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Abstract: - In this article, we have studied the process of transition from the non-stationary state to the stationary 
state of the mixture formed by adding a Newtonian fluid to a rheologically complex fluid in a cylindrical tube. 
We used the analytical method. The advantage of this type of fluid flow research is that it allows for a more 
comprehensive study of fluid motion. Among the obtained results, it is necessary to note new results that are of 
great importance in revealing the state of the physical phenomenon. The graphs of the results were made using 
Matlab mathematical software. For a better understanding of the physical properties of some of the obtained 
results, their graphical representation is shown. These results are effective for further development of unsteady 
flow of rheologically complex fluids in cylindrical pipes. 
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1.    Introduction 

Channel and channel of Newtonian fluids by 
scientists devoted to the problems of oscillations and 
non-stationary flows in pipes it can be noted that 
many scientific and practical studies have been 
carried out. Including [1,2, 3; 4;] in research work 
non-stationary and stationary oscillation of liquids in 
channels and pipes flows have been sufficiently 
studied. The first is a viscous liquid characteristic of 
velocity profiles in oscillatory flow in cylindrical 
pipes characteristics [5] are presented in the form of 
experimental results. 

Hydrodynamics in transition observed in flat 
channels. It is also important to determine the 
changes in characteristics in circular pipes is 
significant. In this work, the rheologically complex 
liquid under the influence of a constant pressure 
gradient in a sufficiently long cylindrical pipe 
we consider the problem of unsteady flow. In this 
case, the axis is along the axis of the cylinder 
we direct, and we define the radius of the pipe by R. 
The length of the pipe the longitudinal velocity is in 
the stream because it is sufficiently large compared 
to the radius, we think that it will not appear. For this 
case, the cylindrical pipe is rheologically complex 
system of differential equations defining non-
stationary fluid motion is expressed in the following 
simplified form: 
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To solve this system of equations (1), it is 
necessary to formulate initial and boundary 
conditions. for this 0t  liquid is considered to be at 
rest[6,7,8] i.e 
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At positive values of time, motion occurs 

under the influence of an invariant pressure gradient, 

the boundary conditions for this case are defined as 

follows [74,76]: 
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The formed system of equations (1) together 
with initial and boundary conditions (2) and (3) 
represents the non-stationary movement of a 
rheologically complex fluid in a cylindrical pipe 
[9,18]. 
 

 

2.    Problem Formulation 

To solve this system of differential equations through 
the formulated initial and boundary conditions, 
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Laplace-Carson substitution in terms of time variable 
was used. By performing several steps, the 
inhomogeneous Bessel equation is derived to find the 
longitudinal velocity distribution in the image. 
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As a result of solving the Bessel equation, the 
formula for finding the longitudinal velocity 
distribution in the image is determined. Laplace-
Carson integral 
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using the exact solution of the problem was found 
based on the formula of longitudinal speed 
distribution. 

 

 

3.     Problem Solution 
To calculate the integral with complex variable 

(5), we use the fact that this integral is the Laplace 
integral, and taking into account that the function 
under the integral is a meromorphic function, we 
determine its special points. 

 
These special points are: 
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the solution of the equation is determined in 
the following form: 
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(6) 
The ratio of the non-stationary velocity on 

the axis of the pipe to the stationary velocity on the 

axis of the pipe is determined by the following 
formula: 
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3.1       Subsection 
In the analysis of the solution, the ratio of the 

maximum longitudinal velocity value of the non-
stationary state of the rheological complex fluid flow 
to the maximum longitudinal velocity value in the 
stationary flow (at different relaxations of the fluid 
subject to the Maxwell model and at different 
concentrations of the Newtonian fluid) as a function 
of time changes using a graph described. At a small 
value of the Debor number, the process of transition 
of a rheological complex fluid flow from a non-
stationary state to a stationary state is slightly 
different from a Newtonian fluid flow transition 
process, and in this case, the transition process of a 
rheological complex fluid flow from a non-stationary 
state to a stationary state can be considered as a 
Newtonian fluid transition process shown to be 
possible. At large values of the Debor number, the 
transition process of a rheologically complex fluid 
flow from a non-stationary state to a stationary state 
is shown in Fig. 1. As a result of such sudden 
changes, the fluid consumption at the initial values of 

the time compared to the steady-state value 1De 
it was determined to be four times larger. Changes in 
the unsteady motion of a mixture resulting from the 
addition of a Newtonian fluid to a rheologically 
complex fluid have been shown to be more flow-
stabilizing than turbulent changes in the rheologically 
complex fluid motion, and by increasing the 
concentration of a Newtonian fluid in the mixture, the 
turbulent flow Change management capabilities are 
created. 
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Fig. 1 

Figure 1. Dimensionless time-dependent 
change of the ratio of the maximum longitudinal 
velocity of a rheologically complex fluid in an 
unsteady flow to the maximum longitudinal 
velocity in a stationary flow (for a fluid subject to 
the Maxwell model 1De  at different 
concentrations of a Newtonian fluid) 

 

 

4.      Conclusion 

In this work, it was shown that the changes in the 
unsteady motion of the mixture resulting from the 
addition of a Newtonian fluid to the rheologically 
complex fluids have a more stabilizing property than 
the turbulent changes in the motion of the 
rheologically complex fluids, and by increasing the 
concentration of the Newtonian fluid in the mixture, 
g in the flow It was concluded that opportunities for 
effective change management will be created. 
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