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The question of pressure and flow rate stabilization is particularly relevant to short
pipelines systems, which have high requirements for flow rate consistency of the working
fluid. At medium and high pressures (up to 100 atmospheres and higher) the pressure
stabilizer with elliptical elastic chambers provides conditions for normal operation of
the corresponding equipment. For proper design of the stabilizer, especially deciding question
of the liquid volume which the stabilizer can accommodate, it is necessary to carry out
the calculation of the elliptical shell in the deformed state. The article provides the calculation
of the elliptical shell in the deformed state by step by step loading method and checking
the strength conditions at each step of loading. One of the main questions of the study is
the question of what maximum load can withstand elliptical chambers. In this paper,
we investigate the dependence of the maximum pressure at which the unit operates in
the elastic area of deformation on the of the elliptical pipe wall thickness. If harmful
oscillating discharge is known we should know the liquid volume which the camera can take.
The dependence of the cross-sectional area increase coefficient on the thickness of the pipe
wall is built. The article discusses some questions of pressure stabilizer designing.

Keywords: the pressure stabilizer, harmful pressure fluctuations, elastic camera

Introduction. Pipeline system, transporting fluid under pressure, generated by
pumping units or creating conditions for gravity flow of the liquid, is an elastic
construction. It consists of various elements, organizing and controlling the flow and fluid
pressure. Among them are the straight pipe sections, devices controlling pressure and
fluid discharge, turning of fluid flows, branching of liquid flows, means to protect
the most vulnerable units and pipeline parts and so on. An important factor in ensuring
the safety of the pipeline is the correct installation of fastening systems, both overground
and underground pats of pipe line. Owing to the irregular operation of pumping units,
changes in physical and (or) geometric conditions of the fluid motion unsteady movement
occurs. It is often accompanied by a sudden increase of pressure (water hammer
phenomenon) or harmful pressure fluctuations. The above phenomena can lead to
the failure of certain devices, as well as pipe breaks with probable fatal accident.

In aircraft and rocket engines non-uniformity of flow and pressure in liquid fuel
delivery systems are especially dangerous. The occurrence of discharge and pressure
fluctuations in these systems is possible due to the complexity of the organization
of working process of the pumping equipment, the inability to create fluid motion
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without centripetal accelerations (flow turns, slope changes of motion). There is also
the danger of vortex formation in a production environment, the occurrence of self-
excited vibration and resonance condition. The amplitude of pressure and discharge
in pipelines pump units can reach considerable values, especially for units of high
pressure, powerful circulating pumps, turbines with high discharges of non-stationary
streams. The mechanism of pressure fluctuations formation of liquid and gas is
described in detail in the book by 1. A. Czarnye [2].

Periodic fluctuations of liquid or gas pressure and discharge, resulting from
the interaction between the flow and the pipe, may cause mechanical vibrations of
the pipeline and its equipment and supporting structures. In the event of resonance of
the pumping fluid or gas can be likely created longitudinal waves causing resonant
vibrations of the entire pipeline system.

One the piping system protective means from the above-listed factors is the pressure
stabilizer. For hydraulic systems supplying fuel at high pressure (above 60 atmospheres)
and relatively small discharge amplitude oscillations for small pipe length there is
an effective means to reduce harmful flow pressure and discharge pulsations. It is
the pressure stabilizer with elastic elliptical chambers. This device is capable to work under
pressures above 200 atmospheres. Similar calculations were considered in works [4—6].

Fig. 1 shows a diagram of the stabilizer with elastic elliptical chambers. It consists
of a Central tube 1 of circular cross-section. Due to the uniformly distributed perfo-
rations 2, the fluid flows into the coaxial elastic chamber 3 of elliptical cross section 4
made of spring steel. The Central tube is connected to the main pipeline by means
of flanges 6. The length of coaxial elliptical segment is designed depending on the
desired range of dynamic processes of a hydraulic system correction.

Fig. 1. Design of the stabilizer with elastic chambers

In the event of fluctuations in the pipeline due to elastic deformation of a coaxial
camera and distributed perforation the dissipation of energy of oscillations pressure of
working environment takes place. By selection of appropriate parameters of a coaxial
camera and distributed perforations tone can achieve the necessary degree of reduction
of pressure fluctuations and changes in the natural frequencies of the system.

The main part. Calculation of the elliptical chamber on the strength and compliance
is necessary to perform on the deformed state, as the difference in the results compared to
linear analysis can reach a considerable value.

From the elliptical pipe is cut out a part of the pipe 1 meter length. Consider
a quarter of an ellipse with smilaxes a, and b,. On the edges are two reactions of

the supports: in point B — horizontal reaction and moment; in the point 4 — vertical
reaction and moment (Fig. 2). The arc AB is divided into rectilinear segments

I,,L,,...,1,. The pressure in the ellipse is added step by step, with a step Ap. It is
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considered as a distributed load perpendicular to the counter AB and transferred to
nodes 2...., n (forces F) and to nodes 1 and n+1 (forces F'/2).

Fig. 2. Calculation diagram

Fig. 3 shows a moment diagram from the internal pressure Ap in the basic
statically determinate system. As an unknown support reaction Z is assumed moment in
the point 4 .

Fig. 4 shows a diagram of the moments from the unit unknown reactions Z =1 .

Displacements in the direction of the reaction Z from the unit reaction Z=1
and from the load Ap in the basic system are calculated by the formulas (1):

| — — ] —
511:IM1M‘ds, AlpszlMFds. 1)
) 7k

The unknown Z is found from the equation:
SZ+ A =0. 2

After Z is found, the moment diagram in statically indeterminate system is built
by the formula: M =M +ZM, . Then vertical and horizontal unit forces are put at all

nodes of the basic system in turn and horizontal and vertical displacements of all
nodes are found.

Fig. 3. Moments diagram Fig. 4. Diagram

from pressure Ap in basic system from unit unknown Z

Horizontal and vertical displacements of the nodes are calculated by the formulas:

j VM J’.]VIVM
A =|—-—ds and A, =|—L—ds, 3)
JAap o EI JAap q E]
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H
where A%,

moment M in statically indeterminate system from load Ap; AM* and M’ —moments
J J

and AI;. ap — horizontal and vertical displacements in the node j from

from unit horizontal and vertical force applied in the node ;.

At each load step the coordinates of the nodes are corrected, i.e. the geometry of
the pipe cross section is changing. Since adding the load ellipse will tend to
"transform" into a circle, the expected limit load will be more. Check of the ellipse
contour strength is calculated as follows:

O-max < [O-adm ] H

where o,

X

. . _ M max . 1 1 —EI ;
is calculated by the formula: o,,, = ; Zmax M s = 2R 22

1/ R, - the initial curvature of the ellipse point; 1/R; — the curvature of an ellipse
points after load application [3].

Fig. 5. Moments diagram in statically indeterminate system from load Ap

Moments diagram in statically indeterminate system is shown in fig. 5

Calculations and main results. The analysis of numerical calculation convergence.
The calculation program was compiled in C++.

Phase 1. Convergence of the solution on the number of segments », when cutting
an arc AB by parts Lylyynd, .

Numerical experiments showed that the difference in the solution with n; = 50
and n, = 100 is less than 0.7%. Is assumed » = 100.

Phase 2. Convergence of the solution on the number of load steps.

Numerical experiments showed that the difference in the solution when the number
of steps on load ns; = 50 and ns, = 100 is less than 0.8%. Is assumed ns = 100.

Problem 1. Data: Elliptical section of the pipe with big and small semiaxis
a, =0.03m and b, =0.012m, pipe wall thickness 4, =0.001m . The material is steel

with modulus of elasticity £ =2.1-10° MPa, permissible stress [aadm]z 2.57-10°MPa,

the Poisson's ratio v=0.3.
Fig. 6 shows a quarter of the pipe cross section before and after deformation.
Figures 7 and 8 show the moments diagram and the normal stress diagram at
the counter of the ellipse from point B to point A relative to the axis 0X.
Calculations show that the maximum internal pressure p, which the pipe can

] is 0.353MPa. 1t is obvious that by increasing the wall thickness of
the pipe 4, , the pipe will resist greater pressure. However, this will reduce the points

resist on [0,
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displacements of the pipe, and thus to the reduction of the cross-sectional area

increase ratio k, =—
0

, where A4, i1s the cross-sectional area before deformation,

A; is the cross — sectional area after deformation.
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Fig. 6. A quarter of the elliptical cross-section before and after deformation
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Fig. 7. Moments diagram
for the quarter of the ellipse
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Fig. 8. Normal stresses diagram
for the quarter of the ellipse

Problem 2. The research of the maximum internal pipe pressure py,.x dependence on
its thickness was carried out (Fig. 9). All entrance data were taken same as in problem 1.
The calculations showed that pipe thickness should be taken depending on

the given maximum pressure in the pipe pmax.
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Fig. 9. Dependence of maximum pressure
on the pipe thickness
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Fig. 10. Dependence of the relative
increase ratio of the cross-sectional area
of the pipe 77 on its thickness
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Problem 3. These researches confirmed necessity for the calculation on
the deformed state (Fig. 10). All data were taken the same as in problem 1.

Numerical analysis shows that relative error 7% of calculations on the deformed

and undeformed state may exceed 35%. When calculating on deformed state the limit
load increases, since each step changes the geometry of the cross section towards
"transformation" of the ellipse into a circle.

Problem 4. The research of cross sectional increase ratio area k , of the pipe

on the thickness of the pipe was carried out (Fig. 11). All entrance data were taken
the same as in problem 1.
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Fig. 11. Dependence of the cross-sectional increase ratio
area k , of the pipe on the thickness of the pipe

This parameter (k& , ) effects on the projected length of the elliptical pipe when

oscillation amplitude of the fluid flow is given.

Conclusions. 1. For the correct calculation of bending moment at each load step, we
need to use a formula that takes into account the change of curvature of the cross section.

2. The choice of the elliptical pipe thickness (at the accepted cross section) should
be performed depending on the maximum pressure which can resist the pipeline.

3. When calculating on the deformed state the maximum load that can resist
the pipeline increases comparing with the undeformed analysis. The difference of results
can reach 35%.

4. The thinner is the pipe wall, the greater is the additional volume of liquid (when
pressure increases) which the pipe section of elliptical cross-section can hold. Depending
on h, the total length is designed.

5. For better design of the pipeline it is also necessary to consider the various
ratios by/ay.

© Rekach F.V., Gbaguidi Aisse G.L., 2018
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PACYET
SJUVIMIITUYECKHUX YIIPYTUX KAMEP CTABUWIN3ATOPA JJABJIEHUS
1HO AE@OPMUPOBAHHOMY COCTOSHUIO YUCJIEHHBIM METOAOM
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ya. Muxnyxo-Maxnas, 6, Mockea, Poccus, 117198
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(nocmynuna 6 peoaxyuio: 12 nexabps 2017 r.; npunsma k nyb6auxayuu: 04 mapra 2018 r.)

Bompoc crabunuzanuu JaBiIeHUS U Pacxo/a XKUIKOCTH OCOOEHHO aKTyalleH B CHCTeMax
KOPOTKHUX TPpYOOIIPOBOOB, TJ€ NMPEIbSBISAIOTCS TOBBIIICHHBIE TPEOOBaHNS K PABHOMEPHOCTH
nojaun padoveit KuAKOCTH. B ycnoBusiX cpeiHMX M BBICOKHX jaaBieHuid (o 100 atmocdep
U BBIIlIE) CTAOMIIM3aTOP AABJICHHS C SJUIMITHYECKUMHU YIIPYTUMH KaMepaMH CO3aeT yCIOBHSA
JUIl HOPMAJBHOW pabOTHI COOTBETCTBYIOLIETO 000OpyHoBaHUS. I TpaMOTHOTO MPOEKTHPO-
BaHUS cTaOmim3aropa, OCOOCHHO TPH PEIICHHH BoOIpoca 00 o0BeMe JKHUIAKOCTH, KOTOPBIHA
croco0eH BMECTHTh CTaOMIM3aTOp, HEOOXOANMO HMPOBOIAUTE PacueT IIMNTHIECKOH 000104-
K{ 10 7e(hopMUPOBAHHOMY COCTOSIHHIO. B CTaThe MPUBOAWTCS pacdeT JUIMNTHYECKOH 000-
JIOYKU 10 e(pOPMHUPOBAHHOMY COCTOSHHIO METOJOM IIOLIarOBOTO HArPYKEHHS U MPOBEPKH
YCIIOBUI1 TPOYHOCTH HA KaXK/IOM I1are HarpyxeHus. OJTHUM U3 OCHOBHBIX BOIIPOCOB UCCJIE/0-
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BaHHMS SIBJISIETCS BOIIPOC O TOM, KaKyl0 MaKCUMaJbHYIO HAIPY3Ky MOTYT BbIJEPIKUBATh AIUIUII-
THUYECKHE KaMephl. B pabote mccieayercs: 3aBUCUMOCTh MAKCUMAIILHOTO JJABJICHUS TIPH KOTO-
POM KOHCTPYKIHs paboTaeT B ynpyroit odnactu aeopMHUpPOBaHUS OT TOJIIMHBI CTEHKH JJl-
JUNTAYECKON TPyObl. Eciu B X0/ie TUAPABIMYCCKUX PACUYCTOB CTAHOBUTCS M3BECTECH PACXojl
KHUJKOCTH, KOTOPBIA HEOOXOMMO MMOTacHTh, TO HEOOXOAUMO 3HATh, KAKOH 00BEM KUIKOCTH
croco0OHa «IPUHATHY Kamepa. B paboTe mprBeacHa 3aBUCUMOCTh KOG (QHUIMECHTA YBEITNICHUS
TUTOIIAJIH TTOTIEPEYHOTO CEYCHHUS OT TOJIIMHBI CTCHKH TPYOBI. PacCMOTpPEHBI HEKOTOPHIC BO-
MPOCHI IPOCKTUPOBAHUS CTAOMIIH3aTOpa TABICHUS.

KiroueBble ciioBa: ctabwim3aTop JaBieHUS, BpeIHbIC KOJIeOaHUS AABJICHUS, YIPYTIHe
Kamepsl
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