

Based on the modeling results, the graphical

dependence of the maximum equivalent stresses o™
on the depth /& of the dent was designed (Fig. 12).
From the graphic dependence it was found out that the
values of the maximum equivalent stresses were larger
than the boundaries of 13G1S-U steel flux, which was
set to the wall of the pipe, at the depth of the dent more
than 212 mm. In the case of exploitation of the gas
pipeline in the mode, given in the input data. and the
depth of the dent more than 212 mm there can begin the
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Figure 10 — Results of computing the pressure distribution on the inner wall of the pipe
in the place of the dent, imported from ANSYS Fluent in ANSYS Static Structural

h=173 mm h=173 mm
L =607 mm L — 607 mm
h=277mm h=277 mm
L — 896 mm L =896 mm
d)
h—-424 mm h=424 mm
L=1195mm L=1195mm
[ Ll
e) h
h—424 mm
L=1195mm

8
a), c). e). g) equivalent von Mises stresses; b). d). f) total deformations

Figure 11 — Results of modelling the stressed state and deformations of the gas pipeline section with a dent
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development of the plastic deformation of the metal and
loss of the bearing capacity of the pipe wall. Therefore,
exploitation of this gas pipeline is permitted if the depth
of the dents, detected during the examination, does not
exceed 212 mm.

As can be seen from the fields of equivalent von
Mises stresses (Fig. 11, g), these stresses are much
smaller at the inner wall at the beginning and the end of
the dent (in the course of the flow movement), in the
place of its bend, than at the outer wall. There is a
significant decrease in equivalent von Mises stresses
and total deformations near the middle of the dent (in
the place where its depth is maximal) (Fig. 11).

The results of the gas-dynamic modeling were
visualized in the ANSYS CFD post-processor, which
allowed to see the structure of the gas flow in the oval
section of the gas pipeline. Based on the results of the
gas-dynamic modeling, it has been established that the
velocity of the gas flow in the oval part does not change
as the cross-sectional area of the gas pipeline does not
change. The pressure fields were designed in
longitudinal and transverse sections (Fig. 13, b) and on
contours (Fig. 13, ¢).

Based on the values of the pressure fields in the
longitudinal and transverse sections (Fig. 13, ) and on
the contours (Fig. 13, ¢), it was determined that the
pressure is unevenly distributed in the place of the gas
supply. Since the length of the gas pipeline is small, the
pressure at the inlet is approximately equal to the
pressure set at the outlet and it is 6.2 MPa. Based on the
values of the pressure fields it was observed that there is
a slight increase in pressure in places where the
diameter of the pipeline begins to decline at the
beginning of the transition from round to oval shape of
cross-section (in the direction of the flow motion) and
vice versa — there is a slight reduction of pressure in
places where the diameter of the pipeline begins to
increase. The same uneven pressure distribution is
observed at the end of transition from the oval cross
section to the round (in the direction of the flow
movement). At the end of transition from a circular to
an oval cross-sectional shape (in the direction of flow
movement), uneven redistribution of pressure also
occurs. There is a slight decrease in pressure in places

where the diameter of the pipeline finishes decreasing
and, conversely, there is a slight increase in pressure in
sites where the pipeline diameter is increasing. The
same uneven distribution of pressure is observed at the
beginning of transition from the oval cross section to the
circular (in the direction of the flow movement).

The uneven distribution of pressure in the inner
cavity of the gas pipeline with the ovality (Fig. 13)
affects the stress state of the pipe wall. To take into
account this effect, the computational results of pressure
on the inner wall of the pipe were imported from the
ANSYS Fluent hydro-gas dynamic module into the
mechanical module ANSYS Static Structural (Fig. 14).

The results of modeling the stress-strain state of
the gas pipeline section with the ovality of the pipe by
the finite element method in ANSYS Static Structural
were visualized by designing the fields of equivalent
von Mises stresses (Figs. 15, a, ¢, ¢, g) and fields of
total deformations (Figs. 15, b. d ., f. h).

Based on the values of the fields of equivalent von
Mises stresses, it can be seen that the maximum
equivalent stresses are concentrated in the place of the
ovality of the pipeline and are not evenly distributed.
They are concentrated on the outer wall in the place of
the smaller diameter of the pipeline and on the inner
wall in the place of the increased diameter of the
pipeline. The minimum equivalent stresses, on the
contrary, are concentrated on the inner wall in the place
where the diameter of the pipeline decreases and on the
outer wall at the point where the diameter of the
pipeline increases (Fig. 15, a, ¢. ¢, g). The largest
deformations of the pipeline are observed in the place of
the reduced diameter of the pipeline. They are also large
in the place where the diameter of the pipeline
increases, but somewhat smaller than in the place of
their reduction (Fig. 15. b. d. 1, I).

With the increase of the ovality parameter. the
magnitude of the maximum equivalent stresses and
deformations increases. Thus, when the magnitude of
the ovality parameter equals £ =0.028, the maximum

equivalent von Mises stresse are 225.5 MPa in the place
of ovality, and the maximum total deformations are
5.5 mm (Fig. 15. a. b), when the magnitude of the
ovality parameter is f-0.042, the maximum
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b)

c)

a) the computational scheme; b) the pressure fields in the longitudinal and transverse sections;
c) the pressure fields on the contours

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

B: Static Structur al
imported Pressure
Time: 1, 5

Al

Unit: Pa

6,19581¢6 Max
6,19336e6
6,19091¢6
6,18846¢6
6,186e6
6.18355¢6
61811e6
6,17865¢6
6,1762¢6
6.17374e6 Min

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

equivalent stresses are 275 MPa. and the maximum total
deformations 8.3 mm (Fig. 15, ¢, d), when the
magnitude of the ovality parameter is [ =0.056 the

maximum equivalent stresses are 317.8 MPa, and the
total maximum deformations are 10.7 mm (Fig. 15, e, /),
and when the magnitude of the ovality parameter is
P =0.113, the maximum equivalent stresses are

527.3 MPa, and the total maximum deformations are
22.1 mm (Fig. 15, g. ).

According to the simulation results, there is
designed a graphical dependence of the maximum

max

equivalent stresses & on the ovality parameter 8

(Fig. 16). Based on the graphic dependence it is
established that if the ovality parameter is more than
212 mm, the maximum equivalent stresses are larger
than the boundaries of 13G1S-U steel flux. which was
set to the wall of the pipe. In the case of exploitation of
the gas pipeline in the mode specified by the initial data
and with the ovality parameter more than 0.074. there
may occur the development of the plastic deformation
of the metal and the loss of the bearing capacity of the
pipe wall. Therefore, exploitation of this gas pipeline is
allowed if the ovality parameter detected during the
examination of such defects does not exceed 0.074.
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h)

a). ¢), e), g) — equivalent von Mises stresses; b). d), f). h) — total deformations

Figure 15 — Results of modeling the stress state and deformations of the oval section of the gas pipeline

Conclusions

The method of three-dimensional modeling the
stress-strain state of main gas pipelines sections with
defects of the cross-section shape of the pipe (dents,
ovality) is developed taking into account the gas-
dynamic processes occurring in the places ofi these
defects in the inner cavity of the gas pipeline. It is
established that the dents with the depth more than
212 mm and oval areas with an ovality parameter more

than 0.074 are dangerous and can lead to an accident for
a modeled gas pipeline. It was found that the areas of
maximum equivalent von Mises stresses occur at the
beginning and the end of the dent (in the course of the
flow movement) in the place of its bend. If the pipeline
section is oval, then the maximum equivalent stresses
are concentrated on the outer wall in the place of the
smaller diameter of the pipeline and on the inner wall in
the place of the increased diameter of the pipeline.
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Figure 16 — Dependence of the maximum equivalent stresses ¢,

The developed method makes it possible to
determine the influence of defects in thc shape of the
pipe cross section of the gas pipelines on its bearing
capacity, to perform the ranking of such defects by the
degree of danger, and to determine which of them are
critical.
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docnipxeHHA HanpyxeHo-aedOpMOBaHOIo CTaHy AINAHOK MaricTpanbH1X
rasonposogis 3 gecexrammn opmMn nonepeyHoOro nepepisy Tpybum

‘q.B. Hopowenxo, 1.1 Huaunis, °K.A. Honapyw, '10.1. Hdopouwtenko

! Ieano-@paniecexuti HayioHaTbHULl MEXKINKUE yRIGEpCUMem Hadmu | 2a3y;
eva. Kapnamceka, 13, M. {sano-@pankiscor, 76019, Yxpaina

IIAT "Kuigenepeo” CBIT "Kuiacoxi Tentoai Mepenci” PTM "Mevepcok”;
gva. Toeapna, 1, m. Kuis, 01103, Yepainu

3niiicHeno 3D MOjenOBaHHA OUIAHOK MaricTpajJbHOTO TAa30nPOBOAY 3 AedekTamu $HOpMHM NONEPLCHROro
nepepizy TpyOM — BM ATHHAMHM T4 OBambHIcTIO. Y nporpamHoMmy komninekci ANSYS Fluent R18.0 Academic
BHKOHAHO MOJIC/IIOBAHHS PyXY rasy UMMM RUIIHKAM¥ ra3onpososy. MaTemaruuHa MOJCHE pyxy rasy 04a3yeTncs Ha
po3B’a3aHHi piBHAHbL HaB’e—('ToKCa i MepeHeceHHA CHEPrii, 3aMKHEHHX JIBONAPAaMETPUYHOIO MOACIUTIO TYpOyneHT-
nocti Jlaynnepa—Illlapma 3 3aCTOCYBaHHSIM NMPHCTiHHOT (yHKUIl 3 BIATOBIAHMMHE TOYATKOBMMH 1 TPaHHYHKMU
yMoBaMH. JIOCTIIKEHO CTYPYKTYPY NOTOKY ra3y y AiisHKax rasonpoeony 3 zaedexramu Qopmu momnepesHoro
lepepizy TpyOH. Pe3ynsTarv MOZENIOBAHHA Bi3yan i30BaHo No0Oya0BOK NiHIM Tevil, moaiB MOIYss WBUAKOCTI T4
THCKY Ha KOHTYpax, B HOB3JOBXHIX i MONEpEeYHMX nepepizax. BU3Hauaauch TOUHI 3HAYEHHA MBHAKOCTI, THCKY B
PI3HHUX TOYKax BHYTPIUIHBOI MOPOXHMHM AUISHOK razonpoBoly 3 aedexrtamu (DOPMH TIONEPCHHOTO lEpepisy.
BusgpneHo Micus CIOBITbHEHHS Ta NPUIUBHIAMICHHS Ia30BO10 MOTOKY, NIABHIIEHHS Ta DAAiHHA THCKY.

Pe3ynbraT MOZETIOBAHHS BIAKPHIH MOMJIIMBOCTI M OOCHIDKEHHS HAMPYXCHO-AeQOpMOBaHOTO CTaHy
Ji:ITHOK ra3onpoBrojy 3 AedekTaMu (GOPMH NONCPEUHOro nepepizy TpyOu. s 1boro pe3ynbTaTi ra3o/IMHaMIi4HOTO
PO3paxyHKy IMOOPTYBaJHCE B MexaHiYHMH moiayms ANSYS Static Structural ons MoJeirOBaHHS HaNPyXeEHO-
AchOPMOBAHOrO CTaHyY. Pe3yNbTaTH MOAETIOBIHHA Bi3yanizoBaHO MOGYAOBOIO NONIB EKBIBAJCHTHUX HATIPYXCHb 3a
Mi3ecoM Ta noaiB 3aranbHUX AeGopmaliif, 3 AKMX BMABICHO 30HM MaKCHMAJIbHHMX Td MIHIMZIBHHX €KBiBANCHTHHX
HanpyxeHb 3a Mizecom i zaransinx aedopmauiit B AiAHKAX 1a30MpoBOAY 3 BM'STHHAMM Ta OBAIBHICTIO TpyOu
Pi3HOT BCAHYHMHM. 3a pe3ynbTaTaMu No0yJ0BaHO 3aJEXHOCTI MAKCHMANbHMX CKBIBATCHTHHX HANpYXeHb Bij
rnHOMNN BM ATHHH | NapaMeTpa OBaNbHOCTI, 3 AKUX BH3HAUEHO JONYCTHMI pO3MipH AediekTis.

KnmouoBi cinoBa:  ea 'smuna, eKeieanenmii MEMOOQ  CRiNwenux

eqeMenne, 0edabHICHL, ROAE MUCKY.

donvemumi  napamempu, HANPYIHCEHHA,
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