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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 I. 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 0a  and 0b . On the edges are two reactions of 
the supports: in point B – horizontal reaction and moment; in the point A – vertical 

reaction and moment (Fig. 2). The arc BA


is divided into rectilinear segments 

nlll ,...,, 21 . The pressure in the ellipse is added step by step, with a step p . It is 
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considered as a distributed load perpendicular to the counter BA


 and transferred to 

nodes 2,..., n (forces F ) and to nodes 1 and n+1 (forces 2/F ). 

 

Fig. 2. Calculation diagram 

Fig. 3 shows a moment diagram from the internal pressure p  in the basic 

statically determinate system. As an unknown support reaction Z  is assumed moment in 
the point A . 

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

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

 
l

F
P

l

ds
EI

MM
ds

EI

MM

0

1
1

0

11
11 , .                             (1) 

The unknown Z  is found from the equation:  

0111  FZ .                                                     (2) 

After Z is found, the moment diagram in statically indeterminate system is built 

by the formula: 1MZMM F  . 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  
from pressure p  in basic system 

Fig. 4. Diagram  

from unit unknown Z  

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

0 0

andj j

H Vl l
H V
j p j p

M M M M
ds ds

EI EI      ,                        (3) 
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where V
pj

H
pj and   – horizontal and vertical displacements in the node j  from 

moment M  in statically indeterminate system from load p ; andH V

j j
M M  – moments 

from unit horizontal and vertical force applied in the node j . 
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: 

 adm max , 

where max  is calculated by the formula: max
max

max z
I

M
 ; 

)1(2

11
2

01
max 











EI

RR
M ; 

0/1 R  – the initial curvature of the ellipse point; 1/1 R  – the curvature of an ellipse 

points after load application [3]. 

 

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

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 n, when cutting 

an arc BA


by parts nlll ,...,, 21 . 
Numerical experiments showed that the difference in the solution with n1 = 50 

and n2 = 100 is less than 0.7%. Is assumed n = 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 ns1 = 50 and ns2 = 100 is less than 0.8%. Is assumed ns = 100. 
Problem 1. Data: Elliptical section of the pipe with big and small semiaxis 

0 0.03мa   and 0 0.012мb  , pipe wall thickness 0 0.001мh  . The material is steel 

with modulus of elasticity MPaE 5101.2  , permissible stress   MPaadm
21057.2  , 

the Poisson's ratio 3.0 . 
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 oX. 
Calculations show that the maximum internal pressure 0p  which the pipe can 

resist on  adm  is MPa353.0 . It is obvious that by increasing the wall thickness of 

the pipe 0h , the pipe will resist greater pressure. However, this will reduce the points 
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displacements of the pipe, and thus to the reduction of the cross-sectional area 

increase ratio 
0

1

A

A
kA  , where A0 is the cross-sectional area before deformation,  

A1 is the cross – sectional area after deformation. 

 

Fig. 6. A quarter of the elliptical cross-section before and after deformation 

 

Fig. 7. Moments diagram  
for the quarter of the ellipse 

Fig. 8. Normal stresses diagram  
for the quarter of the ellipse 

Problem 2. The research of the maximum internal pipe pressure pmax 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. 

 
Fig. 9. Dependence of maximum pressure 

on the pipe thickness 
Fig. 10. Dependence of the relative  

increase ratio of the cross-sectional area  
of the pipe   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 %  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 Ak  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. 

 

Fig. 11. Dependence of the cross-sectional increase ratio  
area Ak  of the pipe on the thickness of the pipe 

This parameter ( Ak ) 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 0h  the total length is designed. 

5. For better design of the pipeline it is also necessary to consider the various 
ratios b0/a0. 

 
© Rekach F.V., Gbaguidi Aisse G.L., 2018 
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ПО ДЕФОРМИРОВАННОМУ СОСТОЯНИЮ ЧИСЛЕННЫМ МЕТОДОМ 
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(поступила в редакцию: 12 декабря 2017 г.; принята к публикации: 04 марта 2018 г.) 

 
Вопрос стабилизации давления и расхода жидкости особенно актуален в системах 

коротких трубопроводов, где предъявляются повышенные требования к равномерности 
подачи рабочей жидкости. В условиях средних и высоких давлений (до 100 атмосфер  
и выше) стабилизатор давления с эллиптическими упругими камерами создает условия 
для нормальной работы соответствующего оборудования. Для грамотного проектиро-
вания стабилизатора, особенно при решении вопроса об объеме жидкости, который 
способен вместить стабилизатор, необходимо проводить расчет эллиптической оболоч-
ки по деформированному состоянию. В статье приводится расчет эллиптической обо-
лочки по деформированному состоянию методом пошагового нагружения и проверки 
условий прочности на каждом шаге нагружения. Одним из основных вопросов исследо-
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вания является вопрос о том, какую максимальную нагрузку могут выдерживать эллип-
тические камеры. В работе исследуется зависимость максимального давления при кото-
ром конструкция работает в упругой области деформирования от толщины стенки эл-
липтической трубы. Если в ходе гидравлических расчетов становится известен расход 
жидкости, который необходимо погасить, то необходимо знать, какой объем жидкости 
способна «принять» камера. В работе приведена зависимость коэффициента увеличения 
площади поперечного сечения от толщины стенки трубы. Рассмотрены некоторые во-
просы проектирования стабилизатора давления. 

 
Ключевые слова: стабилизатор давления, вредные колебания давления, упругие 

камеры 
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