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Abstract. The article describes of the method of accounting the effect of wall slip 

in the flow of polymer extrusion molding process. Through the use of techniques, it is 
possible  to  refinement  the  simulation  of  the  polymer  flow  in  the  channels  forming 
equipment. 
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Production  of  high-quality  polymer  products  is  impossible  without  using  the 

refined methods for modeling structural and technological parameters of the 
equipment and processes in it, and without the influence of wall effects, which have a 
significant influence on the processes of formation of products. Near-wall effects can 
greatly influence the distribution of the main parameters of the entire cross section of 
the melt channels and, consequently, on the performance of the products. 

Statement of the Problem  
The  processes  of  polymer  melt  flow  usually  considered  on  condition  of  the 

adherence  to  the  bounding  surfaces  of  the  equipment.  However,  as  the  number  of 
experimental  studies,  for  example  [1],  on  certain  conditions,  different  types  of 
polymers  show  a  slip  on  the  channel  walls,  periodic  separation  from  them,  the 
formation of a low-viscosity boundary layer and other effects which affect the course 
of technological processes and properties of polymer products.  

In mathematical modeling of polymer flow it’s necessary to specify the 
boundary condition of the melt velocity at the channel wall. This rate depends of the 
properties of the polymeric material and equipment operating conditions. 

Analysis of Published Data 
Wall slip liquids theory on solid surfaces was developed by L. Prandtl [2].  
Analytical  solution  of  the  problem  of  the  velocity  distribution  in  a  laminar 

boundary layer on the plate was first obtained by Blasius [3] in 1908. 
In recent years computational capabilities are expanded with the development of 

computer technology and numerical methods. However, in solving such problems in 
relation  to  the  polymer  melt  we  have  the  problems,  which  is  connected    with  the 
difficulty in determining their stress-strain state in the wall region, the thickness of 
this region, the influence of fillers, the state of the wall surfaces etc.  

On the issue of solving problems with the presence of the boundary layer in the 
flow  of  polymer  melts  in  the  processing  equipment  is  indicative  of  the  work  [4], 
which proposes an iterative approach to determine the velocity of the polymer near 
the wall and the shear stress in it. 

The Methods of Wall Slip Polymer 
The method is based on determine the correspondence points of the following 
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1. Velocity on the channel wall of shear stress at the wall, which is obtained by 
experiment, using the method of Mooney [5]. 

2. Velocity on the channel wall of shear stress at the wall, obtained by means of 
mathematical modeling of flow with different mean integral velocity at the channel 
inlet. 

In mathematical modeling of the process flow used dependence to the 
generalized Newtonian flow [6]. Flow process - isothermal. Other parameters of the 
material,  including  the  dependence  of  viscosity  on  shear  rate,  can  be  taken  in 
accordance with the properties of the test material.  

For  each  value  of  the  average  integral  velocity  at  the  inlet  of  the  channel  of 
interest  is  carried  interval  of  at  least  5  session  of  the  modeling  with  different 
predetermined  velocities  at  the  wall  of  the  melt  channel.  For  each  of  the  sessions  
determined velocity and wall shear stress at the wall in full flow mode of 
stabilization,  which  is  determined  by  achieving  a  difference  of  values  between 
neighboring points in the wall of 0.01%.  

According to the results of mathematical modeling in the same coordinate axes 
are  constructed  velocity  curves  on  the  wall  shear  stress  on  the  wall  for  all  the 
investigated mean integral velocity at the channel inlet.  

Comparing the experimental curve and the curves obtained from the experiment, 
we get the dependence shown in Fig. 1. 

 
Fig. 1 The Dependence of rate of the slip on the wall shear stress for the 

high-density polyethylene, calculated and experimentally using mathematical 
modeling at different rates of entry:  – experiment;  – simulation results. 

 
In terms of the correspondence points is constructed slip velocity dependence on 

the channel wall on the velocity of the inlet channel, Fig. 2. 
URL: http://www.sworld.com.ua/e-journal/j21410.pdf  
Downloaded from SWorld. Terms of Use  http://www.sworld.com.ua/index.php/ru/e-journal/about-journal/terms-of-useм 

 138 



Modern scientificresearchand their practical application.                                                                       VolJ21410 

 
Fig. 2 The Dependence of rate on the side slip velocity of the inlet channel 

The dependence, which was received can be approximated by a polynomial of 
n-th degree. Polynomial is chosen according to the minimum possible, in which the 
value of the reliability of the approximation does not change by more than 0.01.  

Block diagram of determining the effect of the wall slip is shown in Fig. 3. 

 
Fig. 3 Block diagram of the treatment of the wall slip of polymer 
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As shown in the flowchart (see Fig. 3), the dependence of the velocity of shear 
stress at the wall in the mathematical modeling is constructed in the desired range of 
velocities mean integral inlet channel (in this example from a to b with step k). For 
each  calculation  of  the  voltage  held  at  the  wall  of  the  velocity  on  the  wall  at  a 
predetermined velocity range (in this example from 0 to n in increments m). 

Conclusions 
The developed technique provides a polynomial dependence of the rate on the 

channel  wall  of  the  average  integral  velocity  at  the  inlet  to  the  channel  for  a  wide 
range of polymeric materials and technological modes of processing. The technique 
can be used for further mathematical modeling of the polymer flow, thus obtaining 
the distribution of molding parameters (e.g., velocity, pressure) at a higher accuracy. 
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