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FEATURES OF CONFUSER NON-ISOTHERMAL PRESSURE DROP-FLOWRATE
CHARACTERISTIC.

L.M. Utiev, Kharkov, Ukrairie

B paboTe MORENHPYETCS HEH30TEPMUISCKOS TEHEHUE BHICOKOBA3KUX PACILIABOB NONM-
MepoB B KOHuHeckux ¢wisepax npu 6ompunx unucnax Hema-T'puddura. Hcenenosana xa-
TIOPHO- PACXONHAA XAPaKTEPUCTHKA KoH(Py3opos. O6HapyxenHO, 410 B kOHY30paX ¢ Mambi-
MH YTJIaMH PacKpbITHsL HaTIOPHO-PACKOJHAA XaPAKTEPHCTHKE HEMOHOTOHHA.

Many processes of production and processing of polymers are connected with their flow
through circular confuser. But melts of some thermoplastic polymers within the alteration of
processing parameters are alike high-viscosity Newtonian liquids with Arrenius dependence of
viscosity on temperature (T) = p, exx{E/R(]/T—l/];,)] , where By =10°Pa-s,
Ex (105 z7x105)]/m013, To = 463° K [1], their flow takes place in gondition of the big gradi-
ents of the temperature and viscosity in consequence of sharp viscosity - temperature depend-
ence. Therefore it is necessary with investigation of such fluid flows to take into account both
dissipation and heat exchange at boundary.

‘For ﬂowrate presenting practlcal interest Q=10°..10" m’s”, physical property,

p~1200 kg m?, a~10"m? ' and Ro~(1..6)10% m, number Re<<10?, Pe ~ 10°, and then

length, on which mechanical relaxations take place is smaller on many order than interval of

thermal relaxation.

Figure 1. Diagram of confuser channel. Ro, R;-
forming of confuser and its truncated part; 20, - an-
gle of confuser opening.

It was shown in [2] that with slow flow in
confuser with an angle opening 26,< 120° (Fig. 1)
we can neglect angle component of the velocity Vs in
motion equation written in spherical co-ordinates in
comparison with V. Taking all these into account
we can simplify the set of hydrodynamic and heat

transfer equations for steady axial symmetrical flow in the confuser {3].
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V. . .
Gep = 20— and dissipation function is P=cyen, where ex=0u/2p- rate of strain tensor.

where the components of stress tensor are ¢, =2u

R
~ The boundary conditions are:
P 20,20, v, =0, 6-0, ®)
o0 0
AT
Ve =0,——=-K(T-T,), 8=28,, 6
R m ( ‘) 0. ( )
T="T,, . 0S9<eo, (7)
P@)y=P,, R=Ry, 6= 064, : ®

and condition of constant of flow rate will be writtenQ = 2nR* I V, sin0do .
0

. To solve this conjugated problem (Gn>1) the region of flow is separated into N concen-
tric conical layers in confuser and it is assumed that viscosity over cross-section of each {ayer is -

constant and equal to one taking for average temperature over cross- section of this layer.
Owing to this method the set of equations of motion and heat transfer is reduced to the set 2N
ordinary differential equations for the mean temperatures and pressures in layers of confiser
and analytical expressions for components of velocity, dissipation function and heat transfer
coefficients between layers:
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The derivatives are calculated with the help of expression e

The distributions of velocity, temperature and pressure are obtained with integration of

equations (9,10) as function of problem parameters. Some distributions are represented on
Figure 2 for parameters Pe=2.02-10°, Gn= 1.654, Bi = 169.8, § = 1.44-10% ATy0q = 6.65, Ro
= 5.33.107m, A = 0.0857, 26, = 38° and temperatures of ambient medium 1) ©, =0; 2) @, =
1.5;3) 0,=-15.
) The liquid flow along confuser is accompanied with increase of mean velocity over
cross-section of the channel. It leads to the increase of shear rate, especially in periphery re-
gion, and, as a consequence, the energy dissipation is increased at the channel wall (Fig. 2f).,
owing to this the temperature is increased there and the viscosity is decreased (Fig.2). Profile
of the velocity is become more and more filled, i.e. the shear rate on the periphery is increased
more, and thmoarriaouttoloéaﬁzationofheatgenﬁaﬁon(ﬁg 2.).

The effects connected with the dissipation of mechanical energy become dominated on
some distance from entrance. It carries out to appearance of small viscosity high-temperature
shear layer and to the pressure gradient which is considerably less than pressure gradient for
isothermal flow. '

The pressure characteristic of dies must be known for use in many technical applications,
for instance, to choose work point of extrusion process.
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Figure 2.
The distributions
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Figure 3. Dependencies of dimension,
average on cross- section of confuser pressure
drop on radial co-ordinate for confuser with
the angles of opening: a) 26,=30°; b) 28 »16"
and for vo]umetnc ﬂow rate: 1- Q=6><10 me

L 2- Q=5x10° m’ ¢ 3- Q=5x10" m* ¢\, Solid
line- non—xsothermal ﬂow dashed- isothermal.

Pressure- volumetric flowrate character-
istic for nou-isothermal confuser flow is ob-
tained with different heat exchange boundary
conditions, but basis behavior can be seen in
flow with adiabatic wall of the channel.

On small flow rate the pressure distribu-
tion along the channel is distinguished a little
from isothermal distribution (Fig. 3) therefore
pressure characteristic is linear here (Fig. 4).
With increase of flowrate the small viscosity
fayer appears at the exit from confuser in con-
sequence of mechanical energy dissipation The
pressure gradient on the exit is considerably
decreased in comparison with the isothermal

{Fig. 3) that leads to nonlinear pressure drop - flowrate dependence (Fig. 4).
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The small viscosity shear layer will be extended on more and more part of confuser with
further increase of flow rate and the dependence AP(Q) will be distinguished more and more
from linear (Fig. 3).

For confusers with small angle of opening high-temperature shear layer will have been
extended almost on all confuser beginning in some flow rate. It means that high - temperature
flow with small pressure gradient has appeared in the channe} of confuser. The pressure drop
for this flow is decreased beginning with the some flow rate and pressure characteristic with
the flow of melts of thermoplastic polymers is non-monotonous (Fig. 4), i.e. it is like the char-
acteristic of non-isothermal flow in the cylindrical channels [4].

It is necessary to note that all presented dependencies are only for steady-state flow.

The criteria of non- isothermal high-viscosity flow in confuser is defined, too.

AP-10° ‘ Figure 4. Dependencies

(Pa) 5= ; of dimension, average on
W 3 cross- section of confuser

prm ac.l;glp in confuser
——— wil es of opening:
I e S 1) 26,=30° 2) 26,=16°% 2)
26,~16°. Solid line- non-
isothermal flow, dashed-
isothermal.
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i - g NOMENCLATURE

: ' ] a- thermal diﬁi.usiviﬁ1 [m:s"

= p s ], ¢- specific heat {J kg™ K7},
0 05 ! 18 Q10°(ms) g’ energy of activation of vis-
cose flow [F mol'], K- overall heat exchange coefficient [J m” s'K'}, P, P;- pressure, current and
inlet [N m}, P(t)- Lezhandr's function of first kind and two order, Q- volumetric flow rate [m® s™],
Ro,R;,R- radial spherical co-ordinate, forming of confuser and its truncated past, {m}; R’- universal gas con-
stant {J mol’ K]; T, To- temperature of melt, current and inlet [K], V- velocity [m s 1, x- longitudinal

co-ordinate [m], Bi- Biot number, Gn = %(Z?[‘ll Nahme-Griffith number, Nu- dimensionless heat

exchange coefficient between of layers, Pe- Peclet number, Re:G,,pV,,R/ - Reynolds number,
K,

St Stanton number for i® of layer, A~ thermal conductivity of melt I m™ sK™"), p- dynamic viscos-
ity of melt kg m™ 5], 20, - angle of confuser opening. p- density [kg m™}.
Subscript: a- relatmg to ambient, i- number of layer, R, 6- radial and angular components of
vector.
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