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In the l i t e r a t u r e  of the l as t  few y e a r s  invest igat ions  a re  f requent ly  encountered devoted to the p r o c e s s  of 
po lymer i za t i on  in a f low-through reac tor~  However ,  the amount of work  in which account is t aken  of the depen-  
dence of the viscosity- of the reac t ion  m i x t u r e  on the degree  of po lymer i za t ion  of the substance  is e x t r e m e l y  
smal l ,  although this  dependence has a cons iderab le  ef fec t  on the p ro f i l e s  of the t e m p e r a t u r e  and the degree  of 
po lymer iza t ion ,  the p r e s s u r e  drop, and o ther  c h a r a c t e r i s t i c s  of the p r o c e s s .  We note [1], which cons idered  
adiabat ic  conditions of the cour se  of the po lymer i za t ion  and a weak dependence of the v iscos i ty  or~ the degree  
of po lymer i za t ion  was taken,  [2], in which, with a number  of s impIifying assumpt ions ,  an analytic~l  inves t iga-  
t ion was made  of i so the rma l  po lymer iza t ion ,  and [3], in which an exper imenta I  invest igat ion was ~aade of the 
cour se  of the p r o c e s s .  The p r e s e n t  authors  have e a r l i e r  invest igated the p r o c e s s  of polymerizat i ion in a flow- 
through continuous r eac t o r ,  with a v i scos i ty  depending exponential ly on the degree  of po lymer iza t ion  ~ andthe 
t e m p e r a t u r e  T, and postula ted averaging  of these  values o v e r  the c r o s s  sec t ion  of the r e a c t o r  [4, 5]~ Such an 
approach is just if ied as a f i r s t  approx imat ion  with ca lcula t ion of the p r e s s u r e  drop and the dis t r ibut ion of the 
m e a n  t e m p e r a t u r e s  along the length of the r e a c t o r .  However ,  within the f r a m e w o r k  of this  approach  it is i m -  
poss ib le  to es tab l i sh  the t rue  d is t r ibut ion of the t e m p e r a t u r e ,  the degree  of po lymer iza t ion ,  and the veloci t ies  
of the flow of the liquid ove r  the c r o s s  sec t ion  of the r e a c t o r .  All these  c h a r a c t e r i s t i c s  of the p r o c e s s  a r e  
cons iderab ly  affected by the dependence of the v i scos i ty  on the degree  of po lymer iza t ion ,  pa r t i cu l a r ly  when the 
po lymer i za t ion  takes  place  in the m a s s .  With the a im of a study of the effect  of the dis tr ibut ion c f all these  
quanti t ies  on the cour se  of the p r o c e s s ,  the p r e s e n t  a r t i c l e  cons ide rs  the p rob l em of po lymer i za t ion  in a tubular  
r e a c t o r  in a two-dimens iona l  uns t eady- s t a t e  s t a tement ,  taking account of the dependence of the v iscos i ty  on the 
t e m p e r a t u r e  and the degree  of po lymer i za t ion .  
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We cons ider  the flow of a liquid in which initiated polymer iza t ion  is taking place in a finite c i r c u l a r  tube 
of radius r 0 and length L. It is assumed that the v iscos i ty  of the liquid depends experimental ly  on the t empe r -  
ature T and the degree of po lymer iza t ion  71: 

~(~1, T) = ~0 exp (U/RT + A~l), 

where /J  is the viscosi ty  coefficient;  U, /~0, A are  constants .  Since for  liquids the Prandtl  number  Pr>>l ,  the 
t ime of hydrodynamic re laxat ion is far  less  than the t ime of thermal  relaxat ion and, f rom a hydrodynamic 
point of view, the p roce s s  takes place under quas i s teady-s ta te  conditions. The velocity field rapidly adjusts 
i tself  to a change in the t empera tu re  and concentra t ion fields [6]. And since, under low- tempera ture  condi- 
tions, the t empera tu re  and the depth of the po lymer iza t ion  and the associa ted profi le  of the velocit ies vary  
smoothly,  then, in the hydrodynamic equations, the inert ial  t e r m s  can be neglected. We shall assume that the 
change in the axial component of the velocity v x along the radius is considerably  s t ronger  than in the direct ion 
of the axis, and that the axial component of the velocity of the flow is much g r e a t e r  than the radial  Vx>>V r. It 
is postulated that the heat t r ans f e r  through the wall of the r e ac to r  takes place according to the Newton law, 
and that the heat evolution f rom the dissipat ion of energy  and f rom the decomposi t ion of the init iator is neg- 
ligibly smal l .  Taking account of the assumptions made,  the sys tem of equations describing the p rocess  and 
the initial and boundary conditions for  it can  be wri t ten in the form 

dP t o [ Ovx] 
dx -- r Or ~ ( T' M) r --~-r ; (1) 

t o (rVr) o v  
"~ Or" + - ~ -  = O, 

OT a T  OT ~ ( 02T i OT . O2T ) Q::, e--E/RT AImIn 
o--7-+ r--~ + vx or cp~ or"- +'-;-~r-i--Y~ "2 § 

aM y OM aM koe--E/nTMmln ' 
o---i-'+ r Or + v,~ a ~ - -  

OI OI 01 _ _  kioe,~i/n~IS, (2) 

. . . .  T = T1, M ~- M1, I = I  1 with t = O, 

T = T1, M = M1, I = 11 with x = 0 ,  
aT/c)x = 0 with x ~--- L, 

OvJOr = 0, aT/Or = 0 with r = 0, 

v x = 0, Vr = 0, ~,OT/Ox = --O~(T T~) with r = r0, 

where r,  x a re  the instantaneous coordinates  in the radial and axial direct ions;  t is the t ime; M, ]Vii, I, I 1 are  
the instantaneous and initial concentrat ions of the monomer  and the initiator,  respect ively;  T, T l, T 2 are  the 
t empe ra tu r e s  of the instantaneous, initial, and surrounding medium; R is the universal  gas constant;  v r, v x 
are  the radial  and axial components of the velocity; P is the p r e s s u r e ;  a is the hea t - t r ans fe r  coefficient; E, 
Q0, k0 are  the activation energy,  the heat effect, and the preexponent of the polymer iza t ion  reaction; c, p, k 
are  the heat capacity,  the density,  and the coefficient of thermal  conductivity of the substance; E, ki0 are  the 
activation energy and the preexponent  of the decomposi t ion react ion of the initiator;  m, n, s are  the o rde rs  
of the reac t ions .  

Taking into cons idera t ion  that the express ion  for  the m a s s  flow rate Q has the form 

r o  

Q = 2g ~ rvrdr, 
0 

and integrating Eqs. (1), (2) with the appropria te  boundary conditions, we can obtain express ions  for  the axial 
and radial  components of the velocities and for  the p r e s s u r e  drop. Going over  to dimensionless  variables  we 
obtain 

O0 ( aO O0) ' /a20 i aO " a~ + e~176 (t - -  ~l)m/~, 

on ( o~ o~)=,teO/ ,+~o(t__, l )mi~ ' 

oi ( oi o~1 

q d~, ~t (0, ~1) = exp A~I 1 O ' A p =  ~ 
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"~ ~e ecL~oJ~(O,~)TT ~ ,(o,,1)j" v;=, ,~(e,n)/o2,~(e,~ ) 
~ 0 

The initial and boundary conditions: | = | ~/= 0, i = 1 with ~" = 0, | =O ~, ~/= 0, [ = 1 with ~ = 0, 8| = 0 with ~ = 1, 

~e/a~ =o with ~ =o, ae/a~ =-Bi (|174 with ~ =1. 

H e r e  the  fo l lowing  no ta t ion  i s  i n t r o d u c e d :  

r x EQokoMY~I~ ( E ) vr 
~=~ ,  ~=z ,  ~=t  ~ ~ P - ~ E '  ~ ~ - -  

--  % O = ~ T 2 ( T - - T o ) ,  q - -  M ~ - - ; I  r 
v - ~o '  " ; I ~ ' :  ~ I~" 

~t (0, TI) --  bt (T, M) cpBT~ E r o 
(To, M1)' p = P 2~ (To, M1) M~I'~ ~ exp -~-T~0 ' e = --L-' 

ar ~ E. U 
E R T o  Bi -)7"-~ '; o) = ~ o -- , QcpBT~ exp - ~ 0 '  ~ --  E ' = - E '  E q =  3 van Ztr0M i IlkoEQo 

.r~QoEkoM'~I ~ cpBT~ 

kioI~--n:-lcpBT 2 
v - - e x P T ~ ,  O1 (T 1 -  T2) ' 

E 
ko~,? Eqo RT~ 

_ R T 

The m o s t  i m p o r t a n t  p a r a m e t e r s  of the  p r o b l e m  a r e :  q is  the  d i m e n s i o n l e s s  m a s s  f low r a t e ;  | is the  
d i m e n s i o n l e s s  i n i t i a l  p r e s s u r e  d rop ;  5 is  the  F r a n k - K a m e n e t s k i i  p a r a m e t e r ,  c h a r a c t e r i z i n g  the  r a t i o  of the 
t i m e  of the  a r r i v a l  of hea t  f r o m  the  c h e m i c a l  r e a c t i o n  to  the  t i m e  of the  hea t  evo lu t ion .  

The  p r o b l e m  was  s o l v e d  n u m e r i c a l l y  |  c o m p u t e r  wi th  the  fo l lowing  f ixed  v a l u e s  of the  p a r a m e t e r s :  
A = 8 , ~ = 0 . 2 , / 3 = 0 . 0 3 6 ,  w = 1 . 3 8 , 3 , = 0 . 0 3 2 ,  v = 0 . 0 0 1 3 ,  ~=0~ B i = l . 4 ,  m = l , n = 0 . 5 ,  s = l .  The  c h o s e n  s c a l e  
of the  t e m p e r a t u r e  T o was  the  t e m p e r a t u r e  of t he  s u r r o u n d i n g  m e d i u m  T 2 (02 = 0). It was  shown in [3] tha t  the  
s o l u t i o n  depends  only w e a k l y  on the  va lue  of the  p a r a m e t e r s  /3, % v, w, and tha t  the  p r o c e s s  c a n  t ake  p l a c e  
u n d e r  two s e t s  of s h a r p l y  d i f f e r i n g  c o n d i t i o n s :  l o w - t e m p e r a t u r e  and h i g h - t e m p e r a t u r e .  U n d e r  c r i t i c a l  c o n -  
d i t i ons  t h e r e  e x i s t s  a func t iona l  d e p e n d e n c e  b e t w e e n  the  p a r a m e t e r s  of the  p r o b l e m .  Wi th  the  above  va lue s  
of the  p a r a m e t e r s  and two va lues  of Ot =3.5  and - 3 . 5 ,  t h e r e  a r e  r e s p e c t i v e l y  ob ta ined  the fo l lowing  c r i t i c a l  
v a l u e s  of the  p a r a m e t e r  6 : 6 , =  0.11 •  and 0.035 • 0.005. We note tha t ,  u n d e r  l o w - t e m p e r a t u r e  cond i t i ons ,  
the  v a l u e s  of the  p a r a m e t e r s  Bi and d} have  only  a s l i gh t  e f fec t  on the  c o u r s e  of the  p r o c e s s ,  a s  a r e s u l t  of the  
s m a l l  d e g r e e s  of h e a t i n g  of the  s u b s t a n c e .  

Le t  us  e x a m i n e  the  c o u r s e  of the  p o l y m e r i z a t i o n  p r o c e s s  wi th  | 0, i . e . ,  when the  co ld  s u b s t a n c e  f lows 
into a hot  r e a c t o r .  It was  a s s u m e d  tha t  a t  the  i n i t i a l  m o m e n t  of t i m e  ~" =0 the r e a c t o r  i s  f i l l ed  wi th  a co ld  m i x -  
t u r e  of m o n o m e r  and i n i t i a t o r  07 =0,  i = 1, | = |  The  s a m e  m i x t u r e  a t  the s a m e  t e m p e r a t u r e  | is  s u p p l i e d  
c o n t i n u o u s l y  to  the  r e a c t o r ,  and the  r e a c t i o n  p r o d u c t s  a r e  r e m o v e d  f r o m  the  r e a c t o r .  The r a t e  of feed  of f r e s h  
s u b s t a n c e  and of t he  r e m o v a l  of the  r e a c t i o n  p r o d u c t s  is  d e t e r m i n e d  by  the m a s s  f low r a t e  q, which  i s  m a i n -  
t a i ned  c o n s t a n t .  Hea t ing  of t he  l iqu id  o c c u r s  both  due to  h e a t  t r a n s f e r  wi th  the  s u r r o u n d i n g  m e d i u m  t h r o u g h  
the  w a l l s  of the  r e a c t o r  and due to  hea t  e v o l u t i o n  during'  the  c o u r s e  of the  p o l y m e r i z a t i o n  r e a c t i o n .  

At the  i n i t i a l  t e m p e r a t u r e  the  r a t e  of the  r e a c t i o n  is not  g r e a t  but ,  wi th  an i n c r e a s e  in  the  t e m p e r a t u r e ,  
due to  hea t i ng  of the  s u b s t a n c e  the  r a t e  r i s e s .  H o w e v e r ,  due to b u r n - u p  of the  s u b s t a n c e ,  the  i n c r e a s e  in t he  
r e a c t i o n  r a t e  is  s l owed  and,  in  the  f ina l  a n a l y s i s ,  the  s y s t e m  a r r i v e s  a t  s o m e  s t e a d y  s t a t e .  Dur ing  the p e r i o d  
of the  e s t a b l i s h m e n t  of a s t e a d y  s t a t e ,  depend ing  on the  c ond i t i ons  of  the  p r o b l e m ,  the  c u r v e  of the  dependence  
of the  m a x i m a l  t e m p e r a t u r e  on the  t i m e  can  be m o n o t o n i c a l l y  r i s i n g  o r  can  have a m a x i m u m .  The s t e a d y -  
s t a t e  p r o f i l e s  of  the  t e m p e r a t u r e  a r e  g i v e n  be low,  a long  wi th  a d i s c u s s i o n  of t h e m .  

The  f o r m  of the  s t e a d y - s t a t e  t e m p e r a t u r e  f i e ld ,  wi th  o t h e r  p a r a m e t e r s  be ing  g iven ,  de pe nds  on ~he va lue  
of the  m a s s  f low r a t e  q. We note tha t ,  w i th  r e l a t i v e l y  s m a l l  m a s s  f low r a t e s ,  a c h e m i c a l  s o u r c e  of hea t  h e a t s  
the  r e a c t i o n  m i x t u r e  above  the t e m p e r a t u r e  of the  w a l l s  of the  r e a c t o r .  S t a r t i n g  f r o m  s o m e  m a s s  :flow r a t e ,  
the  t e m p e r a t u r e  of t he  s u b s t a n c e  is  a l w a y s  l e s s  than  the  t e m p e r a t u r e  of the  w a l l s ,  s i n c e  the  r e s i d e n c e  t i m e  
of the  s u b s t a n c e  in the  r e a c t o r  b e c o m e s  l e s s  than  the  hea t ing  t i m e ,  and the  s u b s t a n c e ,  not hav ing  an  o p p o r t u n i t y  
to  be h e a t e d  up ,  f lows  out of t he  r e a c t o r  co ld  (| < 0). 
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The format ion of a s teady-s ta te  distr ibution of the t empera tu re  and, in par t icular ,  of the degree of poly-  
merizat ion,  is considerably  affected by the distr ibution of the axial component of the velocity of the flow. As 
a resul t  of the adhesion of the liquid to the walls and to the presence  of a distr ibution of the velocity over  the 
radius,  the prewall  layer  of liquid remains  in the r eac to r  for  a considerably  longer  t ime than the liquid nea r  
the axis of the r eac to r .  Moreover,  the prewall  layers  are  heated more  rapidly. Therefore ,  the substance in 
them reacts  to a g r e a t e r  depth. In the case  of a s t rong dependence of the viscosi ty on the degree of po lymer iza -  
tion this leads to stagnation of the prewall  layers ,  which promotes  a fur ther  increase  in the degree of poly-  
mer iza t ion.  Due to the stagnation of the liquid at the walls there is an increase  in the velocity of the flow of 
the liquid in the preaxial  part  of the reac tor .  As a result ,  there  is a deter iorat ion of the conditions of heat 
removal  to the preaxial  region and the residence t ime of these layers  in the r eac to r  is reduced. 

Figure 1 i l lustrates  with dashed lines the curves  of the distr ibution of the degree of polymerizat ion 
over  the r e a c t o r  in different c ro s s  sections with q = 20; it can be seen that, near  the wall, as a result  of the 
stagnation of the liquid and the more  favorable tempera ture  and time conditions, there is total convers ion of 
the substance (~? .m 1). Due to the sharp r i se  in the viscosi ty with an increase  in the degree of polymerizat ion,  
there is adhesion of the reacted  mass  to the walls of the r e ac to r  and a const r ic t ion of its live c ross  section. 
Since the mass  flow rate of the liquid is constant,  the formation of a very viscous,  a lmost  immovable l ayer  
at the wall of the r e ac to r  leads to an accelera t ion of the flow of the liquid nea r  the axis of the reac tor .  A cha r -  
acter is t ic  jet of low-viscos i ty  liquid with a smal l  degree of polymerizat ion ~ is formed. In Fig. 1 there is a 
sharp delineation of the adhering layer  at the wall with ~? ~ 1 and the low-viscosi ty  jet of liquid, in which the 
degree of po lymer iza t ion  does not exceed a few percent .  The solid lines show the s teady-s ta te  profi les of the 
t empera tu re  of the substance in the r eac to r  with the same flow rate q =20. It can be seen that, with the motion 
of the substance along the reac tor ,  the liquid is at f i r s t  heated almost  like a solid body; the chemical  source  of 
heat then makes  a considerable  contribution. Since the prewall  layers  are heated more  rapidly, the chemical  
sources  of heat coming into play promote  the formation of a maximum of the tempera ture  in these layers .  Sub- 
sequently, with burn-up of the substance, the chemical  sources  in these layers  cease  to act, and the maximum 
of the t empera tu re  is shifted toward the axis of the reac to r .  

Figure 2 i l lustrates  the profi les of the axial velocities of the liquid with different values of the mass  flow 
rate. With small  mass  flow rates  the velocity of the flow of the liquid, even at the axis of the reac to r ,  is so 
small  that the monomer  can reac t  completely.  There  is filling of the whole c ros s  sect ion by the po lymer  mass .  
The flow of the low-viscos i ty  liquid in the r eac to r  takes place in the form of an extended jet in the thickness of 
the po lymer  m a s s .  Figure 2a i l lustrates  this case .  The dashed lines show the boundary between the adhering 
l aye r  and the low-veloci ty liquid. Beyond the l imits of this zone, the viscosi ty  of the liquid is approximately 
constant over  the c ros s  sect ion (a constant  degree of polymerizat ion,  ~ ~ 1), and the profi le  of the axial velocities 
is close to parabol ic .  

With an inc rease  in the mass  flow rate,  the s teady-s ta te  profi les  of O, ~,  and v~ change. The residence 
t ime of the substance in the r eac to r  is reduced, the jet is extended, and, at a given value of the mass  flow rate, 
reaches  the outlet f rom the reac tor .  In this case ,  the motion of the substance in the r eac to r  takes place mainly 
in a nar row jet of low-viscosi ty ,  but a lmost  unreacted,  liquid. A large par t  of the r e ac to r  is filled by the poly-  
m e r  mass ,  which is displaced very slowly. With a fur ther  r i se  in the mass  flow rate (Fig. 2b, c), as a resul t  
of a dec rease  in the res idence t ime of the substance in the reac tor ,  the rate  of polymer iza t ion  of the low- 
viscosi ty substance in the jet falls.  With an increase  in the mass  flow rate,  there  is an increase  of the shear  
s t r e ss  in the jet of low-viscos i ty  liquid, which leads to an increase  in the rate of mot ion of the liquid in the 
t ransi t ional  region f rom the jet  to the adhering layer .  As a result ,  the residence t ime of the liquid in the r e -  
ac tor  in this t ransi t ional  zone is shortened,  which leads to an expansion of the jet with a r i se  in the mass  flow 
rate.  With an expansion of the jet (an increase  in the live c ros s  section of the reactor)  the relat ive velocity 
of the flow in the jet dec reases .  

With very  large  mass  flow rates ,  the liquid leaves the r eac to r  with no opportunity to be heated or  to 
react,  with the exception of a thin l ayer  near  the wall; in this case  the prof i les  of the axial velocities are  close 
to parabol ic .  
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Figure 3 shows the change in the s teady-s ta te  distribution of the tempera ture  at the axis of the r e ac to r  
with a change in the m a s s  flow rate.  The curves  were  calculated with the following values of the mass  flow 
ra te :  1) q = 1; 2) 5; 3) 20; 4) 100; 5) 300. In the case  of very  small  m a s s  flow rates ,  the whole curve lies be-  
low the axis of absc i ssas ,  by virtue of the smal lness  of the amount of heat entering the sys tem f rom the r e -  
action. With a r i se  in the mass  flow rate, the amount of heat entering the sys tem due to the chemical  react ion 
r ises  and, in a ce r ta in  range of change of the mass  flow rate,  there  is heating of the liquid. Here, depending 
on the value of the mass  flow rate,  the curve can have a maximum or  can be monotonically r ising.  Out of all 
the curves ,  the maximum is mos t  sharply marked  for the f i rs t  curve,  corresponding to the case  where the low- 
viscosi ty jet l ies wholly within the r eac to r .  The react ion pract ica l ly  goes to complet ion in the region occupied 
by this jet; the liquid heated during the course  of the react ion is then cooled and the t empera tu re  of the liquid 
tends toward the t empera tu re  of the surrounding medium. With an increase  in the m a s s  flow rate,  the jet is 
extended and the maximum of the curve  is shifted toward the outlet f rom the reac tor ;  here,  the value of the 
maximum at f i rs t  dec reases  somewhat (curve 2) and then r i ses  (curves 3, 4). The smal les t  value of the maxi -  
mal  t empera tu re  cor responds  to a m a s s  flow rate with which the jet reaches the end of the reac to r .  The de-  
c r ea se  in the maximal  t empera tu re  is connected with an extension of the region in which there  is heat evolu- 
tion. After "breakdown" the extension of the jet ceases ,  and, with a r i se  in the mass  flow rate,  there  is an 
increase  in the region occupied by jets .  This leads to a r ise in the maximal  t empera tu re  until a second fac tor  
comes into play, connected with the convective entrainment of unreacted liquid. Due to the action of this factor ,  
with a fur ther  increase  in the mass  flow rate,  the maximal  t empera ture  at the axis is lowered and, with large 
mass  flow rates ,  becomes negative, i.e., the liquid in the volume cannot be heated up to the tempera ture  of the 
surrounding medium (curve 5). 

Of great  in teres t  with polymer iza t ion  in a f low-through reac to r  is the p r e s s u r e - m a s s - f l o w  cha rac t e r -  
istic of the reac tor ,  curve Ap(q). Figure 4 shows in semilogar i thmic  coordinates  the p r e s s u r e - f l o w - r a t e  
cha rac te r i s t i c s  for  the cases  of negative and posit ive inlet t empera tu res  of the substance.  The curves  were 
calculated with the following values of the p a r a m e t e r s :  1) | = - 3 . 5 ,  a= 0.2; 2) | = 3.5, ~= 0.2; 3) ~1 = 3.5, or= 
0.8. Curve 1 has a maximum and a minimum, if the liquid flows in a tube, with a constant viscosity,  the p r e s -  
sure  drop r i ses  in di rect  propor t ion to the r i se  in the mass  flow rate of the liquid. In the case un,~er cons ider -  
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, ra t ion ,  even with small  flow rates ,  the curve  of Ap{q) deviates f rom a l inear  dependence, corresponding to 
the case  of the Poiseuil le flow of a completely reacting liquid having a t empera tu re  | = 0. This deviation takes 
place due to the entrainment  of a very viscous substance with ~/~ 1 with a r i se  in the mass  flow rate, and to an 
increase  in the f ract ion of the low-viscos i ty  substance in the reac tor .  With the growth of the jet this deviation 
inc reases .  The maximum of the curve of Ap (q) cor responds  to a mass  flow rate such that the jet reaches  the 
outlet f rom the r e a c t o r  and there  is a "breakdown" of the viscous mass  by the low-viscos i ty  liquid. With a 
fur ther  increase  in the mass  flow rate,  the p r e s s u r e  drop dec reases  a s  a resul t  of the expansion of the jet of 
low-viscos i ty  liquid and a sharp increase  in the fract ion of unreacted ' l iquid in the reac to r .  An increase  in 
the mass  flow rate leads, finally, to entrainment of the heated substance and to filling of the whole reac to r  
with cold liquid. As has already been remarked ,  in this case,  at the wall of the r eac to r  there  exists a thin 
viscous layer ,  and prac t ica l ly  the whole c ros s  section of the r eac to r  is filled with cold unreacted liquid (~? < 1%). 
Therefore ,  af ter  the minimum of the p r e s s u r e - m a s s - f l o w  curve for a mass  flow rate with which the s teady-  
state tempera ture  of the substance in the reac to r  becomes negative over  the whole volume, the p re s su re  drop 
r ises  approximately in propor t ion to the mass  flow rate.  

Curves 2, 3 show the p r e s s u r e - f l o w - r a t e  cha rac te r i s t i c s  with a positive value of | i.e., where a 
hot substance is fed into a cold tube (such a situation can occur  in p rocesses  of the additional polymerizat ion 
of a substance af ter  it leaves the reac tor ) .  These curves  differ  in the value of the p a r a m e t e r  cr, i.e., the degree 
of dependence of the viscosi ty on the tempera ture .  A strong dependence of the viscosi ty  on the tempera ture  
(or a large value of the initial t empera tu re  drop | brings about a second drop in the p r e s s u r e - f l o w - r a t e  
charac te r i s t i c  in the region of large mass  flow rates ,  where the distr ibution of the velocit ies of the flow over  
the c ros s  sect ion of the r eac to r  is close to parabolic.  Curve 3 has two maxima.  The secondary  decrease  in 
the p r e s s u r e  drop with a r ise in the mass  flow rate takes place as a result  of the entrainment of colder  and, 
consequently,  m o r e  viscous liquid f rom the tube and the filling of the tube with hot ter  and less  viscous liquid. 
With mass  flow rates  such that the t empera tu re  drop and the change in the viscosi ty along the length of the 
tube become insignificant, the p r e s s u r e  drop again r i ses  by virtue of the l inear  dependence on the mass  flow 
rate.  A s imi la r  behavior  of the curve  of Ap(q) for  the flow of an inert liquid was investigated in detail in [7]. 
It is interest ing that, in the case  under considerat ion,  in a determined range of change in the pa ramete r s ,  the 
regions of a significant effect of fac tors  of the dependences of the viscosi ty  on the tempera ture  and the degree 
of polymerizat ion on the p r e s s u r e - f l o w - r a t e  cha rac t e r i s t i c s  are  distinct,  and each of these fac tors  generates  
its own maximum on the curve  of Ap(q). 

We note that the curve of &p (q) does not differ qualitatively f rom the p r e s s u r e - f l o w - r a t e  charac te r i s t i c s  
obtained in [4, 5] without taking the two-dimensional  nature of the p rocess  into consideration.  
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