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CONTROL OF THE SHEAR STRAIN IN THE HOMOGENIZATION ZONE OF THE
DISK EXTRUDER

A simple method for determining the quality of a polymer melt is very important in production. A method that provides
simplicity and quick use, making it valuable for optimizing extrusion processes.

This work describes how the mixing effect can be improved by changing the velocity fields and thereby changing the
shear strain values. The shear strain has been calculated for all four channels of the homogenization zone of a disk extruder. It was
found that changing the disk rotation frequency allows changing mean value of the channel shear strain rate from 3324 to 4966
with constant performance for the entire homogenization zone. The impact of the different channels on the mixing effect was
evaluated, with the first, second, third, and fourth channels contributing 21%, 57%, 15%, and 7% respectively to the overall
homogenization zone's effectiveness of mixing. Additionally, it was found that the second channel experiences the highest shear
strain values. In the case of the third channel, although the shear rate values are relatively high, the short residence time of the
melt element results in comparatively smaller shear strain values. The average shear strain values remain constant for a given disk
speed. It is indicated that it is possible to assess the quality of mixing by the amount of energy supplied, which simplifies the
process of determining the quality of the melt, as well as its regulation.
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HTVY «KuiBcbkuiil noniTexHiqHuii iHCTUTYT iMeHi Iropst CikopchKoro»

PET'YJIIOBAHHSA JE®OPMAIIIL 3CYBY B 30HI TOMOT'EHI3AIIIL JUCKOBOI'O
EKCTPYJIEPA

[lpocTi METOA BUBHAYEHHS] SIKOCTI pO3/IaBy MOJIIMEDY € AYXKE BaX/MBUM ¥ BUPOOHUYTBI. MeTog skmi 3abesnedye
NPOCTOTY | WBUAKE BUKOPUCTAHHS], LLO POOUTL HIOro LiHHMM AU15 ONTTUMI3aLl ITPOLIEciB excTpya3ii,

B po6OTi OrmicaHo Te, K MOXHA ITOKDALYNTH 3MILLYIOYMI E€QEKT 3MIHIOYH LUBUAKICHI MO [ TUM CaMuM 3MIHIOIOYM
3Ha4YeHHs1 Aegopmauii 3cysy. 715 yCiX HYOTUPLOX KaHa/liB 30HW FOMOreHi3auli AUCKOBOro €eKCTPyAEPa POBEAEHO PO3PaxyHOK
Aedopmadii 3cysy.

BCTaHOBIEHO, 1O 3MiHA 4YacToTv OBEDTAHHS ANCKA AO3BOJISIE 3MIHIOBATH Ae@opmaliio 3cyBy Big 3324 po 4966 ripu
HE3MIHHIV MPOAYKTUBHOCTI A/15 YCiel 30HM roMorerizaLlli. by/io OLIHEHO BB PI3HUX KaHasliB Ha eQeKT repeMillyBaHHs. EPLINY,
APy, TPETiV | YeTBEPTMI KaHa/m BHOCATb 21%, 57%, 15% i 7% BIAMOBIAHO 4O 3ara/ibHOI €QEeKTUBHOCTI MEPEMILLYBAHHS B 30HI
romoreHizadii. Kpim Toro, 6y/10 BUSB/IEHO, YO APYIMH KaHa/l 3a3HAE HaVBULUNX 3HAYEHb Aeq@opMaLlii 3CyBy. Y BUNaAKy TPETLOro
KaHa/Ty, X043 3HAYEHHS LUBUAKOCTI 3CyBY BIHOCHO BUCOKI, KOPOTKUY 4ac NepebyBaHHs pPO3I/IaB/IeHOro €/1EMEHTA MPU3BOANTL [0
TTOPIBHSIHO MEHLLUMX 3HAYeHb Aedopmaulii 3cyBy. CEPEAHI 3HAYEHHS Ae@OpMaLi 3CyBy 3a/MIUAIOTLCS TOCTIVIHUMU [U15 384aHOI
LUBUAKOCTI 06epTaHHs ancka. OrucaHe BKasye Ha MOX/MBICTb OLIHIOBaHHS SKOCTI 3MILLYBAHHS 110 Ki/IbKOCTI MigBEAEHOI eHEDTTi, 14O
CrIPOLLYE MPOLEC BUIHAYEHHS SKOCTI PO3I1/IaBY, @ TAKOX HOro pery/itoBaHHs.

KI1to40Bi ¢10Ba: eKCTpy3is, SKICTb PO3I1/iaBy, TEMIEPATYPHE OAHOPIAHICTL, rOMOIrEHI3aLis; ANCKOBUY EKCTDYAED

Problem definition
In recent decades, polymer extrusion has been seen significant development and improvement in polymer
extrusion technologies. However, the determination and control of melt quality remains a rather difficult task and
requires further research.
The homogeneity of the melt determines the quality of the product. The uneven distribution of components
can cause product defects.

Analysis of recent research and publications
Among the different methods for determining melt homogeneity, the best is the one that can be applied
directly during the extrusion process [1]. The work shows the possibility of assessing melt homogeneity by
temperature homogeneity directly during the extrusion process.
As productivity increases in screw extruders, the screw rotation speed increases. This increases the
dissipation of energy in the melt, and therefore increases the melt temperature [2]. At high screw speeds, the melt
quality worsens [3].
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The screw speed is the most important process parameter that affects the melt temperature level and
thermal homogeneity in the melt flow [4].

The melt is considered to be sufficiently homogenized when temperature fluctuations at different points are
within 2 °C [1].

Article [5] analyzes the impact of different types of static mixers using two criteria: energy consumption
and compactness. Energy consumption was determined by the value of the pressure drop, and compactness by the
length of the mixer. It is indicated that the problem of some mixing elements is a significant pressure difference,
especially in elements of short length.

A disk extruder can also be used, where the extruder disk is a dynamic mixer. The homogenization zone
consists of several consecutive channels of different configurations [6]. In this case, a high level of mixing is
ensured with the possibility of adjusting the mixing effect at a constant melt output. The pressure drop in such an
extruder is not significant and, accordingly, energy consumption is low.

The process of homogenization with the possibility of adjusting the quality of the melt in four channels of
the homogenization zone of a disk extruder at constant productivity is considered for the first time. The work points
out the possibility of determining the melt quality by shear strain.

Formulation of the goals of the article
The purpose of this work is to determine the effect of all channels of the homogenization zone on the
mixing effect and to compare the effect of each channel.

Presenting main material
The graphs are presented on the example of calculating the first straight annular channel formed by two

horizontal co-axial cylinders, one of which is the inner one with a radius of R;=0,0875 m rotating, and the inner one
with a radius of R, =0,0925 is stationary, the width of the annular clearance is /& = R2 — R1 =0,005 m, the length is

L=0,01 m with a constant given volume flow rate G, =9,058- 10°% m’ / s . The residence time is defined as:

T=L/V €))

Here, L - the length of the channel under consideration is the lengthwise velocity. The definition of the
velocity field components is shown in [7].

It is possible to adjust the velocity field by changing the rotational speed by + 30 rpm, which is +20% of
the nominal value of the disk speed @, and by 2 mm of the nominal value of the disk clearance width. The total

7sum = \Jyl%m + 7}t2an : (2)

Where y, is the shear rate of the longitudinal melt flow, and J,,, is the shear rate of the tangential melt

shear rate y_ _ is determined from Eq:

sum

flow, they are given in [7].
The product of the total shear rate by the time the melt element is in the channel makes it possible to
determine the shear strain:

V=o' T 3)

The results.
The figures show the calculation results for the first channel. The distribution of the residence time of the
melt element is shown in Fig. 1, and the shear strain along the width of the first channel is shown in Figs. 2-3.
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Fig. 1. Distribution of melt element residence time along the width of the channel
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Fig. 2. Distribution of the accumulated shear strain along the width of the first channel;
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Fig. 3. Distribution of shear strain along the width of the first channel in the range from 0.5 to 4.5 mm;
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Table 1
With a disk clearance of 3 mm
Shear strain value, unit Average value of shear rate, s-1 Average value of shear rate, s
120 rpm 150 rpm 180 rpm 120 rpm 150 rpm 180 rpm 120 rpm 150 rpm 180 rpm
1 channel 694 869 1041 222 278 333 3,13 3,13 3,13
2 channel 1879 2345 2812 310 387 464 6,06 6,06 6,06
3 channel 509 633 763 176 219 264 2,89 2,89 2,89
4 channel 242 296 350 54 66 78 4,49 4,49 4,49
ZH 3324 4144 4966
*ZH- zone of homogenization
Table 2

With a disk clearance of 1 mm

Shear strain value, unit Average value of shear rate, s-1 Average value of shear rate, s!
120 150 180 120 150 180 120 150 180
00/xB 00/xB 00/xB 00/xB 00/xB 00/xB 00/xB 00/xB 00/xB
1 channel 694 869 1041 222 278 333 3,13 3,13 3,13
2 channel 1859 2318 2786 925 1153 1386 6,06 6,06 6,06
3 channel 530 652 776 551 678 807 2,89 2,89 2,89
4 channel 242 296 350 54 66 78 4,49 4,49 4,49
ZH 3325 4134 4952
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Fig. 4 Diagram 1 of the shear strain values of the channels of the homogenization zone: a) columnar, b) sectoral

In the cylindrical annular channel of a disk extruder, it is possible to adjust the shear strain by changing the
rotational speed of the disk by changing the tangential component of the melt flow velocity (Fig. 1-2).

It is stated in [8] that the heterogeneity of the shear strain field, where the shear strain values are not
significant in the middle of the channel, leads to a low level of mixing quality.

Since the longitudinal velocity varies along the width of the clearance according to a parabolic law, from 0
at the edges to the maximum in the center of the channel, the residence time of the melt element depends on the
location of the element along the width of the zone Fig. 1.

Good mixing is ensured at shear strain values of 2000 and more [9]. The arithmetic mean value of the
channel shear strain rate in the range from 1 to 4 mm, which is 60 % of the channel width, differs by 7,6 % from the
average value in this range Fig. 2, and in the range from 0,5 to 4,5 mm, i.e. 80 % of the channel width, differs by
21,6 % from the average value of the shear strain rate in this range Fig. 3, which indicates that in general, the
majority of the channel cross-section has a uniform distribution of shear strain values. This is explained by the fact
that where the shear rate and velocity are also lower, the residence time of the melt in the channel is longer.

It should be noted that we can both improve the quality of mixing and reduce energy consumption and,
with this in mind, choose the appropriate operating mode when a sufficient level of mixing is ensured with minimal
energy consumption.

Comparing Tables 1 and 2, we can see that the arithmetic mean values of the shear strain are the same at
the same disk speed. Since with a smaller gap of the working body, the cross-sectional area decreases and the
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volume remains unchanged, the longitudinal velocity increases, as well as the longitudinal and tangential shear rates
increase. At the same time, the residence time of the melt element decreases. Therefore, the product of the shear rate
and the residence time of the melt element remains constant Table 1.2.

Fig. 4 shows that, at constant productivity, changing the disk speed allows changing the shear strain from
3324 to 4966 and that the value of the shear strain depends on the value of the disk speed and does not depend on
the value of the disk gap. The influence of the first, second, third, and fourth channels on the mixing effect was also
determined, which account for 21%, 57%, 15%, and 7%, respectively of the total value for the entire
homogenization zone. And that the values of shear strain in the second channel are the largest. In channel 3, the
values of the shear rate are quite large, but since the residence time of the melt element is not significant, the values
of the shear strain are also relatively small.

Thus, it can be concluded that the quality of mixing in the homogenization zone of a disk extruder can be
assessed by the amount of energy supplied. This will greatly facilitate the process of determining and controlling the
quality of the melt.

Conclusions from this study and prospects for further research in this direction

The possibility of improving the mixing effect by adjusting the velocity fields and thereby changing the
value of the shear strain is described. The shear strain was calculated for all four channels of the homogenization
zone of the disk extruder and the influence of each channel was determined, as well as the fact that the highest
values of shear strain are in the second channel. Changing the speed of the disk allows changing mean value of the
shear strain rate from 3324 to 4966 with constant productivity for the entire homogenization zone.

In a disk extruder, the quality of mixing can be assessed by the amount of energy supplied, which
simplifies the process of determining the quality of the melt, as well as its regulation.
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