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ABSTRACT

The study consists of two parts.In the first part a
computer model of the frontal polymerization process
in cylindrical force out reactor is presented.Free
convectional phenomena is taken into account.

In the second part analytical investigation is
carried out for the case of one-dimensional
model. The unigeness conditions for the boundary value
problem solution have been analysed and the solution
is calculated within given accuracy with a help of
specially constracted analytical iterative procedure.

INTRQDUCTICN

In our study we present complicated model for
detailed analysis of heat transfer and chemical
kinetics taking forced and free convection of
reacting mixture into account. For the case even of
one-dimensional model we have not seen analytical
results in scientific literature,only mean values are
analysed.So we have symplified the initial model
neglecting dissipation and some other effects but we
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reserved radius dependense of temperature,monomer and
initiator concentrations and constracted a special
analytical procedure for investigating conditions of
uniqueness for the relating boundary value problem
solution and a special iterative algorithm for
constructing numerical solution. Temperature,monomer
and initiator concentrations as functions of reactor
radius have been calculated with the arbitrary given
accuracy without wusing finite-differense or other
discreat metheds.

Two-dimensional Flow Model

Mathematical model of polymerization process in
cylindrical force out reactor with an inner feeder is
concidered. The reacting mass places between two
coaxial vertical cylinders. Axial symmetry is
assumed. Initial mixture of monomer and initiater runs
throughh  the inner  c¢ylyndrical surface of a
feeder,products of the polymearization process leave
the woarking zone through external penetratible
cylindrical surface of the reactor.Flow rates of the
feeding and taking out of the products are assumed
to be constant along the altitude. Polymerizing mass
is considered to be viscous incompressible fluid with
heat and physical characteristics depending on
temperature and on the depth of chemical conversion.
Free radical mechanism according the following
kinetic scheme of origining polymer chains is
assumed:

Initiation: 1 B oRs . k= 4 exp C-E, RTO,
k
Chain grow: Ry+ M B Ry ko = A, exp (-E /RTD;
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Precipice by dispreopertion and recombining:
Fia Fy
1 J 1 ] 1 ) l+y

ky = Rk f k4= Aexp C-E /RT2
Transmission of the chain t¢ monomer:

R+ M Eﬁa P+ Rt , k. = 4.exp C—EmNRT) :
Mathematical model includes the follawing

differential equations written in  <ylindrical
coordinates:
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We denoted:k = Ckp +kmJR ; V1 = E'I-f'ki: R=Y Ri

i

i

Heat energy equation (1) is written taking exothermal
polymerization effect and viscous dissipation into
account.The vorticity equation (2) accounts free
thermogravital convection.The equations (4)-(5)
determin concentration fields for monomer,initiator
and growing macro-radicals.The depth of chemical
conversion is determined by monomer concentration
relatively its initial value
=1 -M/ M ;

Equations (1)-(6) are completed by natural boundary
conditions.The solution of the non-stationary
boundary value problem is found numerically with a
help of finite-difference method  upto the
steady-state conditions are satisfied.

Figure 1 presents calculated state of reacting mixture
for radial forced flow of reagents.The reaction has
a clear frontal character.The zone of intensive
chemical reactions,where gradients of all quantities
are localized,arrives in a form of a relatively thin
cylindrical layer. Conditions of ©polymerization
process change essentially if we take thermo-gravital
convection into account.Closed circulation contour
appears. Maximum of the flow intensity localizes at
the feeders surface.
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Figure 1: Radius dependence of the main process
quantities for forced flow.
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Figure 2: Trajectories (a), temperatute isolines (b),
isolines of monomer conversion (c) and intensity

of heat exchange (d) for the case of free motion.
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The suggested method allows to analyse differential
evaluation of inhomogeneous characteristics of
polymer products at the exit of the reactor.

Analitical Iterative Procedure for the Steady-State
Solution

For the steady-state one-dimensional case the
simplified system of equations (1)-(B) can be
written as

{d 1 td __dr
FECI‘HT) = &"[ Far(kraf)"’ (7

Qo 1 /20 s Efku' 1/2 ~ZEp-Eu+Eob
+5C— Ml kp (—mr) E‘Xp('——m— 2,

1d _ 1/2 2fku’ g7z -CEp-Eu+Eob

r ar CruMd = - M Rp (WJ eXpC"""ERr——) , (82
{d o ~Eu

F aF Cruld = -ku’l expC —gr— §°)]

with the boundary conditions
I(R:1I=1 , M(R1J)=Mo , T(R11=To (10

ar .
Xaz—. =W - oT-Tep2, r =Rz (11D

R: 1is a radius of an inner cylinder (the feeder)
and Rz is a radius of external cylinder of the
reactor.

After integration the system (7)-(9) can be written
in the form of the following equations
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T=—3[(r/R1) - 1] + (12>
ysa 3 Jsar -Jra-1
+ Tolr/R2 + ar { Mr dr,
R1
ku ’l‘ EU
I€r> = lo expl- vj J r exp(- gT Jdrl (a3
R1
E r 1/2 E
MCro = Mo expl- 7 I rl  expC- RT Jdrl (14
R
We denote '
_ -ZEp-E1 +Et ;/ _ W
g FE OnRal’

by
“pC
A ZfRu’ 12 , A S, _ Qo A
k: Cm‘r J kp ) J = m B - Ec— J
The constant ¢ can be found from the boundary
condition (11) in the form ¢ = -aRiT'CRiD + Mo + JTo

with the unknown T’(R:) defined by
Jra-1 aRia .;Y/a

Js
T’CR 2 A(Ra/Ri) + T[CRs/Rz - 11} = (1%
af3Mo y/a 2B jra
= T [CR3/Rs 2 - 1]+ —aR;[Mo(R:-x/Ri) -MCRz)] -
- 3/5. ~
AJ BR= Rz -Jrsa-1 “
- CGR; + o2 . I MCror dr + W + olTep-To).

R1

Uniqueness Conditions for the Scolution of the System
(7)-C11).1t follows from equalities (13} and (14D
that if the solution T(r) is unique then the
functions I(r) and M(r) are unique as well.So the
uniqueness of the boundary value problem (7)-(11)




@i Transactions on Engineering Sciences vol 5, © 1994 WIT Press, www.witpress.com, ISSN 1743-3533
162 Heat Transfer

solution follows the uniqueness of the solution T(r)
for the equation (16) where T (R:) is written in
the form (15). It is proved that if the  inequality
(16) for the flow rate J

Molo'”2 RE Qo CRa®- Ri3)
J > 2npls — T " T (16)
To? R pc 2

takes place then the continucus solution of the
equation (12) with equality (15) is unique.The method
of the provement is usual: two solutions T:(r) and
Ta(r) are proposed on the «contrary and the
differential mean value theorem is used for the
differense M(r,T:(r)) - M(r,T2(r)) where M(r,T(rl)
is defined by equality (14).

Iterative Procedure for the Solution of the Boundary
Value Problem Let the conditions of uniqueness of the
problem solution are fulfilled and zero approximation
T (r) for the temperature T(r) is chosen
arbitrary.Then the first approximation I‘*’(r) for
the function I(rl)can be presented in the form

(13 ku
ICrd &1 (r) = loexpl I rexplln ,—————— ] (n
R1 aJ (ro
Substituting the function I‘*’(r) into equation (14)
we obtain the first approximation for the monomer
concentration in the following form

MCro x MCrd = R E
Moexpl-§ rCI''?) expCln T ddr us)

R o)
Then the glgebraical equation for the first
approximation of the unknown constant T (R ) can
be found from the equation (1s with
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M1 (r) substituded instead of M(r).
Substituting the function M *’(r) into equation (12)

we obtain the first approximation for the
temperature in the following form
(1) CiaRs QoMo Jra

1¢r / RJ -11+

TCr)=To+5z e

B Jsar “3sa oo
+ a(r/Rs) I Cr/RsD M Crortdr
R1

The zero approximation for the temperature can be
chosen for example in the following form

T ¢r) = To + CTep - ToXC(r - RiD/CRa- Ry)

If the first approximation for the temperature is
calculated then the above described algorithm can be
repeated in a usual way untill the inequality

{n+1) {n)
max | T (ro-T ()| <e
Rgt‘(R3
is satisfied for the given small «.

Numerical calculations have been carried out for
different arbitrary chosen T‘°’(r). The constructed
algorithm has shown to be extremely stable and quick.
The results coinside (within the accuracy of finite-
difference method) with those calculated in the
first part of our study if the symplified model is
used there.



