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A C O N T I N U O U S  

The p rob lem of de te rmina t ion  of s ta t ionary  opera t ion modes  of a continuous i so thermal  r e a c t o r  in 
one-d imens iona l  approximat ion with the lengthwise diffusion of the substance taken into considera t ion r e -  
duces to a two-point  boundary value p rob lem for the s econd-o rde r  equation [1] 

d2~ d~ ( u r ~ ) )  
~x~ - v - ~ - +  R(~)= 0 u = - ~ ,  R(~)= (1) 

x~O, d~/dx=U~; x= l ,  d~/dx=O 

H e r e  ~ is the degree  of advancement  of the react ion,  a s sumed  to be s ing le -s tep  ( r eve r s ib l e  or  i r r e -  
ve rs ib le ) ;  u is the flow ra te ;  D is the effect ive coeff icient  of lengthwise diffusion; and r(~ ) is the reac t ion  
ra te ,  with the r e a c t o r  occupying the region 0 --- x -< l .  Except  for  z e r o -  and f i r s t - o r d e r  reac t ions ,  Eq. (1) 
is not l inear ,  and p rob lem (1) has  no analyt ical  solution. Known a t tempts  at  numer ica l  solution of this 
p rob lem [2, 3] do not guarantee  the uniqueness of solution. The question of uniqueness is by no means  
Wivial, as  shown, e.g.,  by the fa i r ly  r ecen t  a t t empt  at a numer ica l  ana lys is  of this p rob lem [4] for  the 
pa r t i cu l a r  case  cf  a he terogeneous  catalyt ic  react ion,  which had shown the possibi l i ty  of exis tence of th ree  
s ta t ionary  modes .  

Mathemat ica l ly ,  p rob lem (1) is equivalent to the p rob lem of the exis tence  and of the number  of 
s ta t ionary  opera t ion modes  of a continuous adiabat ic  r e a c t o r  cons idered  in [5]. In accordance  with the 
r e s u l t s  p re sen ted  the re  it is poss ib le  to s tate  that: 1) if  the function R(~ ) is posi t ive and monotonical ly  
decreas ing ,  p rob lem (1) always has  a unique solution; 2) if, however ,  the function R(~ ) is pos i t ive  and non-  
monotonic,  p rob lem (1) has  always (besides ce r ta in  exceptional  cases)  an odd number  of solutions.  In the 
second case  the determinat ion of the number  of solutions can be reduced  to solving a p rob lem which in 
ce r t a in  r e s p e c t s  is m o r e  convenient  for  integrat ion than p rob lem (1). 

Let  us cons ider  ce r ta in  pa r t i cu la r  cases .  

1. A homogeneous r e v e r s i b l e  chemical  react ion.  In this case  the function r(~ ) is of the fo rm [1] 

N N 
~" - -k ' ]~  c':" r (~)----- k H cj~ j~ (cj = Cjo A- ~j~) 

j=l j--1 
(2) 

H e r e  k and k '  a r e  constants  of the r a t e s  of d i rec t  and r e v e r s e  reac t ions ,  respec t ive ly ;  flj and yj a r e  
the o r d e r s  of d i rec t  and r e v e r s e  reac t ions ,  r e spec t ive ly ;  cj and cj0 are ,  r e spec t ive ly ,  the concentra t ion and 
the initial concentrat ion;  (~j is the s to ich iomet r ie  coeff icient  ( subscr ip t  j r e l a t e s  to the j - th  const i tuent  of 
the mix tu r e  of or iginal  subs tances  and of products  of react ion) ,  and N is the o v e r - a l l  number  of const i tuents .  

Usual ly  (except  in c a s e s  of autocatalysis)  r eagen t s  (~i < 0) a cce l e r a t e  a d i rec t  r eac t ion  (fi i -> 0) and 
r e t a r d  a r e v e r s e  one (~j -< 0), while end products  (~j > 0) slow down a d i rec t  r eac t ion  (fij -< 0) affd a c c e l e r -  
ate  a r e v e r s e  one (~j -> 0), and not all  fi j and yj vanish.  Hence it follows f rom (2) that function r(~ ) de -  
c r e a s e s  monotonical ly  and p rob lem (1) has  a unique solution. This  p roves ,  in par t i cu la r ,  that the s ta t ionary  
modes  de te rmined  by numer ica l  methods in [2] for  r eac t ions  of var ious  o rde r s  a r e  unique. The  conclusion 
about uniqueness of solutions r e m a i n s ,  obviously,  val id for k '  = 0 ( i r r e v e r s i b l e  react ion) .  
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2) The rate  of an autocatalytic react ion increases  at low degrees of advancement ~ of the react ion 
and dec reases  at high ~ [1]o Hence in this case  function R(~ ) is nonmonotonic, and problem (1) may have 
several  soIutions. 

3) The effective rate of a heterogeneous catalytic react ion can depend on the ra te  of diffusion and 
adsorption of reagents ,  desorption of products of reaction,  etc. The dependence of the react ion ra te  on 
may consequently be of a complicated charac te r  and nonmonotonic. For  example, the ra te  of a he t e ro -  
geneous catalytic react ion can in a number of cases  be present  in the form 

( ~ - -  ~')" (3) r (~) = k [t + ~ (~m -- ~)P~ 

where k, ~m' X, hi, and n 2 a re  positive constants.  In this case the function r(~ ) for n 2 > n 1 [1 + (X 0-1] is 
nonmonotonic, and problem (1) can have several  solutions. The latter occurs ,  e.g., in the case  of the r e -  
action of ethylene hydrogenation considered in [4]. 
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