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1. Introduction 

The features inherent in the pressure system are such that current 

hydromechanical phenomena are often accompanied by 

unsteady movements of the working medium over time, causing 

changes in velocity, pressure and density of the medium at any 

point of the section. To study these changes, when considering 

practical issues, a non-stationary model of motion of the same 

magnitude is used as a calculation model, where the flow 

parameters are determined by the averaged values of the section. 
 

Deviations of the averaged values from the hydromechanical 

parameters of the current cut points are taken into account using 

kinetic energy coefficients and the amount of motion. In this 

regard, one of the important issues of non-stationary motion is 

the study of the patterns of change of these coefficients, for 

which it is necessary to conduct structural studies of non-

stationary motion. 

Often, complex mathematical models have to be used to carry 

out these observations, and the results obtained turn out to be 

impractical for practical application. In view of this, in order to 

bring some clarity to the calculations, we proceed from a quasi-

stationary model of motion. In this case, non-stationary motion 

is considered as a sequence of movements. At any given time, 

the average flow velocity is equated to the average speed of 

apparent stationary motion. By this, non-stationary motion is 

considered as a unity of stationary movements following each 

other. With such a model of unsteady motion, there is a linear 

relationship between the coefficient of friction resistance and the 

stresses formed during friction at the wall. 
 

Such an assumption can give in reality as accurate results as the 

plot of the instantaneous velocity distribution coincides with the 

law of quadratic parabolas. However, experimental and 

theoretical results show that in reality, the plots of the 

instantaneous velocity distribution can be rigidly different from 

the law of quadratic parabolas, which is why, based on the law  
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Abstract 

Irrigation plays an important role in the development of agriculture, especially in mountainous areas, which is provided by 

pumping stations. In the pipelines of such stations, the movement of water is often turbulent, and therefore its study is one of 

the main problems of ensuring the uninterrupted operation of irrigation systems. The study of turbulent unsteady plane-parallel 

flow at the entrance transition region was carried out taking into account the change of the kinematic coefficient of viscosity. 

The latter depending on the distance from the fixed wall was described by a linear law, which formulated a boundary problem. 

This is system of differential of continuum equations where the kinematic coefficient of viscosity was adopted as a system of 

starting equations in accordance with turbulent regimes of the flow. Within the framework of this problem, the initial equations 

were simplified and boundary conditions were defined. The solution to the boundary value problem was obtained by methods 

of integrating partial differential equations that satisfy all boundary conditions.  Analytical solutions for this problem have been 

obtained, which make it possible to obtain regularities of velocity and pressure change in the direction of flow, at any point 

along the hydrodynamic entrance region and at any moment of time. Based on the general solutions of the problem, solutions 

were obtained for two cases. a) the velocity of the fluid entering the cylindrical tube is constant, b) the velocity of the entering 

fluid has a parabolic distribution. For the mentioned cases, computer-aided graphs of the velocity change in different cross-

sections along the length of the entrance transition region and for any moment of time have been plotted. With the obtained 

composite graphs, the diagrams of the time-dependent velocity change along the entire length of the inlet transition zone have 

been   constructed, which enables obtaining the flow velocity at any point of the cross-section and finding the length of the 

hydrodynamic entrance region. 
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of quasi-stationary motion, energy losses cannot be determined 

by the friction stress formed at the wall. Depending on the law 

of change of instantaneous motion in the section, the friction 

stress formed at the wall also changes, which is why it will differ 

from the corresponding friction stress of quasi-stationary 

motion. In order to obtain a change in the friction stress formed 

when the wall is stationary during non-stationary motion, it is 

necessary to investigate the patterns of velocity changes in the 

real section. 
 

So, the main task of studying any unsteady motion under 

pressure is the study of structural changes in the flow, which 

leads to the definition of the law of velocity change at any point 

in time at any point in the real section and, as a result, to the 

discussion of the uneven distribution of velocities, changes in 

the coefficients of the amount of motion, the distribution of 

friction stresses in the section, the assessment of individual data 

of energy loss. 
 

In the transition areas of closed beds, there is a rearrangement of 

velocities, the particles near the stationary interior wall of a pipe 

perform a decelerating motion, and the particles near the axis of 

the pipe gain speed and perform an accelerating motion. The 

precise engineering of the fluid channels of mechanical 

equipment greatly depends on thorough investigation of 

processes running in the hydrodynamic entrance region. 

Investigations of hydrodynamic phenomena in transitional areas 

were mainly performed under conditions of stationary laminar 

motion, whereas in reality, laminar motion in short fluid 

channels is uncommon. Basically, the nature of the fluid flow is 

turbulent. Therefore, the study of hydrodynamic parameters' 

behavior of turbulent flow in transitional areas of closed beds is 

important, for its results can serve as a serious base for 

mechanical equipment designers. A transition zone is 

considered to be the section of velocity rearrangement in which 

the patterns of velocity distribution become equivalent to the 

patterns of the stabilized zone of closed beds. In case of non-

stationary motion, the change of velocities occurs depending on 

time and length coordinates. To study hydrodynamic 

phenomena in the transition area many theoretical and 

approximate calculation methods have been developed. On the 

base of each calculation method lies conclusions related to the 

nature of the flow, with which theoretical research and summary 

of results are carried out. Often, these conclusions refer to a 

certain range of motion, which limits applicability of the 

obtained results. 

2. Literature Review and Problem Statement  

The patterns of changes in hydrodynamic parameters under 

conditions of accelerated flow of viscous liquid in the a round 

pipe's entrance region were analyzed. Velocity change graphs 

have been plotted for different time values [1]. 
 

The discrepancy between analytical and numerical solutions of 

unsteady laminar motion of a viscous fluid at the inlet section of 

a round pipe has been proven [2]. The existence of a maximum 

speed and its location have been experimentally proven. Various 

transient laminar movements have been studied [3]. A 

comparison of analytical and corresponding approximating 

solutions has been carried out, and recommendations for the use 

of these solutions in engineering practice have been proposed. 
 

The study of transient processes when the wave speed varies 

along its length is a practical problem. An analytical solution has 

been developed for laminar flow with wave speed varying along 

the length [4]. A comparison of the obtained results with the 

results obtained by the characteristics method is presented. In 

[5], depending on the change in viscosity and pressure gradient, 

a solution was obtained for the hydrodynamic parameters of 

laminar flow in axisymmetric pipes. The general solution is 

obtained using the finite Hankel transform method. 
 

In [6], the unsteady laminar flow of a viscous incompressible 

fluid at the inlet section of a round cylindrical pipe under general 

initial and boundary conditions was considered. Based on the 

research results, patterns of changes in speeds and pressure 

along the length of the transition section depending on time were 

revealed. Graphs of changes in the indicated physical quantities 

were constructed. A similar problem for stationary plane-

parallel pressure motion is considered in [7]. 
 

At the site of sudden expansion of the section of the cylindrical 

tube, the patterns of changes in the hydrodynamic parameters of 

the viscous strait were studied in the case of general boundary 

conditions [8]. The length of the transition region, which 

depends on the initial velocity distribution in the inlet section, 

was estimated. In case of constant speed distribution, it is 

0.174R*Re, and in case of parabolic distribution, it is 

0.163R*Re. 
 

An analysis of the linear stability of the flow in a pipe was 

carried out with a stepwise increase in flow rate from the steady 

initial flow [9]. A stepwise increase in flow causes non-periodic 

unsteady movements. The stability characteristics of an 

unsteady flow with stepwise changes in flow rate have been 

studied. 
 

The results of experimental studies of the flow of sudden 

expansion of a round pipe are presented [10]. It was revealed 

that, depending on the Reynolds number, localized turbulent 

spots are formed behind the expansion. The mechanism of 

development of turbulent spots is explained. 
 

Numerical study of oscillatory plane-parallel motion of a 

Newtonian fluid in the input region [11]. Based on the results of 

numerical data, a correlation was obtained to determine the 

length of the hydrodynamic entrance region. The study of 

turbulent fluid flow through sudden expansion channels has 

practical applications [12]. The flow characteristics of the 

recirculation zone in a sudden expansion pipe are analyzed. 
 

Turbulence is the main cause of friction losses. The distortion of 

the velocity profile leads to the complete disappearance of 

turbulence. It has been proven that a return to laminar flow is 

achieved through an initial increase in turbulence intensity or a 

temporary increase in wall shear [13]. The unsteady motion of 

an incompressible fluid in a round pipe was studied with the 

coefficient of kinematic viscosity varying arbitrarily over time 

[14]. The results of the analytical solution are compared with the  
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direct numerical solution of the momentum Eq., the difference 

is 1%. Experimental studies of the movement of a viscous fluid 

by sudden expansion were carried out. At moderate Reynolds 

numbers, experimental studies of the patterns of parameters of 

laminar motion of a viscous fluid during sudden expansion of 

the pipe diameter were carried out [15]. The condition behind 

the expansion of the formation of turbulent spots has been 

identified. A numerical study of the oscillatory laminar motion 

of an incompressible fluid in the inlet region of a plane-parallel 

channel was carried out. The development of axial velocity 

profiles and the required entry length were studied in the low 

Reynolds number regime [16]. The turbulent flow of liquid 

through sudden expansion channels has been studied. A sharp 

change in geometry leads to a sharp pressure drop and a 

recirculation zone is formed [17]. The flow characteristics in the 

recirculation zone in a pipe with a sudden expansion ratio of 1:2 

at a Reynolds number of 20,000 are analyzed. 
 

The mentioned studies mainly concern the interpretation of 

phenomena occurring at the pipe entrance site. However, the 

phenomena of rearrangement of hydrodynamic parameters also 

occur in other transitional sections of the pipe, about which there 

is little research. At the site of the sudden expansion of the 

section (D/d = 4), force lines were constructed using equations 

of motion of the flow of a plastic liquid poppy, numerical 

integration, and changes in velocity and pressure in the direction 

of the axis were determined [18]. In [19], numerical modeling 

of the incompressible fluid flow was carried out at the sites of 

sudden changes in the geometric dimensions of a fixed channel. 
 

Using the method of magnetic resonance imaging, the authors 

were able to obtain quantitative estimates of velocity changes in 

the transition region [20]. Under conditions of sudden, 

symmetrical and asymmetric expansion of the section, 

quantitative estimates of the terms of the Neiva-Stokes 

equations were determined, as a result of which the obtained 

nonlinear inhomogeneous differential equations were integrated 

numerically [21]. The results of the integration were compared 

with the results of the experiments. In [22], extraordinary 

experimental studies were conducted in the field of sudden 

expansion of the incision. For this purpose, experimental 

equipment was built and sections of sudden expansion of the 

incision were tested in cases d/D=0.22;0.5;0.85. The research 

was carried out under conditions of Newtonian and non-

Newtonian fluids. 
 

New scaling expressions are proposed for all components of the 

Reynolds stress in the entire flow region of turbulent flows in 

channels and pipes [23]. Taking into account the second 

component, normal to the wall, it is proved that not all values of 

the turbulent stress approach the self-similar asymptotic state at 

the same rate as the Reynolds number increases, and the 

Reynolds tangential stress approaches faster than the tangential 

normal stress in the flow direction [24]. The reasons for this 

trend are explained by the appearance of wall vortices. The 

analysis of the logarithmic profile of the velocity distribution in 

a turbulent flow was carried out in [25]. 

 

 

3. The aims and objectives of the study 

The purpose of the study is to identify patterns of changes in the 

hydrodynamic parameters of an incompressible fluid at the inlet 

section of plane-parallel pressure motion during unsteady 

turbulent motion. 

To achieve this goal, the following tasks are solved: 

▪ formulate a boundary value problem and develop a method 

for solving the boundary value problem and identify the 

pattern of changes in the hydrodynamic parameters of an 

unsteady turbulent flow at the inlet section of plane-parallel 

pressure motion, 

▪ construct graphs of changes in axial velocities depending on 

time, identify conditions for determining the length of the 

inlet section of plane-parallel pressure motion during 

unsteady turbulent liquefaction. 
 

4. Materials and methods  

4. 1. Choosing a Calculation Scheme 

The study of the passage section of the entrance section mainly 

concerns laminar movements. However, laminar motion is rare 

in practice. In engineering tasks, movement is usually turbulent. 

Therefore, the study of the patterns of movement in the 

transition areas at the entrance to cylindrical channels during 

turbulent movement is of important practical and theoretical 

interest. 
 

The study of the movement patterns at the transition sites of the 

entrance shear of the fluid channels in the case of turbulent non-

stationary motion has an important practical and theoretical 

interest. In a turbulent flow, frictional stresses arise between the 

liquid layers, the magnitude of which depends on the distance of 

the layer from the stationary wall. In the case of smooth parallel 

turbulent motion, frictional stresses arising between fluid layers, 

according to Boussenesque, are determined by the y coordinate 

from the stationary wall by the following Eq. [23]: 

.
dy

ud
 −=                (1) 

where ε is the kinematic coefficient of turbulent viscosity. 

There are no studies in the literature on the kinematic coefficient 

of turbulent viscosity in non-stationary turbulent flow. 

Therefore, for the study of turbulent non-stationary motion 

currents, as a first approximation, let's use the assumptions made 

regarding stationary turbulent currents. In a turbulent stream of 

stationary motion, in the case of smooth parallel motion, 

according to the conclusion of Prandtl [26], the kinematic 

coefficient of turbulent viscosity, depending on the distance of 

the point from the stationary wall, changes according to the 

linear law 
 

.yn =                                        (2) 
 

The relationship of the turbulent viscosity kinematic coefficient 

(2) for stationary turbulent motions provides an exact match 

between theoretical and experimental studies [26]. This linear 

relationship in the case of stationary turbulent motion in live 

shear causes a logarithmic dependence of the distribution of 

velocities, which coincides with sufficient accuracy with the 

results of experimental studies [26]. It is assumed that the linear 

dependence of the kinematic viscosity coefficient can provide 

sufficient accuracy also for unsteady turbulent flows. 
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In the transition sections, the particle velocity changes in two 

directions: in the direction of the oz axis of motion and in the 

direction of the oy axis perpendicular to the axis of motion. 

Therefore, the average velocity of the turbulent current at the 

junction depends on the coordinates of the z and y points and 

time ),,( tyzUU = . 

To solve the problem, the regularity of the velocity distribution 

in the input section is set as an arbitrary function )y(U = . 

The mathematical model of the problem leads to the integration 

of the equations obtained by L. Prandtl [26] from the Navier-

Stokes equations for the boundary layer. 

 

4. 2. Statement of the problem and formulation of the system of differential 

The Eq. of one-dimensional pressure motion of an incompressible fluid is expressed as [26]. 

.
yz

p

dt

du




+




−=


       (3) 

In the transition region, the velocity of the particle changes in two directions: in the direction of the z axis of motion and in the 

direction of the y axis perpendicular to the axis of motion. Therefore, the average speed of the turbulent current in the transition area 

depends on the z and y coordinates of the point and time: ),,( tyzuu = .  To solve the problem, the speed distribution pattern in 

the inlet  cross-section   is  given  in  the  form of an arbitrary function )(yU = . 

The mathematical model of the problem leads to the integration of Eq. (3), which after the approximation of the nonlinear term [27] 

takes the following form 

yz

P
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u
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−=


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U ,     (4) 

where y is calculated from the stationary wall of the pipe.  Taking into account relations (1), (2), the last Eq. will take the following 

form: 
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hy 0

 
The internal boundary conditions of Eq. (5) will be 

( ) 0,0, =tzu ,    ( ) ( )ytyu =|,,0 ,  
( )

0
,0,

=




y

tzu
                                 (6) 

The Eq. of indivisibility in this case will be 

0=



+





y

u

z

u
,     (7) 

where 0U  is the characteristic velocity of the cross-section, which is equal to the average velocity of the effective cross-section  

( )
+

=

h

o dyy
h

U
0

1
 :     (8) 

It is assumed that the constant change in pressure gradient depends only on the z-coordinate of the path. It means that the pressures 

at all points of the live section have the same values, therefore 

)(
1

zf
z
=




−


.                                                           (9) 

Considering Eq.(9), Eq.(5) will take the following form 
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Substituting dimensionless variables 

( )  =====
000

,,,,,,
t

t

h

z
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P

P
x

h

y

U

u
xU                                          (11) 

into Eq.(5) and boundary conditions (6) we get 

( ) 
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( ) ,0,0, =U                                           (13) 
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                    ( ) ( ),0,,0 xxU =    when   ( )10  x ,                           (14)  

( )
.0

,,
1 =


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=x

x
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                                                 (15) 

where                   ( )
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                                 (16) 

Let's look for the solution of Eq.(12) in case of boundary conditions (13 to 15) in the form of a sum [28]: 

( ) ( ) ( ),,,,,, 21  xUxUxU +=                                            (17) 

where    ( ),1 xU  is  
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the solution of the inhomogeneous differential Eqs. (13 to 15) under the boundary conditions, and ( ) ,,2 xU  
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the solution of a homogeneous differential Eq. (19) in case of zero boundary conditions. 

Let's look for the solution of Eq. (19) in the form of a sum [28]: 
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From the boundary condition (15) it follows that ,01
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which we get ( ) .01 =
kJ   This Eq. will be the characteristic Eq. of the problem, and its roots 0k  will be the eigenvalues of 

the problem. In order to determine the values of the coefficient kC , substituting Eq.(20) into Eq.(19) and we get 
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Multiplying both parts of the resulting Eq.(20) by the expression ( )dxxJ m1  and integrating in the interval [0,1] and taking into 

consideration the orthogonality condition of the ( )xJ k1  function  

( ) ( ) ( )








=
−

=



=

1

2

21

0

2

1

11
,

1

0

o

k

k
k

mk
mkhendxxJ

mkhen

dxxJxJ
w

w






                         (22) 

we will have 
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Taking into account Eq. (24) we get 
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where  
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Let's look for the solution of Eq. (25) in the following form 

( ) ( ) ( ) 2exp, kkk DC −=                                             (27) 
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We will have 

( ) ( ) ( ).2 



kkk

k D
d

dD
+= from which 

( ) ( ) .exp 2

0  kkkk CD +=                                          (28) 

Substituting ( )kF  function value in Eq.(27) we get 

( ) ( )( ) ( ).expexp, 22

0  kkkkk CC −+=                                     (29) 

Substituting ( ) ,kC  function value in Eq.(20) we get 

( ) ( )( ) ( ) ( ).expexp,,
1

1

22

02 


=

−+=
k

kkkkk xJCxU                           (30) 

the value of the constant kC0  is determined from condition (14) of the problem 

( ) ( ) ( )


=

==
1

100,,0
k

kk xJCxxU  .                                                (31) 

Let us multiply both parts of the Eq.(30) by ( )dxxJ m1  and integrate in the interval [0,1]. Taking into account the condition of 

orthogonality of functions (22), we have 

( )
( ) ( )

,
1 2

1

2

1

2

0

kk

kk
k

J

L
C





−
=                                                        (32) 

where  

( ) ( ) ( )=
1

0

11 .dxxJxL kk                                             (33) 

Substituting kC0  value from Eq.(32) into Eq.(30) we get 

( )
( )

( ) ( )
( )( ) ( ) ( ).expexp

1
,,

1

1

22

2

1

2

1

2

2 


=

−+
−

=
k

kkkk

kk

kk xJ
J

L
xU 




               (34) 

To determine the function ( ) ,, xU  , it is necessary to determine the also function ( ) ,,1 xU , which is determined by Eq. 

(18). Let's look for the function ( ) ,,1 xU  in the following form 

( ) ( ) ( )


=

−=
1

1

2

1 exp,
k

kkk xJBxU                                   (35) 

to satisfy Eq. (18).  Substituting Eq. (35) into Eq.(18) we get 

( ) ( ) ( ) ( ) ( )


=



=

−










−+−=−−

1

1

2

2
1

1

22 exp
1

1exp
k

kk

k

k

k

kkkk xJ
x

BFxJB 


            (36) 

Let's analyze the function ( ) ,F  in a  series of eigenfunctions 

( ) ( )


=

=
1

1

k

kk xJaF                                                       (37) 

where  

( )
( ) ( )kk

k
k

J

LF
a




2

1

2

0

2

1−
= ,    ( ) ( )=

1

0

10
.dxxJL kk                                      (38) 

In case ( ) 0, CConstF ==  we have 

( ) ( )
.

1 2

1

2

00

2

kk

k
k

J

LC
a





−
=                                                              (39) 

 

 

 
Int J Teach Learn Sci, 2025                                                   ISSN: 3066-0807                                                                  Vol.2(3): 6 of 12 



Citation: Sarukhanyan A, Vermishyan G, Madoyan D, Avanesyan E (2025) Study of Unsteady Turbulent Plane-Parallel Pressure 

Flow in The Entrance Region. Int J Teach Learn Sci: IJTLS-121. 

From Eqs. (35 to 39) we determine values of coefficient kB  

( )( ) ( )
.

1 2

1

22

00

2

2

kkkk

k

kk

k
k

J

LCa
B





 −+
=

+
=                                    (40) 

Taking into account the values of the coefficients kB , the function ( ),1 xU  will look like this 

( )
( )( ) ( )

( ) ( )


=

−
−+

=
1

1

2

2

1

22

00

2

1 exp
1

,
k

kk

kkkk

k xJ
J

LC
xU 




                          (41) 

From Eqs. (41,34, and 17) the general solution of the problem 

( )
( )( ) ( )

( ) ( )

( )
( ) ( )

( )( ) ( ) ( ).expexp
1

exp
1

,,

1

1

22

2

1

2

1

2

1

1

2

2

1

22

00

2







=



=

−+
−

+−
−+

=

k

kkkk

kk

kk

k

kk

kkkk

k

xJ
J

L

xJ
J

LC
xU












                     (42) 

The resulting solutions refer to the general boundary and initial conditions of the problem. 
 

5. Results of the study of structural changes in hydrodynamic parameters of unsteady turbulent plane-parallel pressure 

flow in the entrance region 

5.1. Results of the hydrodynamics entrance region structural changes' studies in case of plane-parallel pressure unsteady 

turbulent flow.  

Using general solutions, we can get solutions adequate to the given conditions for each individual case. Consider two private cases. 

1. The velocity of the fluid entering the pipe is constant, due to which ( ) 0010 , LALConstAx ===  . Therefore 

    ( ) ( )( ) ( ) ( )
( )

( )
( ) ( )



= −









+

−
+−+=

1
2

1

2

10

2

2

2

022

0
1

exp
expexp,,

k kk

kk

kk

k
kkk

J

xJLC
AxU








           (43)   

 2. The velocity of the fluid entering the pipe varies according to the law of the quadratic parabola, due to which 

( ) ( ) ===

1

0

301

2

01

2

0 ,, LAdxxJxALxAx k  

where ( )=
1

0

1

2

3 .dxxJxL k  

Therefore 

 ( ) ( )( ) ( ) ( )
( )

( )
( ) ( )



= −









+

−
+−+=

1
2

1

2

10

2

2

2

022

30
1

exp
expexp,,

k kk

kk

kk

k
kkk

J

xJLC
LAxU








           (44)   

Regularities (43), (44) of changes in axial velocities in the inlet region of plane-parallel unsteady turbulent pressure motion were 

obtained. Using the identified formulas, numerical calculations were performed and velocity profiles were plotted and the length 

hydrodynamic entrance region was determined. 

 

5.2. Plots of changes in the unsteady turbulent flow’s hydrodynamic parameters in the hydrodynamics entrance region  

5.2.1. Graphs of structural changes in parameters in the first case 

Based on the results obtained, the nature of the flow features in the inlet section of plane-parallel unsteady turbulent flow was 

studied. To visualize regularities of development of the velocity profile along the cross section and along the length of the transition 

section, depending on the distribution of velocities in the inlet section, numerical calculations were carried out and graphs of their 

changes were constructed. Figures 1 to 4 show cases when the entering fluid velocity is constant, that is   ( ) ConstAx == 0 .  
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Figure 1: Axial velocity change along the hydrodynamic entrance region in case of plane-parallel unsteady turbulent motion at A0 

= 1, C=5, 𝛼 = 0.01, 𝛽 = 0.1, 𝜏 = 0.5 𝜎 → {0.02,0.04,0.06,0.08,0.2,0.8} 
 

 
Figure 2: Axial velocity time-dependent-change at A0=1; C=5;𝛼 = 0.01, 𝛽 = 0.1, 𝜎 → {0.04} in the interval {𝜏, 0; 1} 

 

 
Figure 3: Axial velocity change at various points of the inlet section of the hydrodynamic entrance region at = 1, 𝐶 = 5, 𝛼 =

0.01, 𝛽 = 0.1 {𝜎, 0.02,1}, 𝜏 → {1}} 
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Figure 4: 3D view of the of axial velocity change in the hydrodynamic entrance region in case of plane parallel flow 

{𝜏, 0; 1}, {𝑥, 0; 1}, 𝜎 → {0.02,0.04,0.06,0.08,0.2,0.8} 

 

5. 2. 2. Graphs of structural changes in parameters in the second case  

Plots showing changes in the structural characteristics of an unstable turbulent flow with a parabolic law of velocity distribution at 

the inlet section of plane-parallel pressure motion, i.e. ( ) 2

0 xAx =  

 

Figure 5: Axial velocity change along the hydrodynamic entrance region in case of plane-parallel unsteady turbulent motion at, 𝐴 =
1, 𝐶 = 5, 𝛼 = 0.01, 𝛽 = 0.1, 𝜏 = 1, 𝜎 → {0.02,0.04,0.06,0.08,0.2,0.8} 

 

Figure 6: Axial velocity change ( ) ,, xU  in the entrance region of a round     pipe at 𝜎 → {0.4}}, ( ) 2

0 xAx = , 𝐴 = 1, 𝐶 =

5, 𝛼 = 0.01, 𝛽 = 0.1, 
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Figure 7: Axial velocity change ( ) ,, xU  along the length of entrance region at {𝜎, 0.02; 1},  𝜏 = 1, ( ) 2

0xAx = , 𝐴 = 1, 𝐶 =

5, 𝛼 = 0.01, 𝛽 = 0.1, 

 

 
Figure 8: 3D view of the of axial velocity change in the hydrodynamic entrance region in case of plane parallel flow at,

( ) 2

0xAx = ,  {𝑥, 0,1}, {𝜏, 0.5,2}        

6. Discussion  

Based on the dependency of the tangential stresses between the 

fluid layers on the distance of the stationary interior wall of the 

pipe, the unsteady plane-parallel turbulent flow of an 

incompressible fluid in the hydrodynamic entry zone was 

studied. An integration of the boundary value issue was 

performed in order to get the flow parameters. Consequently, a 

velocity profile with arbitrary boundary conditions was 

projected over the transition region's length. Two particular 

situations were examined based on the general solutions found: 

the first had a constant entering fluid velocity, and the second 

involved a fluid velocity change that followed a parabolic 

equation. 
 

Plots of the process at the hydrodynamic entrance region of the 

flat pipe have been created by computer calculations utilizing 

formulae (42) and (43) to indicate the evolution of the process. 

The pressure gradient and the starting velocity distribution in the 

intake section determine how much the process develops over 

time, according to a study of the numerical calculation results 

and the ensuing graphs (Figs. 1 to 8). 
 

During unsteady flow, the viscous fluid flow in the 

hydrodynamic entrance region is unstable. The pressure gradient 

is what causes the change in velocity profile outside of the 

hydrodynamic entrance region. According to the theories, the 

evolution of a viscous fluid's flow in a flat pipe's entrance point 

was studied taking account turbulent shear forces. In 

engineering practice, the accuracy of integration findings is 

quite acceptable. The study's findings may be used to the design 

of the hydraulic systems' input units for a variety of mechanisms 

and equipment, providing more reliable and smooth operation. 
 

Given the problem's importance, its thorough examination is 

necessary to determine the patterns of hydrodynamic parameters 

of an unstable turbulent flow at the plane-parallel motion inlet  
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as well as to explain the dependency of the kinematic viscosity 

coefficient. 
 

Analysis of the results of numerical calculations and the 

resulting graphs determined the length of the initial section. The 

deviation of the axial velocity in the transition section at x=1 

should not exceed 1% of the unsteady speed of the stabilized 

section. Based on this condition, a calculation formula was 

obtained for determining the length of the transition section, 

which has important practical applications in the design of 

various hydraulic automation systems. 
 

7. Conclusions 

1. The proposed suitable method of calculation of velocity 

rearrangement in the hydrodynamic entrance region of the 

plane parallel motion makes it possible to obtain the 

regularities of changes in the hydrodynamic parameters of 

the flow under general boundary conditions. In order to 

achieve this paper's goal, the differential equation of the 

motion of an elementary jet of a real liquid was drawn up, 

in which the frictional stresses arising between the layers 

were considered depending on the distance from the 

stationary wall. The boundary conditions of the problem 

were stated. A methodology of solving the defined 

boundary problem was developed, as a result of which 

regularities of axial velocity change were obtained at the 

hydrodynamic entrance region, under conditions of 

constant and parabolic law distribution of the incoming 

fluid. 

2. Using the identified relations, computer analyzes were 

carried out, as a result of which the course of the 

deformation of the velocity profile in the transition region 

was obtained. It makes it possible to calculate the changes 

in the hydrodynamic parameters of the flow and make 

generalizations. Findings of regularities of velocity profile 

changes in the hydrodynamic entrance region and plots 

based on them make it possible to correctly design reliable 

functioning units of hydro-mechanical equipment. 
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