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Abstract 

Expressions of hydrodynamic parameters for each segment, with a successively located 

converging section, a section of a constant radius, and expanding flow sections, are 

determined in the article by analytical method. Analytical expressions are obtained for 

the pressure and average flow rate of the fluid in the channel where there are 

converging rectilinear inlet flow area, cylindrical average area, and expanding 

rectilinear outlet flow area. The solutions obtained make it possible to determine the 

flow parameters in the zone of the vibration baffle of pipeline transport of such a 

geometry that damps vibrations caused by the flow; in the transition sections of the 

channels of hydraulic drives and in other channels of the fluid flow, which are set to 

improve the hydrodynamic parameters of the flow.  
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Introduction 

Modeling the fluid outflow from a channel of complex geometry is one of the most 

important applied problems. Such areas in the pipeline transport are vibration baffles. 

They prevent vibrations caused by flow and are designed to lower pressure drops and 

to make flow patterns less separated. Such sections are set in various channels of the 

fluid flow to improve the hydrodynamic parameters of the flow. 

A section of the channel is considered where there are converging rectilinear inlet, 

cylindrical middle, and expanding rectilinear outlet flow regions. In order to improve 
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the hydrodynamic parameters of the flow, such sections are also installed in various 

channels for the flow of liquid media. Expressions of hydrodynamic parameters for 

each segment were determined by the analytical method. A quantitative analysis of the 

flow in these channels is conducted. 

The outflow of fluid from successively located channels with parabolic, cylindrical and 

hyperbolic sections was investigated by obtaining analytical expressions for the 

pressure and average flow rate for each section of the channel [1]. The study of the 

segment in combination with elliptical tubes and spiral baffles [2] showed that 

geometry has a noticeable effect on the axial velocity distribution. In this case, the 

angle of inclination of the segment plays an important role. It turns out that the 

pressure drop increases at a smaller angle of inclination. Reduction in the pressure loss 

can be achieved by using twisted baffles instead of a segment section [3]. Comparison 

of this option with others showed that its overall output is higher than in the analogs 

with square helical tubes and cylindrical pipes. 

Analyzing numerous studies aimed at improving hydraulic performance by modifying 

the ribs, segments with round and elliptical tubes were compared [4]. Using the 

methods of computer fluid dynamics to evaluate the flow patterns of six different 

devices, the physical reasons for the pressure drop around these devices were 

explained. It was shown that pipes with elliptical cross-sections are better designed in 

terms of lower pressure drop and less separated flow patterns. 

New methods of numerical modeling and numerical calculations are being developed. 

Applying these new mathematical and numerical models for a variety of problems is 

time-consuming work. Therefore, the problem of determining the hydrodynamic 

parameters in the channel segments, consisting of different rectilinear curves, is solved 

by the “stitching” procedure of the analytical method for solving fluid flow problems. 

 

Methods 

Research methods are based on Newton's rheological law; continuity equations and 

Navier-Stokes equations, which are the basic equations of fluid flow; on the methods 

of mathematical modeling and an analytical method for their solution. 

 

Materials 

Consider the fluid outflow from a segmented section, consisting of three parts. The 

center of the cylindrical part of the channel is taken as the origin of the longitudinal 

coordinate x, and the direction of the channel axis from left to right is taken as a 

positive direction. 
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To obtain expressions describing changes in hydrodynamic parameters in a given 

channel, we rewrite the continuity equation in the following form: 

0
rv ur

r x

 
 

 
.                                                       (1) 

Integrating this equation over r from 0 to R(x), we obtain: 
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From here follows the dependence for the flow rate: 
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,                                                         (2) 

where u, v are the longitudinal and radial velocity components, Р  is the pressure, ρ, 

υ–are the density and kinematic viscosity of the fluid. 

Multiplying the equation of fluid flow in the divergent form [12] by 2πρr and 

integrating over r from 0 to R(x), we obtain the integral equation: 
2
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Where τR is the viscous resistance force of the channel unit length on the fluid flow. 

To eliminate the integral in equation (3), we replace the longitudinal component of the 

velocity u by its average flow rate U: 
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Then equation (3) takes the form: 
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Consider the stationary case. The shear stress τR acting on the wall is determined 

approximately. Assuming that in each section the velocity profile has the form of a 

quadratic parabola: 

2 2u(r) ( r )
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and 
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we exclude the longitudinal pressure gradient from the latter and obtain: 
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This implies: 
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Considering that 2 2Q R _,U R U    from (4) we obtain: 
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where R_, U_ are the input values of the channel radius and average flow rate. From 

(9) we determine the pressure: 
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To determine the pressure change in the inlet section of the channel, we integrate 

formula (10) for ! !R a x c  in this integral. The formula to determine the average flow 

rate follows from the equation of conservation of mass, given in integral form as
2 2R _U R U . 
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For pressure: 
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For a cylindrical section of a channel of a constant radius Rж,according to the law of 

conservation of fluid mass, the average flow rate has the form: 

2
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For pressure P: 
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Therefore, at the end of the cylindrical channel: 
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Integrating equation (10) for the last section, we determine: 

3 3

8 1 1
[U_ U ( )]

_

v
P U

a ax c ax c
   

 
.                              (16) 

 

Results and Discussion  

Based on the study conducted, the following conclusions can be drawn: The solutions 

obtained make it possible to determine the flow parameters in the zone of the vibration 

baffle of the pipeline transport, which can be accepted in such a geometry. The 

obtained solutions can be used for the parameters of the working fluid in the 

transitional sections of the channels of hydraulic drives. 
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