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The object of research are polymers such as homopolymer – polypropylene and its copolymers.
The goal of the project - the goal of our project in 2020 was to perform numerical modeling on various head bodies, manufacture a small-sized prototype of an extrusion head using a milling machine, as well as scientific and organizational work.
Methods of research: 
Using a variety of mathematical models to perform numerical calculations using Python, Ansys, MATLAB, and COMSOL programs. Using the Arrhenius law in computational stages to establish the dependence of viscosity on the temperature of the flow of a polymer fluid, as well as describing the viscosity of a fluid flow by other rheological models such as Casson and Carreau-Yasuda.	
Results of research: 
In 2020, an extensive computational analysis was performed on the flow of polymer fluid in various head bodies. In addition, the Casson and Carreau-Yasuda models were taken into account to describe the fluid viscosity, and the temperature dependence. The results were obtained from the results of numerical simulation of the flow of polymer fluid in different bodies of the extrusion head and taking into account the above conditions of the models. In 2020, 2 articles were published in an internationally recognized scientific journal, with an impact factor of 2.753, 1 article was accepted in the same journal and will be published soon. Also 1 scientific work is being prepared for completion.	
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INTRODUCTION
Scientific development of the optimal design of certain buildings of production equipment, in general, plays an important role in increasing production efficiency [1]. In this project, the object of scientific research is polymers. As you know, these are materials that are inexpensive, lightweight substitutes for traditional materials such as metals, glass, wood, etc. In particular, to increase the productivity of extrusion equipment, an important factor is the optimal design of the head bodies [2]. Since a number of scientific studies lead to improved shell design, this project focuses on performing numerical simulations and methods for analyzing the flow of polymer fluid in the cavity of various die shells of extrusion equipment.
In 2018, the annual report was completed and the inventory number 0218RK01380 was obtained. We collected a sample of polymers and analyzed them, and also defined the specifications of the extrusion products. In order to optimize the die design, initial computational algorithms were developed. As a result, scientific and organizational work was carried out as a result of which articles for the conference and journals were published.
In 2019, the annual report was completed and the inventory number 0219RK00228 was obtained. We performed rheological checks and obtained characteristics of the physical and chemical properties of the polymer. In order to further optimize the design of the extrusion head, numerical simulations of the design algorithms for the extrusion head were performed. We also carried out scientific and organizational work as a result of which articles for the conference and journals were published.
This year, in order to achieve the necessary results in the direction of computational analysis, first of all, it is necessary to study numerical methods, different laws of viscosity and the Arrhenius law, which will allow introducing the dependence on temperature into the analysis.
As a result, several improved versions of the die body of the extrusion equipment were obtained. In addition, 2 papers were published in a scientific journal and 1 was accepted for publication.









MAIN PART OF RESEARCH REPORT
1 Performing numerical simulations on various head body sizes
The extrusion process is one of the important processes used in the processing of polymers. One of the applications of polymer extrusion is the extrusion of a flat polymer sheet. In this process, the head of the body has a significant role, since it is designed to evenly distribute the polymer melt over the cavity, and the uneven thickness and distribution of the shear rate, liquid temperature can lead to low quality of the final product [3]. In order to improve quality and with the development of computing power, numerical methods have become a more common method for analyzing movements within extrusion dies.
In regards to these opportunities, we have carried out a number of methods such as approximating the design of the head with a spline curve and using a more complex rheological model with a temperature dependence. The optimization algorithm was based on the response surface method to ensure a uniform head exit speed. To optimize the geometry of the die cavity of the extrusion equipment, it was necessary to simulate the flow field. For this purpose, the generalized Newtonian model of a viscous incompressible fluid was numerically solved by the finite volume method. This process solves the stationary continuity equation, Navier-Stokes equations and energy equations. Simulations are performed using the commercially available Ansys Fluent 19.1 software package, a computational fluid dynamics package that numerically solves flow equations using a finite volume method.
 
[image: C:\Users\Фора\Desktop\processes-08-01043-g001.png]
Figure 1 - New scheme of the extrusion head
As shown in Figure 1, this head layout was used for our numerical analysis. As a result of the analysis, the profiles of the velocity and temperature of the flow of the polymer fluid in the head cavity were obtained (Figure 2).
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Figure 2 - Velocity and temperature profiles based on the temperature-dependent Carreau-Yasuda equation at the inlet

Since the above curves belong to the results of the solution by the finite volume method, we performed numerical calculations using the response surface method on an improved version of the extrusion head. Figures 3 and 4 show comparisons of temperature and velocity distributions in the cavity of the old and improved hulls.
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Figure 3 - Velocity distribution in the original (a) and new scheme (b) of the head body

Figure 4 - Temperature distribution in the original (a) and new scheme (b) of the head body

The results (Figures 3 and 4) of the numerical analysis of the fluid flow in the casing according to the scheme in Fig. 1 can be understood to be satisfactory, since the temperature and polymer flow rate are uniform in the improved casing.
	The next numerical analysis is the use of the finite element method, which allows solving the temperature distribution of the liquid just as quickly and efficiently. This time, numerical simulations were applied to the fluid flow at the inlet to the die. Figure 5 shows the result of the simulation of the temperature distribution of the liquid in the cavity of a circular pipe.

Figure 5 - Solutions of the temperature distribution of a liquid flow (a) inside a circular pipe by the finite element method (b) cross section
In this way, the required pipe length can be calculated, which will ensure a uniform temperature level of the liquid, which will lead to quality production.
	In addition, we also performed a structural analysis of the new and improved die body design. A new and improved design (Figure 6) was derived from Winter's design and the corresponding geometry was then evaluated using a numerical fluid-structure interaction. It was determined that it was necessary to identify the required mass flow range.

Figure 6 - Improved head body model for structural analysis
 




















2 Manufacturing of a small-sized prototype of an extrusion head using a milling   machine
	 Manufacturing a prototype, as is customary, requires a number of stages - preparing the design of the model of the extrusion head, purchasing the necessary material, making a prototype and testing. We carried out the first stage of the field of numerical simulation of the flow of liquids in different buildings. Unfortunately, the rest of the steps are not completed due to the expensive material for the prototype. Of course, other materials with low cost can be used, but during the testing phase, the finished prototype will not be suitable for comparison with scientific calculation results.



























3 Scientific and organizational work
	We have successfully produced scientific articles, published and preparing for submission for publication in the international rating journal "Processes". This scientific journal has a high reputation and an impact factor of 2.753. Below are all of our 2020 scientific results. In particular, the scientific results for 2020 were the optimization of the polymer extrusion head based on the response of the surface method, numerical modeling of temperature flows in the cavity of polymer extrusion channels. And also other scientific work was accepted for publication on modeling the shear rate of flow in the extrusion head using the Casson viscosity model. Another work is being prepared for submission for publication on the approximation of the stationary Carreau-Stokes problem by the finite element method. All of the above published works have successfully passed peer review in the international journal Processes.
























CONCLUSION
	As a result of 2018, a number of tasks were completed, such as collecting a sample of polymers and analyzing them, and also defining the specifications of extrusion products. In order to optimize the die design, initial computational algorithms were developed. As a result, scientific and organizational work was carried out as a result of which articles for the conference and journals were published.
	As a result of 2019, the following tasks were completed, such as performing rheological checks and obtaining characteristics of the physical and chemical properties of the polymer. In order to further optimize the design of the extrusion head, numerical simulations of the design algorithms for the extrusion head were performed. We also carried out scientific and organizational work as a result of which articles for the conference and journals were published.	
	In final 2020, an extensive computational analysis of the flow of polymer fluid in various die bodies was carried out, in particular, a number of methods were performed, such as approximating the design of the die using finite elements and volumes, and using a more complex rheological model with temperature dependence. As a result, several improved versions of the die body of the extrusion equipment were identified. In addition, 2 papers have been published in a scientific journal, 1 paper has been accepted for publication and 1 is being prepared for completion.
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Appendices 1.4

to Agreement N.  from
2018 for grant
funding

TECHNICAL SPECIFICATIONS AND
CALENDAR PLAN

Contract No from 6 April 2018
1. Autonomous organization of education "Nazarbayev University"

1.1 Priority: 1. Rational use of natural resources, including water resources, geology,
processing, new materials and technologies, safe products and structures.

1.2 For sub-priority 1.26 Polymeric materials with special properties.

1.3 On the subject of the project: # AP051 34166 “Development and prototyping of extrusion
dies for the production of advanced plastic sheets and thin films).

14 Total project amount 27 180 000 (twenty-seven million one hundred and eighty
thousand) (in words) tenge, including with a breakdown by years, for the performance of work in
accordance with clause 3:

- for 2018 - in the amount of 9 000 000 (nine million) tenge;

- for 2019 - in the amount of 9 081 000 (nine million and eighty one thousand)
tenge;

- for 2020 - in the amount of 9 099 000 (nine million and ninety nine thousand) tenge.

2. Characteristics of scientific and technical products
and economical indicators
2.1 Focus areas: Modeling and Simulation, Mechanical Engineering, Mechanical
Engineering and Polymer Science.
2.2 Applications: Polymer processing, polymer extrusion technology.
2.3 Endresult: Optimum die design for processing polyethylene and polypropylene (PP)
resins.
- per 2018: analysis of samples of polymers of local production, algorithm
for optimization of the head body in the head interior;
- for 2019: characterization of the physical and chemical properties of the polymer, numerical
modeling of head design algorithms,
- for 2020: a compact prototype of an extrusion head.
2.4 Patentability: yes.
2.5 Scientific and technical level (novelty): high.
2.6 The use of scientific and technical products is carried out:
2.7 Type of use of the result of scientific and (or) scientific and technical activities:

3. Name of works, terms of their implementation and results

Task Name of work under the Period of completion Expected Result

code, Agreement and the main

stage stages of its implementation Start End

1 Collection of a polymer sample March Until The sample will be collected
from 2018 Nov.1 |polymer from the polymer
polymer manufacturer and their 2018 manufacturer and their analysis.
analysis Local and regional polymer

samples will be analyzed
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2 Definition of specifications March Until Will be determined
duct extrusion 2018 Nov. 1 |specifications products
2018 extrusion.
Scale, dimensions, types
extrusion products
3 Development of algorithms for March, Until [ Algorithms will be developed
2018 Nov. 1 [to optimize
optimization of the head body in 2018 corps heads in the interior
the interior of the head of the head.
Design codes budul chsheny
4 Scientific and organizational work March, Until Scientific and organizational
2018 Nov.1 Job.

2018 results will
be presented at seminars,
conferences, scientific articles
will be published in review
journals.

5 Performing rheological January, Until ‘Will be done
checks and characterization of the 2019 Novembe |rheological check  and
physical and chemical properties 11,2019 | characteristic physically-
of the polymer chemical properties of the
polymer. Rheological data from
tests will be
received and tabulated
6 Execute the number Lnvar, Until Numerical
Simulate design algorithms head| 2019 Nov. 1 [Simulate design algorithms head
and obtain design data for specific 2019 and obtain design data for
products specific products.
CAPP output for some specific
polymer products
7 Execution of the January, Until Numerical
modeling on different body sizes 2019 Nov. 1 | modeling on various head body
head 2019 sizes.
Optimized design outlet flows for
various body sizes
8 Scientific and organizational work| January, Until ‘Will be carried out by scientific
2019 Nov. 1

2019 organizational work. Results will
be presented
on seminars,
conferences, scientific articles
will be published at
IeView magazines.

9 Performing statistical January, Until ‘Wil be executed
nonlinear regression based on the] 2020 Nov. 1 | statistical nonlinear
results of theological tests 2020 regression by results
theological checks Statistical
appraisals

parameters in models

theology
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10 Execution of the January, Until [ Numerical
modeling on various 2020 Nov.1 |modeling on different sizes of the
head body dimensions 2020 head body.
Optimized outlet flows at designs
for various body sizes
11 Manufacturing small-sized January, Until ‘Will be made
prototype extrusion heads 2020 Nov.1 |a small-sized prototype of an
using milling machine 2020 extrusion head using a milling
machine.
Will be
manufactur
ed small-sized prototype of the
extrusion head
12 Scientific and organizational work | January, Until ‘Will be carried out by scientific
2020 Nov. 1
2020 organizational work. resultswill

be

presented on seminars,
conferences, scientific articles
will be published

at review magazines.
Science articles will
be published at review
magazines
2 articles will be published in
peer-reviewed foreign
scientific

publicatio

ns, indexed at databases
Web of Science or Scopus with a
non-zero impact factor. As well
as 2 publications in peer-
reviewed foreign and domestic
scientific
publications with a nonzero
impact factor. (in journals of]
mechanical and  chemical
engineering), presentations at
international conferences
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Abstract :

Today, the World was observing an increased demand in polymers 272 low-cost and lightweight materials that currently
substitute traditional materials such as metals, glass and paper in many applications. The design flexibility that the
polymers offer make them extremely valuable for such end industries as construction, packaging automotive,
telecommunication and other related industries. Polypropylene (PP is a flexible polymer with diverse applications,
including flexible packaging, polymer banknotes, and engineering materials. PP has low density, a higher melting point
(@bout 1609C) and excellent chemical resistance. This suggests that PP is suitable for injection molding (for heavier-duty
applications such as safety helmets, electrical tools, TV casing, etc.), blow molding (for stronger containers such as bottles
tubs, fuel tanks) and extrusion processing techniques (for packaging). Extrusion technique is the most common mashine:
in polymer processing industry. Extrusion is one of the promising method to prepare different thin films for packaging,
which can be defined as the act of a shaping a polymer material by forcing through a die by means of pressure [11.
Rheological data of polymers can be used in determining whether or not a type of polymer can be extruded. It helps in
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3D FEM study of the flow uniformity of flat film/sheet extrusion dies
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Abstract. Coat-hanger dies are widely used in the extrusion of polymer sheets and films.
However, when designing the flat film/sheet extrusion dies manufacturing companies still
facing difficulties in achieving the flow uniformity of the polymer melt. This affects the product
quality and tool life. This study examines the existing extrusion die design which is used in in
the industry in Kazakhstan for polypropylene sheet production and proposes better geometry of
a die. These die geometries will be tested for flow uniformity in terms of velocity and pressure
at the outlet.

Introduction

Polymer extrusion is a major polymer processing technique used to produce a wide range of
plastic products such as flat polymer sheets, films, plastic tubes, window channels, etc. The
function of a sheet/film extrusion die is to create extended part of desired cross-section with
large width-to-thickness ratios [3]. Products of thickness less than 0.25 mm are called films, but
if the thickness is over 0.25 mm the output product is referred to as sheet [8]. An optimization
of the die geometry plays a crucial role in achieving the desired quality and characteristics of
the final product [4].

A well-designed die should provide balanced flow of the melt through a die opening with
minimal pressure drop, uniform exit velocity and temperature distribution. 1 % variation in
pressure may cause an extrusion output variation of 3 % depending on the rheological
characteristics of an extruded material [7]. A non-uniform velocity distribution at the die exit
may cause variations in the sheet thickness across the width of the die. Increased velocity in a
given section will thicken corresponding cross-section of the product due to higher volumetric
flow and elongational strain rate. The melt temperature fluctuation affects the material viscosity,
density, process stability, extrusion output rate and quality of the extruded product [6].

The aim of this work is to examine existing extrusion die geometry and compare with
improved die geometry in terms of velocity and pressure fields at the die outlet. The design of
geometry for extrusion die is accomplished applying the “trial and error” approach, which is
difficult and time-consuming because of the non-linear relationship between the material
viscosity, shear rate and temperature [5]. In fact, the use of finite element models will allow
investigating the effects of the die geometry on the material flow and on the stresses acting on
the die so to reduce the die wear and to improve the tool life. The software used to perform the
simulations was a commercial Solidworks and Ansys Polyflow.
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Design & Optimization of Die body for polymer extrusion
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Abstract

Polymer extrusion is one of the largest material manufacturing processes, which is deployed in
the substantial amounts of productions. The variety of the output product types is greatly attributed
to the die part of the extruder because it is one of the essential components that shapes material. The
main purpose of this paper is to create a feasible and efficient design of the extrusion die, which
would meet the design requirements and would be more convenient to use as well as have better
performance compared to the existing design. In order to obtain adequate results, CAD model of the
die body were created and simulated in the SolidWorks Plastics and COMSOL software. It is found
from the results of the simulation that, proposed design demonstrated better performance in terms of
uniformity of the flow at the outlet as well as pressure and temperature distributions.

Introduction

Nearly two centuries passed from the invention of the first patented extrusion process and with
the passage of time it became one of the most widely used manufacturing processes. Although
extrusion started as the process mainly operating with metals but eventually with the increasing
demand in products with different composition, it has developed into a multi-material process [1].
Extrusion is defined as a manufacturing method of processing materials where the material is
continuously pushed through the extrusion die, which shapes the output at constant cross sectional
profile. Extrusion process can be divided into several different types depending on the material that
is used and machine configuration such as direct and indirect extrusion, cold and hot extrusion,
hydrostatic extrusion, tube extrusion [2]. One of such types of extrusion is the polymer extrusion,
which is the focus of this paper.

Current die design in one of the Extrusion plant in Kazakhstan experiences issue due to non-
uniform flow of product, causing them lot of process waste. The aim of the paper is to create a die
body design that can produce better results of flow distribution at the outlet of the die, uniform
pressure distribution and achieve stable velocity through die body. The creation of such model was
an iterative process of applying “the trial and error” approach due to the fact that application of
existing parametric calculations would be exact reproduction of the others work and take away the
navelty of the design. Besides, the vast amount of the variables and interactions that affect the flow
characteristics would make the work tedious and sophisticated. The model was constructed in
“Solidworks” software and its performance was simulated using “COMSOL” software.

Theory

Before proceeding to the simulation part of the report, it is worth mentioning the model, which
was used in the computational software for the derivation of the dynamic viscosity. Essentially, the
dynamic viscosity also sometimes referred as absolute viscosity is the measurement of the internal
resistance of the fluid to the flow. The implemented model is named power-law model, which is used
to characterize process fluid. The power-law model is described using the Ostwald-de Waele
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Abstract: A coupled surface response optimization method with a three-dimensional finite volume
‘method is adopted in this study to identify five independent geometric variables of the die interior
that provides a design with the lowest velocity variance at the exit of the coat-hanger extrusion die.
Two of these five geometric variables represent the manifold dimension while the other three variables
represent the die profile. In this method, B-spline fitting with four points was used to represent the
die profile. A comparison of the optimized die obtained in our study and the die with a geometry
derived by a previous theoretical work shows a 20.07% improvement in the velocity distribution at
the exit of the die.

Keywords: polymer processing; sheet die design; response surface method; design optimization;
‘manufacturing process design

1. Introduction

Extrusion process s one of the important processes deployed for polymer processing. One of the
associated applications of polymer extrusion s extruding a polymer flat sheet. The coat-hanger die is
designed to distribute the polymer melt uniformly through the die lip. Non-uniform thickness across
the width of the extrudate results in low quality yield. To prevent this adverse effect, non-uniform
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Abstract: Flow distribution channels in extrusion dies are typically designed to assure uniform
fluid velocity, pressure and temperature in the outlets. To ensure this uniformity, it is desirable to
have the fluid melt to reach a steady state temperature in the entrance channel before entering the
die body. This paper numerically investigates the temperature distribution of the fluid melt in the
entrance channel. Analytical solutions of the velocity and finite element solutions of temperature
distribution in Poiseuille flows of polypropylene melt with the Casson theology model were derived
and presented. In the velocity solution, the critical point that separates the core and the remaining
parts in the flow was caleulated by using the inlet flow rate and the yield stress in the Casson model.
The velocity distribution was then substituted into the convective heat equation for temperature
distribution simulations. A finite difference scheme was used to obtain the temperature distribution
profiles along the flow direction in a parallel-plate, while the finite element model was used to model
the flow temperature in circular tubes. The main outcome s the parametric analyses of the effect of
various parameters such as radius, wall temperature, inlet temperature, and pressure drop to the
optimal length of the channels required for the flow temperature to reach the steady stae.

Keywords: extrusion die; Poiseuille flows; Casson model; parallel-plate; circular tube; finite
element method
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