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The methods of Shvets [1] and of integral re~tions [2, 3] have been 
used to solve the problems of ignition and self-ignition of nonvolatile 
reacting substances, for boundary conditions of the fourth kind. 

Consider  ignit ion of a s emi - in f in i t e  reac t ing  volume 
of heated med ium with outside thermophys ieaI  contacts  
under  condit ions of per fec t  the rmal  contact .  According 
to [4], boundary  condit ions of the fourth kind a re  r e -  
a l ized for  uns teady  heat  t r a n s f e r  between a solid and a 
gas or  l iquid.  We shall  a s sume  that a reac t ion  of zero  
o rde r  takes place ,  and that all  the the rmophys iea l  co- 
eff icients  a re  constant .  Our p rob lem will be to de te r -  
mine  the ignit ion c h a r a c t e r i s t i c s .  Mathemat ica l ly  the 
p rob lem reduces  to solut ion of the following sys t em of 
equat ions:  

atol----- O Ol 
--exp 0~, x > 0 ,  (1) 

ax ~ o~ 

a~Ot dO t 
, ~ , < 0 ,  (2) 

O~ ~ O~ 

with boundary  and in i t ia l  condit ions 

o, (0, ~) = o~ (0, ~), o o~ 
- - ~ X  x=0 ~ / Z  

O 0~ 

0~ t=o' 

01(X , 0 ) =  01(00 , T ) = - - 0 i n i t  , 

0,(~, 0) = 0 , ( - -  co, T) = O. (3) 

In der iv ing  Eq. (1) we made use of the F r a n k - K a m e n e t s -  
kii t r a n s f o r m a t i o n  [5] for  e x p ( - E / R T ) .  Equat ion (1), 
in accordance  with Eq. (6), is  a sa t i s fac to ry  desc r ip -  
t ion of igni t ion of condensed reac t ing  subs tances ,  even 
for  a reac t ion  of zero  o rde r ,  if (T O - T in i t )c lp l /q  << 1. 
F r o m  the solut ion of the boundary  probIem of E q s .  (1) 
(1)-(3),  as a specia l  case ,  we obtain,  when n ~ ~ ,  the 
solution of the p rob lem examined in [7,8]. 

In p rac t i ce ,  because  the chemical  reac t ion  ra te  is  
an exponential  function of t e m p e r a t u r e ,  a t e m p e r a t u r e  
va r i a t ion  takes place in the v ic in i ty  of the in te r face  
between the media .  It i s ,  appropr ia te ,  the re fore ,  to 
in t roduce the t h e r m a l  boundary  l aye r  th i ckness /x  1 (T) 
and A2(r). Then the boundary  condit ion at i ~ ,  and the 
condit ions when r = 0, take the fo rm 

0 I(AI,  T) : - - O i n i t  , O , ( - - A t ,  T) : 0 ,  

A, (0) = A2 (0) = 0. (4) 

Following Shvets [1], in f i r s t  approximat ion  we obtain 
for  01 and 09., 

011) = 0init(A2 + nx), O(2j) _ 0init{'A2 - ' ~ ) .  (5) 

A S + n A i  A t + n A 1  

Substi tut ing Eq. (5) into the r igh t -hand  sides of Eqs.  
(1) and (2), and in tegra t ing  the r e su l t s  of the subs t i tu -  
t ion twice with r e spe c t  to x and ~, we find the second 
approximat ion  s: 

O~ 2) = 

alx 3 blx s exp (bl + alx) 
--  6 ~ 2 a~ + Alx + Br, (6) 

at~ 3 "  h _ ~ b  t 
O(22) t- ~ -  + A t ~  + By (7) 

6 

The quant i t ies  A1, A2, Bl, and B z a re  de t e rmined  
f rom the boundary  condit ions (3) and (4). Satisfying 
(6) and (7) by the Shvets condit ions [1], 

O01 x=a, 00t l 
Ox = 0~ L = - ~ , = 0 '  (8) 

we obtain two o rd ina ry  non l inea r  d i f ferent ia l  equations 
to de t e rmine  the quant i t ies  A 1 and As: 

�9 . 2 / A ~ .  n A ~  [-2- + - S )  + 

(aiAt - -  n) exp bl + - -  n Oinit -]- 2 
al 

e In - -  al  (5s  + n 51)1 
-~ a~ = O, 

L, zs~ + ~ } - ~ 1  +n~S,A~+ -- 

e - -  ( 1-- alAO exp bl hi A~ 0 i .it+ 2 = O. 
2 a~ 

(9) 

(10) 

If the nonreac t ing  heated med ium exhibi ts  a ve ry  grea t  
heat  capaci ty ,  the t e m p e r a t u r e  at the boundary  between 
the media  r e m a i n s  constant  as n ~ ~ .  In this  case ,  
ins tead  of the sys t em of equat ions (9) and (10), we have 
only one equation r ema in ing ,  and it may be in tegra ted ,  
taking account  of the ini t ia l  condit ions (4), to obtain 

AI ~ 0init X 

V 0init 6 ( 1 - -  e - -  ~0init) "1: ] 
x - -  I exp ,~-- 1 ~; 

i 1 - -  e - -  80init k 0init 

~ V-~  (1 + ~230:nit) . (11) 

In the genera l  case we solve sys tem (9) and (10) by 
expanding in s e r i e s :  
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A: = a:x '/" + ~ + 5 ~  '/" + . . . .  

A~ = a~'~ 'I~ + ~ ~- 6~'c 4- . . . .  (12) 

Subst i tut ing Eq. (12) into Eqs.  (9) and (10), and equat-  
ing to zero  t e r m s  with ident ical  powers  of T, we obtain 
a sys t em of two non l inea r  equations for de t e rmin ing  
~1 and ~z, and we obtain sys t ems  of l i n e a r  equations 
for de t e rmin ing  ~1 and/~2 and 51 and 52. F r o m  solut ion 
of these equat ions we find that ~l = ~2 = 46, /31 =/32 = 0, 
and, f inal ly ,  

61 = 24 (1 + n) 2 ('~ - -  e) Pl 

62 = 24 (1 + n)2(,~ - -  ~) P2 (13) 
2 2 

W 6 n  0init 

When n ~ ,r the f i r s t  express ion  in Eq. (12), tak-  
ing account of the va lues  of ~1, /31, and 51 found, coin-  
cides with Eq. (11) to an accuracy  including t e r m s  
conta in ing vJ, where j > 3/2.  The f i r s t  t e r m s  in Eqs.  
(12) r e p r e s e n t  the role  of the boundary  l a y e r s  for non- 
reac t ing  media .  It follows f rom (6), (7), (11), (12), 
and (13), that the heat of reac t ion ,  for 0init >> 1 and 
moderate values of 7, depends only slightly on the 
temperature profile and the thickness of the boundary 
layers. Since Gandin [9] has shown that the sequence 
of approximations in the Shvets method converges rap- 
idly when solving problems of heat conduction for non- 
reacting media, and since the perturbation from the 
heat of reaction is small, higher approximations con- 

verge, at least for moderate values of 7. In particular, 

we find, for small values ofT, fromEq. (6), with the 

help of Eq. (12), that the temperature at the interface 

between the media is - 0init/(l + n), i.e., it coincides 

with the corresponding exact value of the temperature 

of the interface between nonreacting media [i0], while 

the error in the temperature gradient at x = 0 does not 

exceed 8%. 
Using the condition OO~ = 0, given by Zel'dovieh 

Ox I~=0 
[11]. we obtain an equation for the w a r m - u p  t ime of the 
reac t ing  sys tem:  

O e /~ initAl ( :  - -  : "~ 

(A~ + nAa) ~ (exp b~ - -  e). (14) 
n 0:ini t 

Subst i tut ing (12) into Eq. (14), and solving the equation 
with r e spec t  to r ,  we find an approximate  express ion  
for the w a r m - u p  t ime:  

2 2 - n Oinit 
"~*= 4(1 + n)~(v--s)" (15) 

In de r iv ing  Eq. (15), we neglected 5 t and 52 in com-  
pa r i son  with ~1 and ~2. 

It is  easy  to see f r o m E q .  (15) that w h e n n ~  ~, the 
quant i ty  ~ . ~  0]ni t /4 ,  and when n ~ 0, the quant i ty  
~ . ~  0, i . e . ,  T.  is  a nonmonotonic  function of n, 
and a t ta ins  a m a x i m u m  ~ .  = T* m for n = n. .  The l a r g e r  
is 0init ,  the sha rpe r  and the higher  is  the m a x i m u m  
value ~,, and the c lo se r  is  n .  to 0. For  0init >; 1, the 

quantity n, ~ i/(0init - 2). Inthelimit, as 0init ~ oo, we 

obtain n.~ 0 and 7, ~ ~o. The nonmonotonic nature of 

~, as a function of n is due, evidently, to a specific 

peculiarity of the Arrhenius function, namely, that the 

heat liberated from the reaction does not go to zero even 

at sufficiently high temperatures. This defect in the 

Arrhenius function was noticed in [12], and the method 

of sections was used to avoid it in [12]. We shall avoid 

this defect by means of the method of Spalding [13] and 

Rosen [14], putting 

e c { V_T,. C 

C =  const, k = const >> 1. (16) 

In an analogous m a n n e r ,  for a heat evolution in the 
fo rm of Eq. (16), we obtain the w a r m - u p  t ime of the 
r eac t ing  sys t em in the fo rm 

~:,=~ 1 +  (17) 

In this case, with increase of n, thewarm-up time mono- 

tonically decreases from ~ at n = o to T"t* = (k+l)/2 

at n~ ~. 
For the limiting case n ~ ~, we can find a value 

of warm-up time that is exact within the framework 

of the approximation of the Shvets method [i]: 

Oi3nit 20init (1 --- e) 
** = 6 ( 1 - -  e - -  ~OinR) In (2 + 8) Oini-~'- 3 ( 1 - -  E) 

0 i2nit 30init  3 ( 1 8 )  
~ - 4 -  q- -1-6 ~ -  32" 

Comparing Eq. (18) with the expression for T. found 

in [6] using an electronic computer, we see that its 

accuracy is quite satisfactory. Thus, for 0init = 5, 
i0, 15, 20, 25, 30, with the help of Eq. (18), we have 

y,= 7.3, 27, 59, 104, 161, 231, and from [6] we have 

~. = i0, 30, 60, i00, 150, 210, respectively. 

To estimate the accuracy of Eq. (15) for moderate 

values of n we found ~-. for n = 1 from Eq. (14) by a 

trial-and-error method. We found T. = 28.8 for ~init = 

= 5, T. = 957 for 0init = i0, and 7-. = 24.7 expl0 for 

0init = 20, while from Eq. (15) we have T. = 20.7, 934, 

25 exp I0, correspondingly. Therfore, the accuracy of 

Eq. (15) is quite satisfactory within the framework of 

our approximations. 

Knowing T,, we can easily find the thickness of the 

heated layer, 

n 0initl / 3 
A~, = A~(~,) = l--~n V 2(v_.e)(l +px), (19) 

the temperature of the interface boundary for r = ~,, 

0. = 0, (0. ; , )  = 0,.it(1 + p,)~ • 
[1 +p~ +n(1  +p0]  ~ 

• [(t + n)(1 + 4p2 ) + 3pz(p  z + np~)]. (20) 

and the amount  of heat  t r a n s f e r r e d  by the hot med ium.  

i* n 0:init (21) 
0 O~ 2~ ~ 2 

Q* = - -  Ox . = o d T = ( 1  + n)~V6(~--e)  
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Us ing  Eq .  (20), wi th  n = 1 and 0init = 5 and 10, we f ind 
tha t  0 ,  = - 1 . 6  a n d - 2 . 6 ,  r e s p e c t i v e l y ,  i .  e . ,  in c o n t r a s t  
to h e a t  t r a n s f e r  b e t w e e n  n o n r e a c t i n g  m e d i a ,  the  i n t e r -  
f a c e  t e m p e r a t u r e  in o u r  c a s e  i n c r e a s e s  wi th  i n c r e a s e  
of  T. 

If n d e c r e a s e s  f r o m  ~ to 0, i t  f o l l ows  f r o m  Eq.  (21) 
tha t  Q f i r s t  i n c r e a s e s  then  d e c r e a s e s  to 0. T h e r e f o r e ,  
t h e r e  i s  a m a x i m u m  v a l u e  Q .  fo r  n = n l . .  The  r i g h t -  
hand b r a n c h  of t h e  Q ,  c u r v e ,  c o r r e s p o n d i n g  to n > n l . ,  
has  p h y s i c a l  m e a n i n g .  T h u s ,  fo r  n > h i . ,  to i gn i t e  the  
r e a g e n t  i t  i s  n e c e s s a r y  to t r a n s f e r  a g r e a t e r  a m o u n t  
of h e a t  f r o m  the  hot  m e d i u m  than  when  n ~ 0o. Th i s  i s  

b e c a u s e  the  h e a t  e v o l v e d  in the  r e a c t i o n  d e c r e a s e s  
e x p o n e n t i a l l y  wi th  d e c r e a s e  of n. 

F o r  n ~ ~ we ob ta in  f o r m u l a s  f r o m  E q s .  (15) and 
(21) wh ich  a r e  c l o s e  to the w a r m - u p  t i m e  and to t he  
quan t i ty  Q. ,  a s  found in [6, 8], u s i n g  a c o m p u t e r .  

T h u s ,  a c o m p a r i s o n  of the l i m i t i n g  c a s e s  wi th  the  
r e s u l t s  of m a c h i n e  c a l c u l a t i o n  i n d i c a t e s  tha t  the  Shve t s  
m e t h o d  [1] c o n v e r g e s  in ou r  c a s e ,  at  l e a s t  fo r  0 < T _< 
~-- T** 

F o r  n - *  0, in p l a c e  of E q s .  (19), (20), and (21), we 
should  u s e  f o r m u l a s  which  can  be  ob t a ined  in an a n a l -  
ogous  m a n n e r ,  m a k i n g  use  of (16) and (17). 

It was  shown in [15] tha t  the  ign i t i on  t i m e  can  be 

divided into a w a r m - u p  time ~, and an induction time 
r0. To determine the induction time, we must solve 

the corresponding problem of self-ignition of a react- 

ing substance, which reduces to solution of the system 

0 01 

of e q u a t i o n s  

1 0 (y~ 001 1 
0"~ -- 6 y ~ Oy \ ~ - y  ] + e x p O a ,  (22) 

003 ~ 0 ( 00~ ~, 
0"~ -- 6 yi Og y~ -~ff-y ] (23) 

wi th  b o u n d a r y  and in i t i a l  cond i t i ons  

0010g u=o = 0 '  01(% 1)=02(% 1), 

00~ I 
Oy [y : l  

01(0, y)--~ 03(0, y) = O. (24) 

S y s t e m  (22), (23) wi th  cond i t i ons  (24) has  been  s o l v e d  
fo r  i = 2 u s ing  a c o m p u t e r  [16]. We sha l l  u s e  the m e t h o d  
of  i n t e g r a l  r e l a t i o n s  to s o l v e  i t .  We f i r s t  e x a m i n e  the  
t h e r m a l  de tona t ion  of  a r e a c t i n g  s h e e t .  We u s e  the  
" i n d e p e n d e n t "  a p p r o x i m a t i o n  of n o n l i n e a r  t h e o r y  (in 
the  t e r m i n o l o g y  of [3]) a s s u m i n g  tha t  

O, ~ (g -- 0o) gl + Oo ' 

exp 0 ~ exp 0 o + (exp g - -  exp 0o) y2. (25) 

F o r  the  s e c o n d  equa t ion  of s y s t e m  (22) and (23) we  
m a k e  the  subs t i t u t i on  z = y -  1. Then ,  fo r  1 <- y < % 
we can  use  the  known so lu t ion  [10] of the  h e a t  c o n d u c -  
t ion equa t ion  for  a h a l f - s p a c e  with  known t h e r m a l  f lux  
at  i t s  bounda ry .  Us ing  th i s  so lu t i on ,  t o g e t h e r  wi th  the  
s e c o n d  and t h i r d  of c o n d i t i o n s  (24), we ob ta in  an e q u a -  
t ion fo r  00 and g: 

2 Oo( t) - -  g ( t) dr. (26) 
g =  n V 7 6  ~ V ~ - t  

0 

We obta in  a s e c o n d  equa t ion  fo r  g and 00 by s u b s t i t u t i n g  
Eq.  (25) in to  Eq.  (22) and i n t e g r a t i n g  the  r e s u l t  wi th  
respect to y from 0 to i: 

2t~o + g = 2 exp Oo + expg 6 (0~  g) (27) 
5 

T h e r e f o r e ,  to d e t e r m i n e  g and 00 we have  the  s y s t e m  
(26), (27) wi th  c o n d i t i o n s  

co (o) = o, g (o) = o. (28)  

E q u a t i o n  (26) i s  an Abe l  equa t i on  [17]. Us ing  the  t r a n s -  
f o r m a t i o n  f o r m u l a  fo r  th i s  equa t ion  [16], we ob ta in  

n ~ - ~  d f g(t)dt 
0 ~  + -2 - d r  V "~ ----t" 

0 

(29) 

Knowing  Eq.  (29), we can  e a s i l y  r e d u c e  the s y s t e m  
(26), (27) to a s i n g l e  equa t ion :  

T 

1 l{exp.<./+ 
g = T  

0 

+ 2 e x p  g + - - - ~ -  ~ d'v d v - -  
0 

n ~ g (t) dt 

~ 0 j VT-t 

a d r  0j gV__t ' (30) 

Whenn~ 0, we have 00 -- g from Eq. (29), i.e., 

the spatial nonuniformities in the temperature distri- 

bution vanish, and we obtain the Semenov-Todes case 

[18], when there is no heat transmission from the re- 

acting substance. In this case, Eq. (27) can be inte- 
grated, and we have 

0 o = g = - -  In (1 - -  x). (31) 

F r o m  Eq .  (31) we ob ta in  the  r e s u l t  that  t h e  induc t ion  
t i m e  fo r  n = 0 i s  equa l  to 1, in a g r e e m e n t  wi th  [18]. 

If  n - - %  we  h a v e  the  l i m i t i n g  c a s e  of F r a n k - K a m e n -  
e t s k i i  [5]. In th i s  c a s e ,  a s  can  be  s e e n  f r o m  Eq .  {26), 
g = 0, and i n s t e a d  of s y s t e m  {26) and {27), we a r e  l e f t  
wi th  a s i n g l e  equa t ion  which  can  e a s i l y  be  i n t e g r a t e d ,  
and fo r  0u ~ r we ob ta in  

~o = 8 i 
d Oo 

- 8(I + 2expOo)- -6% (82) 
0 

It  i s  e a s y  to s e e  tha t  T O < ~o and t h e r e f o r e ,  s e l f - i g n i t i o n  
o c c u r s  fo r  6 > 5.  ----0.94, the  e x a c t  v a i u e  be ing  5.  = 0.88 
[5]. F o r  6 < 5.  t h e r e  a r e  two s t e a d y  t e m p e r a t u r e  d i s -  
t r i b u t i o n s .  The  l i m i t i n g  s t e a d y  v a l u e  i s  00 = 00~ = 1.16.  

T h u s ,  fo r  n - -  ~o t h e r e  i s  a s t e a d y  t e m p e r a t u r e  d i s -  
t r i b u t i o n  and a de f in i t e  l i m i t ,  whi le  fo r  n -  0, t h e s e  
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do not exist. The question arises as to what occurs 

at intermediate values�9 A complete answer to this 

question can be given by solving Eq. (30), which is a 
difficult problem, but some indirect data can be ob- 
tained without solving Eq. (30)�9 We shall replace 

exp 0 i by i in Eq. (22), and apply a Laplace transformation 
[19] for the linear system obtained with conditions (24). 
For the transform of 01, where 0 i is the solution of 
system (22) and (23) with a source equal to i, we find 
the expression 

1 ( nchV~sx ) 
v~---- ~ 1 sb V ~ - ~  n c h V ~  " (33) 

Our  p r o b l e m  is  to s tudy  the  b e h a v i o r  of  01 fo r  z 
~o To do t h i s ,  a e e o r d i n g t o  [19], i t  i s  s u f f i c i e n t  to 

f ind the  l i m i t  of sv t  a s  s ~ 0. It i s  e a s y  to s e e  tha t  

lirnsvt ~- co and tha t ,  t h e r e f o r e ,  lim0~ -- oo, i . e . ,  e v e n  

f o r  a w e a k  s o u r c e  of h e a t  e m i s s i o n ,  t h e r e  i s  no s t e a d y  
t e m p e r a t u r e  d i s t r i b u t i o n  when  r ~ ~. In v i e w  of t he  
f ac t  tha t  0 l > 01, one  of two c a s e s  i s  p o s s i b l e :  lira 0t = 

~= ~o o r  lim@~ = m � 9  T h e r e f o r e ,  t h e r e  i s  no s t e a d y  

t e m p e r a t u r e  d i s t r i b u t i o n  f o r  the  n o n l i n e a r  h e a t  s o u r c e  
exp  01. T h i s  i n v e s t i g a t i o n  d o e s  no t  r e s o l v e  the  q u e s t i o n  
of  the  e x i s t e n c e  of a de tona t ion  l i m i t  wi th in  the  f r a m e -  

w o r k  of  the  F r a n k - K a m e n e t s k i i  a p p r o x i m a t i o n  [5] fo r  
e x p ( - E / R T ) ,  s i n c e  i t  i s  p o s s i b l e  to h a v e  a v a l u e  of  5., 
such  tha t  fo r  5 > 6.  the  l i m i t  of 0 i ( 0 , r )  when r ~ ~0 i s  
equa l  to ~ .  If a de tona t i on  l i m i t  e x i s t s ,  i t  d epends  on 

F o r  a r e a c t i n g  c y l i n d e r ,  by m e a n s  of a s i m i l a r  in -  
v e s t i g a t i o n ,  i t  i s  p o s s i b l e  to show tha t  aga in  t h e r e  i s  
no s t e a d y  t e m p e r a t u r e  d i s t r i b u t i o n .  

F o r  a r e a c t i n g  s p h e r e ,  u s i n g  the subs t i t u t i on  ~o = 
= 0zy and s i m i l a r  m e t h o d s ,  a s i n g l e  i n t e g r o d i f f e r e n t i a l  

e q u a t i o n  fo r  g can  be  o b t a i n e d .  It  i s  e a s y  to v e r i f y  tha t  
fo r  a s o u r c e  equa l  to 1, a s t e a d y  t e m p e r a t u r e  d i s t r i -  

bu t ion  does  e x i s t  h e r e .  S ince  the  A r r h e n i u s  func t ion  
e x p ( - E / R T )  < 1 f o r  any T,  t h i s  c o n c l u s i o n  i s  v a l i d  
fo r  any v a l u e s  of T .  Within  the  f r a m e w o r k  of the  F r a n k -  
K a m e n e t s k i i  a p p r o x i m a t i o n  [5], t h e r e  i s  e v i d e n t l y  a 
v a l u e  5,, s u c h  tha t  fo r  5 > 5,  t h e r e  i s  n o n s t e a d y  t e m p e r -  

a t u r e  d i s t r i b u t i o n .  

NOTATION 

= (T - T0)E/RT ~ is the dimensionless temperature; 

x = r((k0E/XIRT ~) exp(-E/RT))I/2 is the dimensionless 

coordinate; ~- = (qk0Et/CipiRT~) exp(-E/RT 0) is dimen- 

sionless time; To is the initial temperature of a heated 

nonreacting medium, and also the initial temperature 

of the  r e a g e n t  fo r  the  s e l f - i g n i t i o n  p r o b l e m ;  T in i t  i s  
the  i n i t i a l  t e m p e r a t u r e  of the  r e a g e n t  in the  i gn i t i on  
p r o b l e m ;  R is  the  u n i v e r s a l  gas  c o n s t a n t ;  q i s  the  t h e r -  
m a l  e f f e c t  of the  r e a c t i o n ;  r i s  a d i m e n s i o n a l  c o o r d i n -  
a te ;  k0 i s  a p r e e x p o n e n t i a l  f a c t o r ;  E i s  a c t i v a t i o n  e n -  
e r g y ;  X i s  the  t h e r m a l  c o n d u c t i v i t y ;  p i s  d e n s i t y ;  e i s  
hea t  c a p a c i t y ;  t i s  t i m e ;  ~4 is  t h e r m a l  d i f fu s iv i t y ;  
s u b s c r i p t s  1 and 2 c o r r e s p o n d  to the  r e a c t i n g  s u b -  

s t a n c e  and the  n o n r e a c t i n g  m e d i u m ,  r e s p e c t i v e l y ;  a = 

= e x p ( - 0 i n i t )  ; , = exp - 0 i n i t / ( 1  + n) ; 0 in i t  = (T o - 
- TinitE)/RT02; n = (k2p2effkiplcl) l/~ i s  the  r e l a t i v e  
t h e r m a l  a c t i v i t y  co e f f i c i en t  f o r  t he  known r e a c t i o n  m e -  

d i u m ;  a 1 = - 0 i n i t / ( A  2 +nA1) ; b 1 = b 2 = - 0 i n i t A 2 / ( A  2 + 
+ nA t ) ; a 2  = - 0 i n i t / ( A  2 + n A  t );  AI = ( e x p b l / a  l) + n A z ;  
B 1 = (expbl/a~) + B2; A2 = (A 2 + nA1) -1 [(e/a 2) + (b l /2 ) .  

�9 (A~ - A~) - (/~2A~ + ~lA~)/6 - 0ini t  - (1 + a!A1/a ~ • 
• expb2];  a dot  above  a s y m b o l  i n d i c a t e s  d i f f e r e n t i a t i o n  

w i t h  r e s p e e t  to T; Pl = ((9 + 9n + 40init)  (u -- e) - 9n • 

x e0in i t ) /24(1  + n) (u - e )0 in i t ;  P2 = (9(1 + n)(~ - - e )  - 
- n0ini t (6u + 5 e ) ) / 2 ~ 1  + n ) ( u -  a )0 in i t ;  T 1 = (k~Ct/ct) • 
• Pl(T0 - Tini t )  i s  d i m e n s i o n l e s s  t i m e ;  ~ = x/~c~ is  a 
d i m e n s i o n l e s s  c o o r d i n a t e ;  y = r / r  0 i s  t h e d i m e n s i o n l e s s  

a m b i e n t  r a d i u s  ; p = k2/ki;  ~ = ~ / ~ 1 ;  r0 is  t h e c h a r a c -  
t e r i s t i c  d i m e n s i o n  of  t he  r e a c t i n g v o l u m e ;  i = 0, 1, 2 

r e f e r t o  t h e  p l a t e ,  c y l i n d e r ,  and s p h e r e ,  r e s p e c t i v e l y  ; 
5 = (qk~Er~/X~RT0~ e x p ( - E / R T 0 )  i s  t he  F r a n k - K a m e n e t -  
sk i i  p a r a m e t e r  [51. 
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