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Abstract

The research has been carried out for the purposeomplex numerical thregimensional modeling of the stressed ¢
of taps and tees of main gas pipelines taking &etmunt the gadynamic processes occurring in these shaped elsraadtth
temperature difference in their walls.

A 3D modeling of the elbowvith a 90° angle and a reinforcing pad on the nliamand the drainage of the passage lir
the trurk of the main gas pipeline has been carried ouerdhas been studied the gas flow with 3D modethaped elemer
of the main gas pipeline by means of the CFD modeliihe simulation has been performed for the eqtadt tees in which tl
entire flow from the main stream flows into its bch. The mathematical model is based on the solafdhe NavierStoke:
equation system, continuity equation, closed bywa-parametric k—¢ model of the LaundeBharma turbulence wi
correspoding initial and boundary conditions. The simulaticesults are visualized in the ANSYS Fluent R18cdemi
Postprocessor by constructing the pressure fietdshe contours and in the longitudinal and transwesections of shag
elements. The exact values of pressure at diffgreintts of the inner cavity of the shaped eleméiatge beerdetermined, th
places of rise and fall of pressure identified. FfENgave been performed the simulation of the teaiper difference in the wa
of the drainagethe trunk of the main gas pipeline in the moduleSM$ Transient Thermal. The results of CFD and teatpes
modeling were imported into the mechanical moduMdSXS Static Structural, where the finite elementhud was used
simulate the stressed state of the shaped eleméritsee main gas pipeline, taking into account tlasdynamic process
occurring in their internal cavity and the temperatdifference in the walls. The results of theidation have been visualiz
by constructing a three-dimensional color fieldeqtiivalent von Mises stresses in the tee andaretbow The places of tt
maximum equivalent stresses in the wall of theistlidhaped elements have been revealed.

Keywords:elbow, CFD modeling, Navier—Stokes equations, sstds, tee, temperature difference.

The modern gas transmission system of Ukraine strength of elbows, tees of main gas pipelines is
a complex network of gas pipelines, which consists complicated by the occurrence of additional streske
straight sections, curves of hot (elbow) and colto the temperature difference in their walls, umeve
bending, tees, shut-off and control valves. Theatg®t pressure distribution in the inner cavity of theaséd
number of elbows, tees is contained in the pipifg elements.
compressor stations, underground gas storages, gas Today, such tasks can be solved by the computer
distribution stations. The elbows contain compesrsat simulation software package ANSYS, which provides
for above-ground transitions of gas pipelines, they the ability to perform multidisciplinary calculatis.
also in places of sharp fractures of the terraimg of Using the new integrating calculation environment,
the pipeline route. There are tees at the beginning ANSYS  Workbench  combines the  strength,
each branch from the main gas pipeline, in thegdad hydrodynamic, and temperature modules in one
jumpers between gas pipelines, at the beginningaandinterface. In addition, the modern platform ANSYS
the end of loopings, multi-thread underwater cmgsi Workbench allows us to simulate physical processes
and the like. using 3D models built in most CAD packages.

In the elbows, tees of the main gas pipelines the Elbows and tees contain pipelines for various
direction of movement of the product changes, whichurposes (gas pipelines, oil pipelines, nitrogen
leads to a complex physical picture of the gas flowpipelines, steam pipelines of nuclear and therralgy
There is a turbulent movement of the gas stream, @fants, pneumatic conveying pipelines, etc.). Ta&ls
uneven distribution of pressure. The study of th#éhe curiosity of many researchers to the studyhef t
processes occurring in their internal cavity ané th
influence of these processes on the wall of thevetb

Many computer scientists are engaged in computer
modeling of hydro-gas-dynamic processes in the
internal cavity of elbows, pipe tees, and the stgin
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Figure 1 — The calculation scheme defined in the ABlY'S Workbench calculation environment

In particular, Kumar S. and Kumar A. [1]direction of movement of the product in the plade o
simulated the movement of water and hydrocarbonatethows and tees that leads to a complex physictngi
by elbows. The results of this simulation were im@d of the gas flow. An uneven pressure distributioours,
into the ANSYS Static Structural mechanical modulewhich affects the stress state of their wall. Altoe
where the stress-strain state of the elbows wasmperature difference affects the stress statieeofvall
simulated. As a result of such modeling, there wasf the elbows and tees. Therefore, it is necessary
obtained pouring of pressure and flow rate in thperform a multidisciplinary calculation by combigima
internal cavity of the pipe elbows, diagrams ofgrin gas-dynamic, temperature calculation with a medasni
stresses in the wall of the elbows. one.

Qing-Ren W., Zhen C., Xue-Qing L., Kui W. and This problem can be solved in the Finite Element
Lu-Yi L. [2] used numerical simulation in the AnsysAnalysis ANSYS R18.2 Academic software.

software package to study the stress-strain sthte o The complex procedure for numerical modeling of
reinforced welded tee of a thermal power plant aith the problem under consideration consists of sigesta
defects and with cracks in various places of thédwe modeling of three-dimensional geometry of the
and near it. Modeling was performed for differerdak  walls of elbows, tees and modeling of flow geometry
sizes. The calculation results were visualized L simulation of gas flow in the elbow, tee in the
constructing three-dimensional color stress fidlden ANSYS Fluent module;

which it was revealed that the greatest stresseahen import of the obtained results from the ANSYS

tees are concentrated in the place of welding ef tIFluent hydrodynamic module into the ANSYS Static
branch to the tee line. It was established thah ltle¢  Structural mechanical module;

length and depth of the crack affect the value h&f t simulation of the temperature difference in the
stress intensity factor. walls of the elbow and tee in the Transient Thermal

Bhattacharya A. [3] calculated the stress intensimodule for calculating thermal processes;

factors for reinforced tees using the finite elemel import of the obtained results from the Transient
method. The calculation results were visualized kThermal process calculation module into the ANSYS
constructing three-dimensional color fields of #ieess  Static Structural mechanical module;

intensity factor from which it was found that the simulation of the stress state of elbows and tees i
greatest stresses in the tees are concentrated point the mechanical modules of ANSYS Static Structural.
of welding of the branch to the tee line. For numerical simulation of the problem under

The existing methods for calculating the stres:consideration, the calculation scheme shown inreidu
strain state of shaped elements of gas mains dtaket has been set in the ANSYS Workbench calculation
into account the uneven distribution of pressur¢him environment.
internal cavity of the elbows, tees.

Therefore, the aim of the study is a comprehensive  Geometric modeling
numerical three-dimensional modeling of the stetate
of elbows, tees of main gas pipelines, taking into  The three-dimensional geometric model of the
account the gas-dynamic processes that occur Bethelbow with a rotation angle of 90° (Fig. a?
shaped elements, and the temperature differentteein corresponds to GasTC 102-488/1 Standard [4], which
walls. are widespread in the gas industry. The outer diame

of the elbow is1420mm, a nominal wall thickness of

Statement of the main material the elbow is 24mm. The outlet was modeled with

The task of studying the strength of elbows, tdes %ngni?; E—:gg r?grcr::ggfvsglll tm;z;gggt& (;lr{?: elEmnis

gas pipelines should be solved in a three-dimeasion
setting. In addition, there occurs a change in the
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Figure 2 — Geometric models of fittings

A three-dimensional geometric model of a tee 0 0 0 L,
with reinforcing pads on the pipeline and the brané E(p |)+07(pui XU )+07(pui U ):
the tee (Fig. D), in which the gas moves along the line ! ! @
of the tee and from the line the entire flow moies p 0 du;,  Ou;
the branch of the tee, correspond<O®T 10261 [5]. = _6_-+67 a_.+a_x f,
The equal tee has the outer diameter of the pipelind % J % !
branch is1420mm. The inner diameter of the pipeline 6p+ b] 0 3
and branch is1364mm. The tee was drawn with or E(’ou/) o 3)

adjacent sections of the pipeline 3 m long and \&ith
external diametel420mm and nominal wall thickness _ . .
18.7mm. The inner diameter of the pipesligg2.6nm SPeed components;is the gas densityy is molecular

and it is equal to the hydraulic diameter specifiad dynamic viscosity of the gad; is a term that takes into
ANSYS Fluent account the action of mass forces;is pressure forces;

where X , x; are the coordinated; is time ;u;, u; are

To study the strength of elbows and tees, takiru, are time-averaged velocity values) are the
into account all the loads that act on them, it | components of velocity ripple.

necessary to solve the connected problem of t In ANSYS Fluent, these equations are closed by a
dynamics of the gas flow movement by the branch Atwo-parameterk—¢ (k is turbulent energy,s is

th? stresses of the_plpe (‘;V"’}"S' For tg'sjl two fsﬁpahr turbulent energy dissipation rate) turbulence model
volumetric geometric models were Dbuilt — for the,picp provides for the solution of the following
internal cavity of the pipeline along which the dksv equations:

moves, and for the wall of the pipeline. turbulent energy transfer equatioks

Simulation of gas dynamics M+D uk) =0 + 2 0kl + 1 6= oe - 4
P (ouk) o H G- pz ; (4)
The gas flow movement in ANSYS Fluent is

modeled by numerically solving systems of equatior ( t)urbulent dissipation transport equatumsgz
describing the most general case of a moving gasec 9( 0 _ 2 £ L

medium. These are the Navier—Stokes equations (g +0(pue) =0 y+;€ He +C1EMG Qp—k )
which expresses the law of conservation of momentul ] ]

(or Reynolds (2), if the flow is turbulent) and ¢omity Where u is the gas flow rate;s is the turbulent

(3), which expresses the law of conservation ofsnas dynamic viscosity of the gasgr, is the coefficient equal

0 0 A~ . -
E(pu’) "'a_(p”i”j) - to one; G is a calculated parameted, is a coefficient
Y 1 equal to o, =1.3; C, is a coefficient equal to
__op o fou O p M) C, =1.44; G, is a coefficient equal t€, =1.92.
- ox; axj axj ox; i The gas flow in the elbow and tee was simulated in

the ANSYS Fluent module. The Fluent—-Meshing
preprocessor generated a volumetric computatiatdl g
For a better description of wall processes, a Vegler

of lattices was created. There was chosen a s@ndar
two-parameter Realizable Turbulence model. For -high
quality modeling of flows near the wall, the Enhadc
Wall treatment function was chosen. Natural gas was
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a) on the contours; b) in the planes of horizomdalgitudinal and cross sections
Figure 3 — Pressure distribution fields in the elbw

a)
a) on the contours; b) in the planes of horizomdalgitudinal and cross sections

Figure 4 — Fields of pressure distribution in the ¢e in which gas moves through the tee line and tflew
moves from the line to the tee branch

chosen from the ANSYS Fluent material database and As can be seen from the pressure fields (Fig, 8),
assigned to the grid. the tee pressure is also not evenly distributedhdntee

The boundary conditions, specified in the ANSYSine, pressure increases to 4937790 Pa at the point
Fluent preprocessor, are shown in Fig. 2 and Thble where the gas flows into the branch, and there is a
pressure drop in the tee branch. Moreover, the
maximum pressure drop is observed at the beginrfing
the tee branch from the opposite direction of flwithe

Table 1 — Parameters of modeling gas flow
in the elbow and tee of the gas pipeline

Parameter Value tee line. At this point the pressure drops to 4%23Ba.
Input mass flow rate, kg/s 697.9 This uneven pressure distribution affects the stetate
Temperature, K 297 of the tee.
Turbulence intensity, % 5 ) )
Outlet pressure, MPa 493 Modeling of the stress-strain state
Hydraulic diameter, m 1.3826

Modeling of the stress-strain state of elbows and
The simulation results of the gas flow through th(teees in the ANSYS Static Structural module was
erformed by the finite element method. The maeaal

S . D
elbow ~were ~visualized in the ANSYS  CFD 0 finite element method were laid down in &fid
POStProcessor.

Pressure fields were built on the contours (Fig) 3 consist in the fact that any continuous quantitghsas

and in the planes of horizontal longitudinal andssr gam?;:?;:rti’ d E re:sgirseére{ae ncrin Ogspl\?vﬁgeir:’ ba?saergi 0?16
sections of the elbow (Fig.t3. PP Y '

As can be seen from the pressure fields (Fig, B), many finite-continuous functions. In the generasea

the pressure in the elbow is not evenly distributEd the continuous quantity is not known in advance] i&n

flow structure in the elbow is determined by the> necessary to determine the value of this quaalit

. . ) o some internal points of the section. A discrete ehasl
increase in pressure in the direction from the awado

the convex side of the elbow. There is a decrease o) S5 o built, if we first assume that the euioa|

. values of this quantity in each inner section arevin.
pressure near the concave side of the elbow to8982Ba q y
: s ; fter that, we can move on to the general case.
and an increase in pressure near the convex side

4931980 Pa. Such an uneven pressure distributiggﬁtzﬁ?gﬁjs %V:er%tug%ns?ggggg a2 fc?l:iscg-te model of
affects the stress state of the elbow. 9 P :
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Figure 5 — Results of calculating the pressure digbution on the inner wall of the elbow imported
from ANSYS Fluent into ANSYS Static Structural

in this section, a finite number of points is fixed The stress state simulation of the elbow and tee
These points are called nodal points or nodes. was performed in the mechanical module ANSYS Static

the value of a continuous quantity at each point Structural. A three-dimensional geometry of theallw
considered a variable, which must be determined,; was imported into this module. In the database of

the continuous domain is broken down into a finit materials of the software package, there was spdcif
number of sections called elements. These elemetubular steel of strength class K60 (tensile stieng
have common nodal points and collectively approxéma g, . = 589 MPa, yield strengtho,s = 441MPa).
the shape of the section;

the continuous quantity is approximated on eac
element by a polynomial, which is determined ughng
nodal values of this quantity. Each polynomial i
determined for each element, but the polynomiaés a.
chosen so that the continuity of the value along tt
element boundaries is preserved (it is called lbment
function). The choice of the shape of the elemants
their functions for specific tasks determines th
accuracy of the approximate solution and depends
the ingenuity and skill of the engineer.

The strain function or the strain vector is expeess
by the displacement function.

In case of tension, elongation of the shaft is ¢
follows

To take into account the influence of the uneven
distribution of pressure in the internal cavity tfe
elbow (Fig. 3) and tee (Fig. 4) on their stressestthe
results of calculating the pressure distribution tbe
inner wall of the elbow and tee from the ANSYS Fiue
hydro-gas-dynamic module were imported into the
ANSYS Static Structural mechanical module (Fig. 5).
The connection of the pipeline with the soil was
modeled by the Mohr—Coulomb model of elastic-ptasti
material integrated into ANSYS. The acceleration of
gravity was applied to account for the dead weight.

Temperature effects cause longitudinal
_temperature stresses at the wall of the gas pipe. T
magnitude of the temperature stresses dependseon th
calculated temperature difference, which is talkete

u. the difference between the maximum or minimum
{ } {—} = —|— ]4{ } (6) possible temperature of pipeline walls during opera
and the lowest or highest temperature of the pipksw
at which the calculated design of the pipelineixed
We consider the expressmrj 1:I| as a matrix, (after laying the pipeline in a trench, fastenimgthe
supports). For underground pipelines, the temperatu
difference is assumed to be + 40 °C.
{e} =|B|{&}. 7) The temperature difference in the walls of the
elbow and tee was simulated in the Transient Thierma
u; | . module for calculating thermal processes. The
where {3} = {u } is the movement of the elemenicparacteristics of pipe steel, the temperature hef t
) elbow wall, tee at the initial time (+20Cy and the
temperature of their wall at the final time (-20) ‘were
set.

then

nodes.
The stress function (stress vector) is expressexig

the strain vector . .
In order to take into account the influence of the

{a} =ID|({&} -{£.}) +{ oo} . (8) temperature difference on the stress state of ithewe
and the tee, results of modeling the temperature

where|D| is the elasticity matrix (connects stresses ardifference in the walls of the elbow were imporfezm
the Transient Thermal module into the mechanical

strains); {50} are initial strams,{ao} are initial module ANSYS Static Structural software package.

stresses.

18 ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2019, Vol. 6, Issue 1



Investigation of strength of shaped elements of the main gas pipeline

b)
a) from the effects of internal pressure; b) frdra effects of internal pressure and temperaturgdro
Figure 6 — Distribution of the equivalent von Misesstresses in the elbow

" b - =
a) from the action of internal pressure; b) frone taction of internal pressure and temperature diffiee

Figure 7 — Distribution of the equivalent von Misesstresses in a tee in which gas moves through theetline
and the flow is directed from the main line to theee branch
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The results of modeling the stress state of the Having performed CFD modeling of gas-dynamic
elbow were Vvisualized by constructing threeprocesses, it was found that there is an increase i
dimensional colored fields of Mises equivalent s pressure in the elbows of the main gas pipelinethen
in the elbow from the action of only internal press direction from the concave to the convex side & th
(Fig. 6a) and from the action of internal pressure anélbow. Pressure increases in the line of the etpgaht
temperature difference (Fig.bj. As can be seen from the place of overflow of the entire gas streamha t
the results, an uneven distribution of equivalérésses branch, and the pressure drops in the branch déthe
occurs in the wall of the elbows. The maximum Simulation of the stress state showed that the
equivalent stresses are concentrated from the gencaminimum safety margin of the elbows of the main gas
side of the elbow (the highest value is 197.7 MiPthe pipelines is observed from the concave side of them
case of internal pressure only and 250 MPa in #g c and the minimum safety margin of the equal teehef t
of internal pressure and temperature differende, treinforced tees is at the point of connection of th
minimum with convex (the lowest value is 95.5 MRa i branch to the main of the tee, where there is no
the case of only internal pressure and 44.9 MPawundeinforcing lining on the branch of the tee. The
the action of internal pressure and temperatueguivalent von Mises stresses of the consideredesha
difference). So, the minimum safety margin of thelements do not exceed the permissible ones at
elbows is observed from the concave side. It shaldd operating parameters.
be noted that the equivalent stresses on the cerside Such results provide with opportunities for a full
of the elbow are greater than in straight sectiminthe and comprehensive study of the strength of branches
pipeline. The highest equivalent Mises stresses aaad tees of gas pipelines, taking into account tetual
197.7 MPa on the concave side of the elbow in #s=c technical condition and operational parameters.
of internal pressure only and 250 MPa under inferna
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V]IK 622.692.4
HDocnigxeHHsA MiLHOCTI PacoOHHUX eNneMeHTIiB MaricTpanbHOro rasonposoay

A.B. /lopowenko

lsano-Ppanxiscokuii HayioHATLHUL MeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcoxa, 15,Isano-@panxiscox, 16019 ,Vkpaina

JlocnmipKeHHs] BUKOHAHO 3 METOH KOMIUIEKCHOTO YHCJIOBOTO TPHUBHMIPHOTO MOJIENIIOBAHHS HAIPYKEHOTO
CTaHy BIiJIBOMIB, TPiHHHWKIB MariCTpajdbHUX Ta30MPOBOJIB 3 ypaxyBaHHAM Ta30JMHAMIYHUX TIPOIECIB, SKi
BiIOYBAIOTHCS B X (PaCOHHUX €JIEMEHTaX, TeMIIEpaTypHOTO Iepenaay B iX CTIHKaX.
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3niticneno 3D MopnentoBaHHS BizBoay 3 moBoporoM Ha KyT 90°1 mijcmiIeHOTO HaKJIaJIKOIO Ha MaricTpani i
BiZIBOJIi PIBHOINIPOXiAHOTO TpiHMKA MaricTpaibHOro razonposony. CFD mMozentoBaHHSM DOCIIKEHO PyX I'a30BOTO
motoky 3D mozensmMu (GacOHHMX EIEMEHTIB MAariCTpaJbHOTO Ta30MpOBOAY. MOIETIOBAHHS BHKOHAHO IS
PIBHOTIPOXiTHOTO TPifHUKA B IKOMY YBECh MOTIK 3 MaricTpall nepeTikae y Horo BiaBi.

MaremaTidHa MoJIeIh 0a3y€eThCS Ha pO3B’ I3aHHI CUCTeMU piBHSIHDb Hap’ e—CToKca, HEpO3PUBHOCTI, 3aMKHEHUX
JBOIapaMeTpuuHor0 K — & momemnro  typOynentHocti Jlayngepa—Illapma 3 BiANOBIAHUMH IMOYaTKOBMMH i
IrPaHHYHAMH YMOBaMHU. Pe3ynbratu MoaentoBaHHsI BizyanizoBaHo B noctipoiecopi ANSYS Fluent R18.2 Acaden
o0y 0BOIO TOJIB THUCKY Ha KOHTypax Ta y IOB3JIOBXXHbOMY 1 IOIEPEYHOMY Hepepizax (PacCOHHHUX EJIEMEHTIB.
BusnaueHo 3Ha4YeHHS THCKY B PI3HMX TOYKax BHYTPIIIHBOI MOPOXKHUHU (HACOHHHMX E€JIEMEHTIB, BHUSBJICHO MIiCIISI
TTiIBUIIICHHS Ta TaIiHHS TUCKY.

B momymi ANSYS Transient Thermalukonano MoaeOBaHHs TEMIIEPATYPHOIO MEPENaLy B CTIHKAX BiIBOMY,
TpifiHMKa MarictpajibHOro razonpoBony. Pesymsrath CFD Ta TemmepaTypHOro MOICITIOBAHHS IMIIOPTOBAHO Y
MmexaHigyauii mMoxyar ANSYS Static Structuraljge MeromoM CKiHUEHHHX €JIEMEHTIB BHKOHAHO MOJEIFOBAHHS
Hamnpy»XeHOTO CTaHy (ACOHHMX EJIEMEHTIB MariCTpalbHOTO Ta30MpPOBONY 3 ypaxyBaHHSM Ta30dMHAMIYHUX
HpoLeciB, sKi BiTOYBalOThCS y iXHil BHYTpILIHIN MOPOXHUHI, Ta TEMIIEPATypPHOTO NEpenaay B CTiHKaX.

PesynbraT MOzENIOBAaHHS Bi3yalizoBaHO MOOYIOBOIO TPUBMMIPHHUX KOJIBOPOBUX TIIOJIIB €KBIBaJIEHTHUX
HarpyxeHb 32 Mi3ecoM y TpiHHMKY Ta BinBoAi. BusBIEeHO Micusi MakCHMajbHUX EKBIBAJICHTHHX HAIPYXEHb B
CTIHII JOCIIIKYBaHUX (PACOHHUX EJIEMEHTIB.

Kirouosi cioBa: CFD mooenrosanns, 6i0sio, nanpyscenuil cman, pisnusanns Hae' e—Cmoxkca, memnepamyphuti
nepenao, mpitiHux.
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