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Abstract. The aim of this study is to determine the regularities of the non-isothermal flow
process of the melt in a conical annular channel, taking into account the heating and melting of
granules due to dissipation energy. A higher rotation frequency contributes to intensive heating of
the melt and a more pronounced reduction in granule volume. It has been shown that granules are
melted in the conical channel. Tangential velocity components and shear velocities decrease as the
cone radius diminishes, and the effective viscosity of the melt depends on temperature and shear
rate. Factors affecting the pressure drop in the channel are presented. The results of the work are
depicted in graphs at disk speeds of 120 and 150 rpm. The same calculation procedure is applied
for the conical annular channel as for the cylindrical annular channel. The only difference is that
for the cylindrical annular channel, the longitudinal coordinate Z is used, whereas for the conical
annular channel, the longitudinal coordinate 7 is used. Thus, the introduction of orthogonal
coordinates significantly simplified the overall calculation procedure for processes occurring in the
homogenization zone.

Keywords: disk extruder, polymers, conical annular channels, modeling, non-isothermal
processes, melting.

Anomauia. Ha sxicms posnnagy enausae bazamo napamempis, maxkux K mun 001aOHAHHS,
ceomempisi pobouux opeauis i Kon@icypayis kananis, y akux 6iooysacmocsa meuis. [L[o6 ompumamu
Xopouty AKiCMb  pO3naagy, NOMpiOHO NIOMPUMYEAMU pedcCUM pobOmuU 6 3A0AHUX MediCax,
KOHMPONIOI0YU KIIOY08I napamempu, maki K memnepamypa po3niaey, 8i0 sAKoi 3anexicamsv 1o2o
OCHOBHI Xxapakmepucmuxu. Mema yvoco 0Oocniodcenns noasicac 6 momy, Wob SUIHAYUMU
3aKOHOMIPDHOCMI HeI30MepMIYHO20 npoyecy medii po3niagy 6 KOHYCHOMY KilbYeGoMYy KaHall 3
VPaxy68aHHAM HA2PIBAHHS | NIAGNEHHA 2PAHYI 3a PAXYHOK eHepeii oucunayii. [lonepeoni po3paxynku
KAHAi6 30HU 20MO2eHi3ayii OUCK0B020 eKcmpyoepa 6KA3yIomyb Ha HeoOXIOHICMb Ypaxyeamu me, wo
uacmuHa emepeli eumMpavacmvcs Ha NaaeienHs 2epauyl. Buwa uacmoma obepmanmns cnpuse
IHMEeHCUBHOMY HA2PIGAHHIO pO3NNA8Y [ OLlbul I[HMEHCUBHOMY 3MEHUleHHI0 00'emy 2pamyi.
Ilokazano, wo epanynu OonnaeuIOIOMbCs 6 KOHYCHOMY KAHAL, RNICAA 4020 6ce Menao ioe Ha
Haepieanns posnuasy. TaneenyianvHi cKIa008i WBUOKOCMI | WBUOKOCMI 3CY8) 3MEHUYIOMbCA 3i
3MEeHUeHHAM padiyca KOHyca, a eqheKmusHa 8 s3Kicmyv pO3Naey 3anedcums 6i0 memnepamypu ma
weuokocmi 3cygy. Ilepenad mucky 6 kanani U3HA4AEMbCs PAOOM PAKmMopis, ceped AKUX WUPUHA
KaHany, Koegiyienm KOHCUCMEeHMHOCmI ma nokazHux cmenens. Haoano epaghiuni 3anescrnocmi
PO3nO0INYy  memnepamypu — posniagy, NUMoMo20 00°e€my 2pamyl, MUCKY, ycepeOHeHUx
MAH2EeHYIANbHUX UWBUOKOCMEU 3CY8Y Ma 3MIHU e(heKmMUBHOI 6 A3K0Cmi po3naagy no 008MHCUHI

30ipHux HaykoBuX npaus YrpAY3T, 2023, Bun. 205
37



30ipHUK HAYKOBHUX NPalb YKPAIHCBKOIO0 JePKABHOI0 YHIBEPCHTETY 3aJi3HUYHOT0 TPAHCIIOPTY

Kanany npu weuoxocmsax oucka 120 i

150 o06/x8. 11 KOHYCHO2O Kinblye8oco KaHALy

3aCmMoCco8yEmMbCs MaKa cama npoyeoypa po3paxyHky, K i 018 YUIIHOPUUHO20 Kilbye8o20 KAHATY.
Pisnuysa nuwe 6 momy, wo ona YuniHOpUYHO2O Kilbyeso20 KAHANY 3ACMOCO8YEMbCA NOO0BIHCHS
Koopournama L, a 015l KOHYCHO20 KilbyeB020 KAHAY 3aCmOCO8YEMbCs NOOOBICH KOOPOUHama Y .

Tomy 86edents OpMO20HANILHUX KOOPOUHAM ICMOMHO CHPOCMUNO 3a2ATbHY NPOYeoypy PO3PAXYHKIE

npoyecis, sKi 8100)Y8a0MbCsl 8 30HI 20MO2EeHI3ayil.

Knrouogi cnoea: ouckosuii excmpyoep, nonimepu, KOHYCHI Kilbyesi KAHAIU, MOOEN08aHHs,

Hei30mepMIYHI npoyecu, NiaGleHHs.

Introduction. The melt quality depends
on many factors [1, 2]. A significant factor is
the type of equipment and the specifics of the
working parts' geometry. A well-chosen screw
clearance can lead to improved mixing quality
[3]. To achieve high melt quality, it is essential
to ensure a stable extrusion process. Therefore,
it is crucial to understand the flow nature and
the primary extrusion process parameters that
significantly influence the process itself. Such
parameters include, for example, the melt
temperature, which varies throughout the
homogenization zone and on which the
thermophysical and rheological characteristics

depend.
Literature review and problem
statement. Preliminary calculations have

shown that if all granules are fully melted at
the entrance to the homogenization zone, the
melt  temperature rises  sharply and
significantly deviates from actual readings.
This suggests the need to consider energy
consumption for the additional melting of
granules in the melt. This is confirmed in
study [4], where samples obtained after
stopping the melting were analyzed. It can be
inferred that the solid polymer, in a fully filled
area, is displaced by the melt to the upper part
of the clearance, and melting occurs due to
energy dissipation in the melt films.
Experiments have shown that the most stable
operating modes are those in which 50-60 %
of the melt forms in the screw thread [4]. The
homogenization zone of the disc extruder
consists of 4 channels (Fig. 1), which includes
two straight annular channels, a conical
annular channel, and a disc clearance. The
straight annular has been discussed in works
[5, 6], and in work [7], a computational

experiment of the melt flow model with
undermelted granules was  conducted,
describing the calculation methodology. It also
demonstrates that the granules continue to melt
in the conical channel. In work [8], the flow
processes in the conical channel and the
calculation procedure in analytical form are
described for the first time. This article
addresses the flow processes in the conical
channel with undermelted granules.

The aim and objectives of the study.
The objective of the study is to investigate the
non-isothermal flow process of the melt in the
conical annular channel, which contains solid
particles, to describe the heating and melting
process of granules due to dissipation energy.
In line with this objective, the following tasks
have been set:

- Determine the regularities of the non-
isothermal flow process of the melt in the
conical annular channel,

- Identify the change in pressure, average
melt  temperature, average volumetric
temperature of the granules, effective viscosity
of the melt, and volumetric fraction of
granules along the channel length;

- Analyze how the melt temperature in
the channel changes, considering the melting
of the granules and the disc rotation rate.

The main part of the study. Let a
stationary flow of polymer melt occur through
a narrow conical annular clearance of width

h, and length L,, due to a pressure drop
AP,, in the Y direction with a constant

specified volumetric flow rate (Fig. 2). The
generatrix of the cone is at an angle & to the
axial line of symmetry O-Os. The flow of the
fluid is considered in the orthogonal
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coordinate system ( y, &, 8), which is related beginning of the channel, the radius Ry is
to the cylindrical coordinates by the following the length of the segment AB, and the length
relations: the axial coordinates of both systems of the segment AC is the radius Ry,. The

are related by the relationship y = z/cos«,
and the radial coordinates x and I are related
by the relationship &« =r/cos « [8]. As can be

seen in Fig. 2, at a certain distance } from the Ryo(x)=Rp(x)+h,. (1)

radii Ry; and Ryo along the channel length
are related by the following relationship:
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Fig. 1. Schematic image of the homogenization zones of the disk extruder

Fig. 2. Schematic representation of the conical annular clearance.
Connection between cylindrical and orthogonal coordinates

36ipHuk HaykoBux npans YrpAY3T, 2023, Bun. 205
39



30ipHUK HAYKOBHUX NPalb YKPAIHCBKOIO0 JePKABHOI0 YHIBEPCHTETY 3aJi3HUYHOT0 TPAHCIIOPTY

Along the coordinate ¥ radii Ry and R 2 in the orthogonal coordinate system depend on

R, in cylindrical coordinates as follows:

Ry; =Ry/cosa and Ryp =Ry /cosa + h,.. ()

The dependencies of these radii on the coordinate } are defined by the equations:

R1(x)=Ryo -z 19a; (3a)

R,2(x)=Ryo—z-tga+h. (36)

The radial coordinate y has been introduced [5, 8]. It determines the distance of a specified
point inside the clearance from the surface of the moving cone and is related to the radial cylindrical

coordinate r by the relation:

y=(r—Ry)/cosar. @)

The cross-sectional area Sy, ( ;() at distance y is defined as:

Sh(x)=2,-(Ryo - Mga+h,/2)-cosa. (5)

The difference from modeling the flow of the non-isothermal process in the first zone lies in
the fact that the cross-sectional area Sy, = f(;() and the average velocity \7;( = f(;() vary along

the length of the conical channel. Therefore, the width-averaged longitudinal velocity is defined as:

Gy

Sy (6)

v, = - .
“ Sn(x) 24 -(Ryo - Mga+hy/2)-cosa

In this problem « =45° so subsequent
equations take into account that tg o =1.
The polymer melt, representing a non-

Newtonian pseudo-plastic fluid, contains a
certain number of monodisperse unfused

polymer granules with an initial radius RgrO

(Fig.1). These granules are uniformly
distributed throughout the melt volume. The
number of granules per unit volume of the

mixture remains constant Ng, = CONSt.

Hence, the initial volumetric fraction of the
polymer granules is defined as

Vgro :4/37zR3r0 ‘Ngr and is measured in

m?*/m3. The temperature at which the polymer
fully transits from solid to liquid state is

known and equals T,,. The melt temperature

at the channel inlet equals Tjg. The initial
average volumetric temperature of all granules
is uniform and equals Tgrg <Tpy <Tjg. Itis

assumed that at temperatures T S-Fgro’ the

polymer is in solid state, while at temperatures
T 2Ty, its in liquid state. Within the

temperature range -rgro + T the polymer

melts, transiting from solid to liquid state.
Specified are the density value py, thermal
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conductivity A, and specific heat of the melt

c|, Wwhich are considered constant at

temperatures T >T,. Also defined are the
density g and thermal conductivity of the
solid phase Ag, which remain constant within
the temperature range Tgr =T.,. In the

polymer melting temperature range
Tgr + Ty, the heat capacity initially increases

from cg (Tgro ) value, and then, after reaching

its maximum, decreases to c¢j. For an

approximate determination of the enthalpy
change during polymer melting, an average

value cg is used. This value was identified

based on studies of data from tables and
literature concerning thermal and rheological
characteristics of LDPE. It is assumed that,
within the studied temperature range, the
density of the solid phase of the granules is

Ps, to an accuracy of 5%, equal to the

density of the polymer melt o . When the

inner cone rotates in viscous fluid, frictional
forces arise between adjacent cylindrical melt
layers. This friction results in the conversion
of mechanical energy into heat, causing the
melt to heat up due to viscous energy
dissipation. Without loss of generality, we'll
assume that the temperature of the channel
wall's surface at each clearance section ¥

equals the current melt temperature T;(y),

meaning the process occurs in an adiabatic
mode. During the melting process of granules,

their volumetric fraction Vgr decreases, and

correspondingly, the volumetric fraction of the
melt (1_Vgr) increases.

It is necessary to determine the pressure
change p, = f(y), the average melt

temperature T = f(y), the effective melt
viscosity s.¢ = f(y), the average volumetric

granule temperature 'Fgr = f(y), and the
volumetric fraction of granules Vg, = f(y)

along the channel length. The problem is
solved in orthogonal coordinates ( y,y,8) [8].

Modeling heat exchange processes in the
channel of Il zone. Let's assume that the
polymer melt, along with a certain amount of
unfused granules, enters the conical annular
channel of the second zone from the exit of the
straight annular channel of the first
homogenization zone. We will apply the same
assumptions as for the first zone. All granules
are monodisperse and have a spherical shape,
which they retain until their final melting. The

volume of one granule is Vgn :4/3-7zR8r,
where Rgr = f(z‘) is the current granule

radius, which changes along the channel
(Fig. 1). The number of granules per unit

volume of melt ng, remains constant

throughout the melting process.

Then, the heat energy inflow with the
liqguid mixture through the conical annular
surface with coordinate y i.e. the enthalpy

value at the channel entrance is:

H,=n CIV;((TI — Tyt )Z (1_Vgr)z(sh)l + PsCsV;((Tgr —Tst )anrvgrlz(sh)l- (7)

The heat energy (enthalpy) outflow with the liquid mixture through the flat annular surface

with coordinate y + Ay :

H;(+A;( =Pl CI\_/;5+A;((T —Tgt )Z+AZ (1_Vgr)

(Sn) . +(Sn) .+

Z+Ay 7+Ay 7+Ay

X+
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Subtracting the first equation (7) from the second (8), we get:

AH = pi -v}((z)sh(z)-{

AT = A(T Vg J+ 258 AT, v )}

9)
PIC

It is considered that in any channel section, the product \7% (S)Z =Gy =const remains

constant. Since there are no external heat sources, the enthalpy remains unchanged, so:

AH = py ¢ -¥(x): Sh(;(){AT AT Vg )+ 2558 AT, -vgr)} 0.

(10)
PI1C)

We rewrite equation (10), expanding the terms in the round brackets.

_ C
AH = p, ¢, VZ(Z)Sh(Z)[AT —Ngr AT 'Vgrl —Ng T 'Avgrl +ps 2

The volume change of the granule
AVgrq =0 occurs because a portion of the

granule volume melts and transitions from a
solid state to a liquid one i.e. a phase transition
takes place. This requires a quantity of heat
(enthalpy) equal to
Qmelt =NgrAVgr1 -Cs(Tm —Tgr). This is
the latent heat of polymer melting, defined as
the increase in temperature of the polymer's
solid phase. The heat of melting, i.e., the
increase in enthalpy of the solid phase, is spent
from the enthalpy of the melt itself. Moreover,
at each step, a portion of the melt's enthalpy is
spent on heating the melted portion of the

In view of viscous dissipation in the heat
balance equation, it's necessary to account for
the fact that the liquid melt occupies only a
portion of the volume, equal to (l—Vgr).

Thus, the dissipation power, which indicates

AH gis = et (T)- (?5;( + 7;[/39 ) (1_Vgr)' ShAy,

= PsCs =
AT -V +—=—=T -AV__|=0.(11

polymer from the temperature T, to the
current melt temperature T(y). This part of
the  melt's enthalpy change equals

QHaep:ngrAvgrl'CS(T(X)_Tm)' As a
result, the enthalpy change (Qpmelt + QHazp)

is compensated by the change in melt's
enthalpy so that the overall enthalpy of the
«melt-granule» system remains unchanged
(AH =0), provided there are no external heat
sources.

Considering the latent heat of melting,
the right side of the heat balance equation (11)
IS written as:

V(Z)S(Z) {,0|C| (1_Vgr )AT _[,0|C| (TI _Tm)+psc_:s (Tm _-Fgr ):I'Avgr +05Cs 'A-Fgr 'Vgrl}: 0. (12)

the amount of heat transferred to the layer dy
with volume Spdy in a unit of time, is
described by the equation:

(13)
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or its equivalent equation:

1+n
-2 ~2
AH g4is =Kt '[(7/1//)( +7/z//t9 )]7 '(1—Vgr)‘ ShAy . (14)
Where g (T) is the effective viscosity As in previous works [5, 8], the shear
of the melt, described for pseudoplastic fluids | rate of longitudinal flow 7, is negligibly
by the Oswald-de Waele power-law; smaller than the shear rate of tangential flow

/i wr = dv}( / dy is the average shear rate of 7(/,9 and can be disregarded, which is applied
the longitudinal flow across the clearance

o _ . in subsequent calculations. The average shear
width; 7, =dV, /dy is the average shear rate of the tangential flow in the conical

rate of the tangential flow across the clearance annular channel 77 o is determined from the
width; Kg = f(T) is the consistency 4

coefficient; n = f (T ) is the flow index. equation:
- 20 1
Ywo (7() == 2 2 (15)
Ra+he/2))* ((Rua+he/2)? |
RZl_hK/Z R)(1+3hk./2
Equation (15), considering equation (3a), The amount of enthalpy entering the
describes the change in the average shear rate layer Ay due to viscous dissipation can be
along the channel length. represented through effective viscosity by the
equation:
AH gis = et (T)- 72, L=V ) ShA 16
dis = Hef Y w6 gr) °hAX (16)

or apply the consistency coefficient in the form of an equivalent equation:

-1+n
AH gis = Kt '7/5;9 '(1_Vgr)' ShAx. (17)
Thus, the enthalpy difference of the section. Taking into account equations (12)
mixture AHA;( at any section of the channel and (17), we will write the heat balance

is only due to the heat of viscous dissipation equation in layer Ay in the presence of

and equals the dissipation power qgjs on that thermal dissipation:

V(Z)'S(Z)'{PICI '(1_Vgr)‘AT _LOICI -(T) =Tm)+ psCs '(Tm _-rgr)J'AVgr +

j— .1
+psCs - ATgr 'Vgrl}: Ky -7 Tgn '(1_Vgr)' ShAz - (18)
W
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Dividing both parts of equation (12) by S(;()A;( and transitioning to the limit Ay — 0:

_ dT _ _ dVgr1
V(Z){PI Cl (1_ nnggrl)d_ - [PI ¢ (T) —Tm)+ psCs (Tm _Tgr)]ngr _dgr +
X X
dT,
+ psCs d—j;r ngrvgrl} = Kr i -V, ). (19)

It follows that the temperature change of the melt along the length of the channel of the
second zone can be represented in the form of the equation:

ar 1 ){KT%%” .(1—Vgr)+{(-|_| —Tm)+p5_c5(-|- _T )} dVgr _Ps(_?s d-ngr |

dy @-vy,)| a6 -v(x)

The rate of volume change of granules
dVgr /dy during their melting is a negative

value, so the second term in curly brackets is
also negative. Equation (19) contains three
unknown variables that depend on the
coordinate } . These are the melt temperature

T, the granule volume Vgr’ and the average
volume temperature of the granule -Fgr- To

determine the latter two parameters, two
additional equations are required that describe
the relationships Vg, = f(y) and Ty, = f(z).

drR

m ar

Vgr} - (20)

Calculation of the granule melting rate.
A polymer mixture at temperature T;(y)

passes through a channel and, from the melt to
granules with surface temperature Ty, heat is

transferred. Due to this heat, the surface layer
of the granules melts and they heat up. This
means their average temperature increases

Tgr- The melting rate of a single granule can

dyr pc dy

Then, for a set of monodisperse granules, the
melting rate can be determined from the heat
exchange equation. The heat exchange
equation for granules with the melt can be
represented as follows:

47ZRgrlﬂ“l (TI _Tm ) ngr = 47ZR2 —grlngrpl (_:s (Tm _-Fgr )'\7;( + 47ZRgrlﬁ“s (Tm -T ) ngr . (21)

orl d){

The left side of this equation is the
amount of heat transferred from the melt to the
granules through heat conduction. The first
term on the right side of (21) represents the
amount of introduced heat used to melt the
granule's surface layer. The second term on the

ar

right side represents the amount of introduced
heat used for heating the granules. The heat
exchange equation is expressed in terms of the
total volume of the granule aggregate, rather
than the radius of the granule, using the
following relationships:
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47Rgr1 = =78 — and 4”Rgr17ngr:7' (22)
4mgr Ngr dy dy

Thus, the heat exchange equation is reduced to:

dv VR
p1-Cs(Tm —Tyr 7, d—}‘;r _ 7,8-(%} ngrl M =To)= 4T -Toe | @

Solving this equation in terms of dVgr/d;(, we get a differential equation for the granule
melting rate in the melt flow per unit length of the channel.

dVgr :_7,8-(\/gr/ngr)0'33 Ngr

= [/1I (TI —fm)_/ls (Tm -T )] (24)
- gr
dy Pl ‘Cs(Tm _Tgr)'V;(
The obtained differential equation transferred from the melt to the granules over a
describes the dependency Vgr = f(;() section of the channel dy, a portion of the
Calculation of the change in the average heat is used to increase their average volume
volume temperature of the granule. As seen temperature Tgri
from equation (20), out of all the heat
_ (4 _3 d'rgr

By simplifying both parts of equation (25), we get:

ATy _ 3%s (T —Tgr)

5 (26)
dr  picg v, - Rrt
Substituting relationship (22) into (26), we bring the equation to the form:
= 066 (27)
dZ 0,384‘(\/gr/ngr) ' 'pl ‘ES ‘VZ ¢
As a result, a differential equation for the The system of equations for the heating
relationship fgr = f(;() is obtained. and melting processes in Il zone includes

differential equations and algebraic equations.
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1. The melt temperature equation, expressed through the consistency coefficient:

ar 1 Kr -7y f (1_V9r)+[CI(T—Tm)+CS(Tm —Tgr)]dvgr—cv dT—gr}. (28)

sVgr

a_ (1_Vgr)'cl PV, dZ dZ

Boundary condition: T;(0)=Ty.
2. Equation for the change in granule volume in the mixture:

dVyy :_7,8-(\/gr/ngr)0’33ngr
dy Pl ‘Cs(Tm _-rgr)'vg

'[}“I (TI _-rm)_ls (Tm _fgr)]- (29)

Boundary condition: Vg, (0) =Vgro-
3. Equation for the average temperature of the granule:

= 56 : (30)
Boundary condition: T, (0):Tgr0.
4. Equation for the pressure gradient in the channel:

dp _ A | (31)

dy (ZRZO +h, —2;()”

n n
where A2:_KT'(GV) ( 2n+1 ]

(h,/2)*™ 27 n-cosa

Equation (31) is solved with the boundary condition: p(O) = Pg-

In addition to differential equations, the model also includes algebraic equations describing:
1. The change in the cross-sectional area along the length of the channel:

Sh(x)=22h, -(Rxo — Mg e +h, /2)-cosa. (32)
2. The change in average longitudinal velocity along the length of the channel:
vV, =Gy/Sh(x). (33)

3. The change in the average clearance width shear velocity of tangential movement along the
channel length 7 :
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20 (34)

{(R;(O —x+he/2
Ryo—x—hg/2

)JZ[(RZo—z+hK/2)T |

Ryo—x +3h /2

4. The dependence of the consistency coefficient K7 on temperature:

Kz (T)=Kg -exp[- 8- (T} =Tg )], (35)

where K¢ = Kt (Tt ); B is viscosity temperature coefficient.
5. The dependence of the exponent on temperature:

n=ng +on(T) —Tgt), (36)

where Ngt = n(Tst ) o, are temperature coefficients.
6. Dependence of effective viscosity on temperature:

pef (T)=Kr (T)- (74//49 )n_l- 37)

The obtained differential equations for
the conical annular channel are analogous in
form to the corresponding equations of the
straight cylindrical annular channel. The
difference lies in that instead of the
longitudinal coordinate Z, the longitudinal
coordinate y is considered in the second

channel. The introduction of orthogonal
coordinates  significantly  simplifies the
calculation procedure for processes in this
homogenization zone. Moreover, the equation
system for the conical annular channel is
supplemented by three algebraic equations
(equations (33), (34) and (35)) that account for
changes in the channel cross-sectional area and
disc radius, as well as the associated change in
shear velocities of longitudinal and tangential
movement.

Analysis of Research Results. A flow
model of the melt with unfused granules in the
conical annular channel has been created and a
computational experiment was conducted. The
length of the straight annular clearance

Lo, =40 mm, width hK =25mm. The
experiment was performed at two rotational
speeds of the screw @y — 120 rpm and

150 rpm. High-pressure polyethylene of grade

15803-020 was chosen as the model object.
The melt with granules moves through

the conical annular channel at a constant

volumetric flow rate of Gy =9,0610° m%/s
with an average speed \7}(( ;() that increases in

length due to a reduction in the cross-sectional
area. Changes in the cross-sectional area
Sk = f(x) and the cone radius along the

channel length significantly influence the
changes in temperature, pressure, Viscosity,
tangential, and longitudinal speed and the
corresponding shear rates. As shown above,
since the shear rate of longitudinal flow can be
neglected when calculating the intensity of
dissipation, the degree of dissipative heating of

the melt depends solely on the shear rate 7}'#9

and thus decreases in length.

According to equations (28) and (29),
the rate of temperature change of the melt and
the melting rate of the granules along the
channel length should depend on the rotation
frequency of the inner cone. As can be seen in
(Fig. 3, a, b), the higher the rotation frequency
of the inner cone, the more the melt
temperature increases.
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Fig. 3. Distribution of the melt temperature T and the specific volume of granules Vgr along the

length of the II zone at different rotation frequencies:a — wg =150 rpm; b — wg =120 rpm

The figures show that as the temperature
increases more intensively, the melting process
of the granules becomes more intense and their
total volume decreases faster. Also, in
(Fig. 3,a, b), it can be observed that the
granules completely melt inside the conical
annular channel and the subsequent heat of
dissipation is exclusively used for heating the
melt.

According to the increase in melt
temperature along the length of the channel,
the effective viscosity of the melt decreases, as
illustrated by the data presented in (Fig. 4, a, b).
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As can be seen from the figures, the change in
the screw's rotation number significantly
affects the change in the melt's viscosity.
Fig. 4, a, b also show that due to the decrease
in the cone's radius with the channel length,
the average tangential shear speed 73!//9(1)’

determined by equation (34), decreases almost
linearly along the length. Unlike in the straight
annular channel, in the conical annular
channel, the tangential shear speed in each
channel cross-section V4 increases

proportionally to the rotation frequency @y .
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Fig. 4. Distribution of the effective melt viscosity and the shear rate of the tangential flow along the
length of the II zone at different rotation frequencies: a — @wg =150 rpm; b — g =120 rpm
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As shown in (Fig. 5, a, b), the pressure
drop in the channel Ap(Lz) is approximately
up to 8 atm and, as can be seen from equation

consistency coefficient Kt = f(y), and the
degree index n = f(;() which depend on the
melt temperature. The latter, in turn, depends

(31), depends on the channel's width, the on the rotation frequency of the disk.
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Puc. 5. Distribution of the pressure along the length of the channel of II zone
at different rotation frequencies:

a— wg =150 rpm; b — @y =120 rpm

shown that with an increase in the rotation of
the inner cone, the melt temperature rises, and
the volume of granules in the mixture
decreases faster. The process calculations were
carried out in a conical orthogonal coordinate

Conclusions.  Modeling of  heat
exchange processes in a conical channel was
conducted. The heating and melting processes
of granules at disk rotation frequencies of 120
and 150 rpm have been described and

calculated. Calculations indicate that the system.
granules are melted in the second channel. It is
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