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The Shvets method [1] is used to study the ignkion Of a reacting gas 
from a heated catalytic surface in the presence of conductive and con- 
vective heat transfer from that heated surface. 

Ribo and Valent in  [2] observed  expe r imen ta l ly  that 
the re  exis t  two igni t ion r e g i m e s  f o r k  catalyt ic  surfaee .  
At a compara t ive ly  low t e m p e r a t u r e  for the cat-  
a lyt ie  sur face  (for a r eac t i ng  s y s t e m  h y d r o g e n - a i r -  
p l a t inum T e -< 480 ~ K, we have he te rogeneous  e o m -  
bus t ion  in the molecu les  of the r eac t ing  subs tance .  
At a high t e m p e r a t u r e  for the heated sur face  (T c -> 
-> 900 ~ for  the s ame  sys t em [2]), a homogeneous r e a e -  
t ion is e s sen t i a l .  Spalding [3] provided a detai led r e -  
view of the l i t e r a t u r e  on the t r a n s f e r  of heat  in e h e m -  
iea l ly  r e a c t i n g  gases  and indicated the poss ib le  p r ac t i ca l  
appl ica t ions .  

We wil l  study theore t i ca l ly  the igni t ion of a ea t a ly -  
t ie sur face  for the ease  of a homogeneous  r eae t ion  of 
the f i r s t  o rder .  

Fo r  conduct ive heat  t r a n s f e r  f rom a heated su r face  
the p r o b l e m  reduces  m a t h e m a t i c a l l y  to the so lu t ion  of 
the s y s t e m  of equat ions  

020 O0 
-- vexpO, (1) 

Oz 2 0 "~ 

02C = L ( Oc ) 
Oz ~ ' ~ + ~1 c exp 0 (2) 

having  the boundary  and in i t i a l  condi t ions  

0(0, ~ ) = 0 ,  0(z, o ) = 0 ( ~ ,  ~ ) = - - 0 o ,  

c(z, O) = c (~ ,  ~) = 1. (3) 

In de r iv ing  Eqs. (1) and (2) we used the F r a n k - K a m -  
ene t sk i i  [4] approx imat ion  for  e x p ( - E / R T ) ,  while in 
the de r iva t i on  of the boundary  and in i t i a l  condi t ions  
(3) we a s s u m e d  that the concen t r a t i on  of the r eagen t  
at the heated sur face  i n s t an t aneous ly  drops  to zero.  
This  is  explained by the fact  that  the r a t e  of the c h e m -  
ical  r e ac t i on  at  the ca ta ly t ic  su r face  is very  g rea t  [5] 
and is  in a g r e e m e n t  with the e x p e r i m e n t a l  data  of [2]. 
It was also a s sumed  that  the t he rmophys i ca l  coeff i -  
c ien ts  X = X0T/T0, and p = P0T0/T and the Lewis -  
Semenov  n u m b e r  does not va ry  with a change in t e m -  
p e r a t u r e ,  and it was a s sumed  that  the t r a n s f o r m a t i o n  

of the independent  va r i ab l e  z=~--~_ dzl, which is a n a l -  
t J  g O  
0 

ogous to the Dorodni t syn  t r a n s f o r m a t i o n  [6]. 
Since the r a t e  of the chemica l  r eac t i on  is  an expo-  

nen t i a l  funct ion of t e m p e r a t u r e ,  the r e a c t i o n  takes 
p lace  within n a r r o w  t e m p e r a t u r e  and diffusion bound-  
a ry  l aye r s .  Having in t roduced the t h i cknes se s  of the 

temperature and diffusion boundary layers, we bring 
the boundary and initial conditions (3) to the form 

0 (0, ~) = 0, 0 (A1, ~) = - -  00, c (0, T) -- 0, 

c(A2,r ) = 1,hl(0)=h2(0 ) -- O. (4) 

We use the Shvets method [1] to solve the boundary 
p r ob l e m (1), (2), and (4). As f i r s t  approx imat ions  for  
the t e m p e r a t u r e  and concen t ra t ion  we obtain 

01 = - -  00z/A 1, cl = z/h~. (5) 

Subst i tu t ing (5) into the r igh t -hand  par t s  of (1) and (2) 
and in t eg ra t ing  the r e su l t  of the subs t i tu t ion  twice with 
r e s p e c t  to z and with cons ide ra t ion  of (4), we obtain 
the second approx imat ions  

OoP dAr A~ I 
0 , - -  6A? d T + 0~5~ ~2--  

( 0oZ  0oZ] 
-- 2 +  A T !  exp--  +Az,  (6) Aa 

Lz 3 dA 2 7LS~ 
C 2 = - -  52 • 6 2 d T O~A2 

x 2 - -  2 §  e xp - -  + B z .  (7) 
A1 

F o r  s impl ic i ty ,  subsequent ly  we will drop the t e r m s  
con ta in ing  the fac tor  e = exp -0  o, s ince  when 00 >> 1 
the quant i ty  e << 1. 

Having sa t i s f ied  (6) and (7) in  t e r m s  of the Shvets 
condi t ions  [1], we der ive  the d i f fe ren t i a l  equat ions  for  
the d e t e r m i n a t i o n  of the quant i t ies  A 1 and A2: 

asl ~ A1 dA1 - - 3 4 - - - ,  
d "~ 04A~ 

LA~ dA. = 3 4 -  6~L5~ (8) 
d z 0~A2 

Then,  by me a ns  of the method of p e r t u r b a t i o n s  [7] for  
m o d e r a t e  va lues  of T we have 

0~ ' 

5 ~ =  6w ( 1 +  6 v L % ~ )  (9) 
L Oo 3 " 

In de r iv ing  (9) we took into cons ide ra t ion  the in i t i a l  
condi t ions  (4) and dropped al l  powers  of the p e r t u r b a -  
t ions  above the f i r s t .  We note that  the f i r s t  t e r m s  in 
e x p r e s s i o n s  (9) y ie ld  values  for  the t h i c kne s se s  of the 
t e m p e r a t u r e  and dif fus ion boundary  l a y e r s  of a non-  
r e a c t i n g  gas that  a re  exact  within the scope of the s e c -  
ond app rox ima t ion  accord ing  to the Shvets method. 
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F r o m  the  Z e l ' d o v t c h  condi t ion  [8] d0/dz} z=0 = 0, 
which is  an a p p r o x i m a t e  condi t ion  of igni t ion,  we find 
the hea t ing  t ime  

3 ] (lo) 

We see  f r o m  e x p r e s s i o n s  (6), (7), and (9) that  when 
0 < T -< ~-,, the  t h i c k n e s s e s  of the  bounda ry  l a y e r s  and 
the p r o f i l e s  of the  t e m p e r a t u r e  and c o n c e n t r a t i o n  d i f -  
f e r  l i t t l e  f r o m  the c o r r e s p o n d i n g  quan t i t i e s  found wi th -  
out  c o n s i d e r a t i o n  of the l i b e r a t i o n  of hea t  in the h o m o -  
geneous  r e a c t i o n .  Since  the  p ronounced  c o n v e r g e n c e  
of the  s u c c e s s i v e  a p p r o x i m a t i o n s  of the  Shvets m e t h -  
od fo r  an e x t e n s i v e  c l a s s  of l i n e a r  and s e l f - s i m i l a r  
p r o b l e m s  is  shown in [1] and d e m o n s t r a t e d  t h e o r e t i c a l l y  
by Gandin  [9], in v iew of the s m a l l n e s s  of the p e r t u r -  
ba t i ons  due to the  c h e m i c a l  r e a c t i o n  i t  i s  p o s s i b l e  to 
hold that  the c o n v e r g e n c e  of the  Shvets  me thod  a pp l i e s  
a l so  to our  ca se ,  at  l e a s t  when 0 < �9 -< T.. This  i s  a l so  
va l id  fo r  two o t h e r  p r o b l e m s ,  c o n s i d e r e d  below. 

By m e a n s  of (9) and (10) we find the t h i c k n e s s  of the  
hea t ed  l a y e r  

AI, = A, ['+  oT3 (3 +  00L))(11) 

The quan t i ty  of hea t  t r a n s f e r r e d  by the  hea ted  p l a t e  i s  
equa l  to 

a 63 
Q* = - -  ~ ~ = o  d ~ =  

0 

)/~L1/4 L) l (12) 

We s e e  f r o m  fo r rnu l a s  (10), ( t ! ) ,  and (12) tha t  wi th  an 
i n c r e a s i n g  L e w i s - S e m e n o v  n u m b e r  the  hea t ing  t i m e  
d i m i n i s h e s  a s  L -1/~, while  A t ,  and Q .  d i m i n i s h  as  
L-#4.  

Thus ,  with a l l  o the r  condi t ions  equal ,  the  ignition 
of the  r e a c t i n g  gas  i s  a l l  the e a s i e r ,  the l a r g e r  the  c o -  
e f f i c i en t  of hea t  d i f fus ion  in  c o m p a r i s o n  with the  c o e f -  
f i c i e n t  D of c o n c e n t r a t e d  d i f fus ion .  

On ign i t ion  of a n o n c a t a l y t i c  s u r f a c e  in the  a b s e n c e  
of c o m p l e t e  r e a g e n t  burn ing ,  with the Shvets method  
[1] we e a s i l y  f ind 

4 4o-T + ' (13) 

~ 6 0  o f l  + 3 ) �9 + 9 " 
~n* = 2 . . ~ i ~  , (14) 

5+o) Q. - - ~  l +  . (15) 

e r r o r  does  not exceed  8%. Consequent ly ,  the  e r r o r  in 
(13) is  a p p r o x i m a t e l y  equal  to 8%, which c o i n c i d e s ,  as  
was  to be expec ted  f r o m  the a b o v e - c i t e d  c o n s i d e r a t i o n s  
r e g a r d i n g  conve rgence  of the Shvets  method,  with the 
a c c u r a c y  of the second a p p r o x i m a t i o n  fo r  the t e m p e r a -  
t u r e  of the c o r r e s p o n d i n g  l i n e a r  bounda ry  p r o b l e m  [1]. 
F o r m u l a s  (13)-(15)  r e t a in  t h e i r  a c c u r a c y  even in the 
p r e s e n c e  of c o m p l e t e  combus t ion ,  if ~/00 << 1, s ince  in 
th i s  case ,  a c c o r d i n g  to the  r e s u l t s  of [12], the c o m -  
p le te  combus t ion  has  l i t t l e  e f fec t  on the c h a r a c t e r i s -  
t i c s  of igni t ion.  

Having c o m p a r e d  {I0)--(12) with {13)--(15) when L = 
= I and 70 o << i, for the ignition of the catalytic sur- 
face, we find that % exceeds the heating time (13) by a 
factor of 00, while AI, and Q, are greater than the thick- 
ness of the heated layer (14) and the quantity of trans- 
ferred heat (15) by a factor of (0o) I/2. 

Thus, to derive an identical heating time, all other 
conditions being equal, we must heat the catalytic sur- 
face to a higher temperature and transfer a greater 
quantity of heat from the heated surface; i. e.,  the cat- 
alytic surface makes ignition of the reacting gas more 
difficult. This fact is in agreement with experimental 
data [13] and the qualitative considerations of [5]. 

In convective heat transfer from the heated cata- 
lytic surface we find that the problem of the ignition 
of the reacting gas reduces to the solution of a system 
of equations from hydromechanics, heat conduction and 
diffusion: 

g 

O~u Ou Ou (' Ou 
- - U  Og ~ Ox Og ~ dg, (16) 

0 

g 

_ ( oo oo l" o. 0 ~ e __ Pr  u Og ~ ~ Ox Og ~) ~x ] - - a c e x p 0  (17) 

0 

g 

Og ~ c?x Oy ~ O x  - - ~ r  exp0 . (18) 
0 

In d e r i v i n g  s y s t e m  (16)-(18)  we a s s u m e d  tha t  g = 
= P0T/T0, p = P0T0/T and X = XoT/T~, and as  in [10] we 
used  the D o r o d n i t s y n  t r a n s f o r m a t i o n  [6], As  in [10], 
hav ing  i n t roduced  the t h i c k n e s s  of the h y d r o d y n a m i c ,  
t e m p e r a t u r e ,  and d i f fus ion  bounda ry  l a y e r s ,  we w r i t e  
the  b o u n d a r y  and in i t i a l  cond i t ions  fo r  s y s t e m  (16)-(18)  
in the  fo rm:  

u(x, 0 ) - - 0 ,  u(x, 5 ) = 1 ,  

0 (x, O) = O, 0 (x, al)  = - -  Oo, 

c(x, 0 ) = 0 ,  c(x, A2)---1, 

a (0) -- ~ (0) - a~(0) = 0. ( t9) 

F o r m u l a s  (13) and (14) fo l low f r o m  (7) and (8) of [10] 
when e = 1. C o m p a r i s o n  of f o r m u l a s  (13)- (15)  wi th  
the  c o r r e s p o n d i n g  f o r m u l a s  d e r i v e d  with a c o m p u t e r  
[11, 12], ha s  d e m o n s t r a t e d  tha t  they  d i f f e r  l i t t l e  f r o m  
the  exac t .  In p a r t i c u l a r ,  e x p r e s s i o n  (13) fo r  ~0 >- 10 
y i e l d s  n u m e r i c a l  d a t a  v i r t u a l l y  c o i n c i d e n t  when fl = 0 
with the  n u m e r i c a l  d a t a  of r e f e r e n c e  [12], whose  

To so lve  the  bounda ry  p r o b l e m  (16)- (19)  we use  the 
m o d i f i e d  Shvets  method  [14]. The  h y d r o d y n a m i c  p a r t  o 
of the p r o b l e m  has  been  so lved  in [14], whe re  A = 
= 4(x) ~yz was  found, a s  was  the v e l o c i t y  p r o f i l e  u(x, y). 
Le t  us  so lve  the  equat ion of hea t  conduct ion  and d i f fu -  
s ion  in a m a n n e r  ana logous  to the  way th i s  was  done in 
[10] and a s  done above  fo r  the  c a s e  of  conduc t ive  hea t  
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t r ans fe r .  Dropping the 
wri te  the final resu l t s :  

in te rmedia te  calculat ions,  we 

PRO,,' l )+ 
03"--- 4~7;-V'-x'-A~ dx 4x 

,~a 

C2 
sc 4( ) 

48 V"xA~ A21 dh~dx 4xl 

au [ 2 p r A 2 0 o  ~ ,[2+ O~ )] +Fy' Aa , 

A~-- 64xa/~ ( 963SO/~x) 
1 +  

Pr 7Pr Oo ~ 

963~? LSc 1/a x '] A s = 64xa/2 I + (22) 
s---T- 7--ffgr0  

The d is tance  x = x , ,  at  which the approximate  Z e P d o -  
vich [8] ignit ion condit ion is sat isf ied,  is equal to 

Pr Sc-V~ 04 [1 8 ] 
x, = 43(30o _ 8 )  7(300 ---8) (3--~/0~ ' (23) 

while the fo rmula  for  the th ickness  of the heated l ayer  
has  the f o r m  

41/F** [ 1 +  8 ] .  (24) 
51* = /~1 (X$) - -  prl/a 7 ( 3 ~ - -  8)_ 

We see f r o m  fo rmula  (24) that, fo r  the nonreac t ing  gas,  
when 0 < x -< x ,  the th ickness  of the t e m p e r a t u r e  bound- 
a ry  l ayer  d i f fe rs  little, fo r  00 >> 1, f r o m  the th ickness  
of the t e m p e r a t u r e  boundary  l ayer  [14]. Compar ing  x ,  
fo r  P r  ~ Sc ~ 1 and yO o << 1, which is the case  for  many 
reac t ing  gases ,  with fo rmula  (20) of [10], we see that, 
on ignition of the catalyt ic  sur face ,  x .  is approximate ly  
g r e a t e r  by a f ac to r  of 00 than the quantity x .  de t e r -  
mined there .  So g rea t  a quanti tat ive effect  cannot be 
explained by the comple te  combust ion  of the reagent .  
Compar i son  of (22) of [10] with the numer ica l  data  d e -  
r ived by means  of the compute r  [15] demons t r a t ed  that  
even in a r eac t ion  of the second o rde r  the complete  
combust ion  of the reagent  i n c r e a s e s  the magnitude of 
x ,  only by 30%. The fac to r  r e spons ib le  fo r  the con-  
s iderab le  exaggera t ion  of x .  is the fact  that  the c a t a -  
lyric su r face  s e r v e s  as  a s i nk fo r  the r eac t ing  substance.  

In conclus ion we note that  there  a re  no fundamen-  
tal diff icul t ies  in de te rmin ing  x .  o r  the o ther  ignition 
c h a r a c t e r i s t i c s  by the modif ied Shvets method [14] for  
any s u r f a c e s  of rotat ion;  however ,  the fo rmulas  and 
ca lcula t ions  a r e  m o r e  c u m b e r s o m e .  

Let us examine the ignition of a r eac t ing  gas on a 
heated ca ta ly t ic  su r face  in the ease  of f r ee  convection.  
Phys ica l ly  this  p rob lem is fo rmula ted  as  in [10] for  the 
ignit ion of a r eac t i ng  gas on a noncata lyt ic  sur face .  As 
in [10], we a l so  a s s u m e  that the t he rm ophys i c a l  eoe f -  
f ie ients  a r e  constant ,  and that  in the hydrodynamic  
sense  the r e a c t i n g  gas is i ncompress ib l e .  Ma thema t i -  
cal ly,  the p rob l em reduces  to the solut ion of the s y s -  
tern of equations:  

INZHENERNO, FIZICHESKII ZHURNAL 

0e = (25) 
0 

00;0  ): 
O'q 3 O~ O ~  i--d~-d~ ' acexp0, (26) 

0 
-q 

0n 3 0g On , ~ e x p 0  . (27) 
0 

Having introduced the th icknesses  of the the rma l  and 
diffusion boundary  layers ,  w e  wri te  the boundary and 
initial conditions in the form:  

U(~, 0 ) = U ( ~ ,  A 0 = 0 ,  0(~, 0 ) = 0 ,  

o (~, &) - :  - -  Oo, c (~, o) = o,  c (~, 52) = 1, 

a l  (0) = 53 (0) = O. ( 2 8 )  

We solve the boundary p rob lem (25)-(28) by the Shvets 
method [1]. Omitt ing the in te rmedia te  calculat ions ,  
we p roceed  at once to wri te  the final resu l t s :  

Pr 0~i * I] ~ ~1 + 1 . )  d~_..___k_1 + oo (3o5  
Odt /  r~, 

C 2 

__z__. AF1 dA~ X 
dE 

I1 d52 
l0 52 d 

X~/ 51 dA2 1 
a2 + -2 -- 

Sc 0o~1 a 
- -  X 

45~ 

AF ~ d 51 
4 d~ ] 

1 
+ - - x  

9 

dS1 ) ]  _ a'~ ScSla 
d ~ Pr 52 0~ 

[ ( x 2 .  2 +  5~ ] \ 51 ) ] + H n ,  (30) 

/~1 = a l~  1/4 "31- ~2~ 1/2 -J- 33~ 3/4 -~- . . . .  

52 = ~1~ ~/4 + 92~/2 + ~p/4  + .... (31) 

256 Oo 8 D~ 
~* = a3a 6 (110o - 32) ~' (32) 

Unlike the p rev ious  cases ,  he re  the different ia l  
equat ions for  the de te rmina t io  n of/x 1 and A~ a r e  solved 
by the method of expansion in se r i e s ,  as a r e su l t  of 

= ( 9 6 0  ~1/4 
which we found 31 \ ~ ]  , 32=[3 . .=0,  and 

320a where  fil is defined by the equa t ion  
% 11P ~100 s ' 

(33) 

This  equation can be solved by the method of i te ra t ions  
[16]. When P r  = Sc f r o m  (33) we obtain fil = a v  The 
f i r s t  t e r m s  in (31) yield values of Ai and A2 for  non- 
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r e a c t i n g  g a s e s ,  within the f r a m e w o r k  of the  second  
a p p r o x i m a t i o n  of Shvets.  

In d e r i v i n g  the f o r m u l a s  fo r  ~ , ,  w h e r e  ~ ,  is  the  d i s -  
t ance  f r o m  the edge of the p l a t e  at  which the Z e l ' d o -  
r i c h  [8] ign i t ion  condi t ion  is  i n i t i a l l y  s a t i s f i ed ,  we lef t  
only the  p r i n c i p a l  t e r m  of the expans ion  of ~ .  in p o w -  
e r s  of 00 -~. Knowing ~ , ,  we e a s i l y  find tha t  when 0 < 
< } -< ~ .  the t h i c k n e s s e s  A~ and A2 d i f f e r  l i t t l e  f r o m  
the  c o r r e s p o n d i n g  quan t i t i e s  fo r  n o n r e a c t i n g  g a s e s .  

If we s e l e c t  the  m a x i m u m  ve loc i ty  U = Ulm of the 
l iquid p a r t i c l e  a s  the  c h a r a c t e r i s t i c  ve loc i ty ,  then, 
knowing ~ . ,  we can  e a s i l y  find the m i n i m u m  t i m e  of 
t h e r m a l  con tac t  be tween  the r e a c t i n g  gas  and the  hea ted  
s u r f a c e - - t h e  t ime  r e q u i r e d  l 'or the ignit ion:  

L 2 I 

% =  P-- -~  U--- -~-- -  l lPra~  i + . (34) 
o 

The quantity UI m = 00A~/9(3)1/2 was found as a maxi- 
mum of the function UI(}, r?) determined from the sec- 
ond of the formulas of (30) in [10], while the thickness 
of the thermal boundary layer was determined from 
the first of the formulas of (31). For the ignition of a 
noncatalytic surface, by means of formulas (30) and 
(36) of [I0] we obtain 

33 ~30~ I n ( l +  16 ) 
% = 1 6 ~  , 110o-- 16 

~ 0,3t/-3-0~ (1 +11@o) ' (35) 

C o m p a r i s o n  of (10) and (35) d e m o n s t r a t e s  tha t  z, 
f o r  f r e e  convec t i on  i s  g r e a t e r  than ~, fo r  conduc t ive  
hea t  t r a n s f e r  by a f a c t o r  of a p p r o x i m a t e l y  two, which 
i s  a p p a r e n t l y  exp la ined  by the  l o w e r  r a t e  of  h e a t  t r a n s -  
f e r  f r o m  the  hea t ed  s u r f a c e  to the r e a c t i n g  gas  in  the 
c a s e  of f r e e  convec t ion .  

C o m p a r i n g  (34) with f o r m u l a  (35) fo r  P r  = Sc = 1 
and 00 >> 1, we see  tha t  % on ign i t ion  of the  c a t a l y t i c  
s u r f a c e ,  a l l  o t h e r  cond i t ions  be ing  equal ,  i s  g r e a t e r  
t han  the m a g n i t u d e  of (35) by a f a c t o r  of 00, s ince  f r o m  
f o r m u l a  (34) when P r  = Sc = 1 we have  z, ~ 0.3(3)1/200 ~, 

If i n s t e a d  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  
[4] fo r  e x p ( - E / R T )  we use  the  m o r e  e x a c t  a p p r o x i m a -  
t ion 

exp - -  ~ e x p ~ l - - ~ ( ~ e x p 9  + .... (36) 
~+~e 

va l id  when fl << 1, the p r i n c i p a l  t e r m s  in f o r m u l a s  (10), 
(23), and (34) i n c r e a s e  by a f a c t o r  of (1 - 6fl) - t ,  whi le  
the  p r i n c i p a l  t e r m s  in f o r m u l a s . ( 1 1 ) ,  (12), and (24) i n -  
c r e a s e  by a f a c t o r  of (1 - 6fi) -1/2, which fo r  s m a l l  fi 
i s  i n s ign i f i can t .  Wi th  the  Shvets  me thod  we can  f ind 
the  c h a r a c t e r i s t i c s  of ign i t ion  a s  wel l  fo r  the  e x a c t  
func t ion  e x p ( - E / R T )  in the  s a m e  m a n n e r ,  f o r  e x a m p l e ,  
a s  f o r m u l a s  (21) and (22) of [10] w e r e  found; h o w e v e r ,  
in  th i s  Case they  a r e  r a t h e r  c u m b e r s o m e  in f o r m .  

In c o n c l u s i o n  we note  that  the  f o r m u l a s  which  we 
found f o r  the  c h a r a c t e r i s t i c s  of ign i t ion ,  in v iew of the  
a s s u m p t i o n s  adop ted  in t h e i r  d e r i v a t i o n ,  a r e  va l id  
only  for  m o d e r a t e  v a l u e s  of L, P r ,  and Sc and when 

L << 1, P r  << 1, Sc << 1 o r  L >> 1, P r  >> 1, Sc >> 1, they 
lose  s ign i f i cance .  

NOTATION 

0 -- (T - T c) E/RT2c is  the d i m e n s i o n l e s s  t e m p e r a -  
ture ;  E i s  the  ac t i va t i on  energy;  R is  the u n i v e r s a l  gas  
cons tant ;  T c i s  the t e m p e r a t u r e  of the hea ted  c a t a l y t i c  
su r f ace ;  00 = (T c - T 0) E/RT2c; To i s  the in i t i a l  t e m -  
p e r a t u r e  and the t e m p e r a t u r e  of the r e a c t i n g  l iquid ou t -  

yt 
s ide  of the boundary  l aye r ;  x -  x~ ( ~  j '  p @x, - 3 - , y  = ~- ~- 

o 

XoRT ~ exp R~e ; ~=x~(g~~ 

"q = Yz (g ~o RT~/E .~2)1/3, a r e  d i m e n s i o n l e s s  c o o r d i n a t e s ;  1 i s  
a c h a r a c t e r i s t i c  d imens ion ;  x~, Yl, ~, a r e  d i m e n s i o n a l  
c o o r d i n a t e s ;  ko i s  a p r e - e x p o n e n t ;  ~0, #0, and P0 a r e  
the  coefficients of t h e r m a l  conductivity, viscosity, and 
d e n s i t y  for  T = To; Re = u~, l /v  i s  the Reyno lds  num-  
ber ;  uoo is  the u n p e r t u r b e d  ve loc i ty  of the flow; v i s  the 
k i n e m a t i c  v i s c o s i t y ;  T = ql%Et/cpRT2c e x p ( - E / R T  c) is  
the  d i m e n s i o n l e s s  t ime ;  t is  t ime;  q i s  the  t h e r m a l  e f -  
fec t  of the r eac t ion ;  ~', i s  the hea t ing  t ime;  A, A1, and 
A 2 a r e  the t h i c k n e s s e s  oi  the h y d r o d y n a m i c ,  t e m p e r a t u r e ,  
and d i f fus ion  boundary  l a y e r s ;  P r  = v / ~  is  the P r a n d t l  
number ;  ~4 is  the coef f i c ien t  of t h e r m a l  d i f fus iv i ty ;  
L = ~ / D  is  the L e w i s - S e m e n o v  number ;  D is the c o e f -  
f i c i e n t  of c o n c e n t r a t e d  diffusion;  fl = a T e / E ;  3 / = 
= cpRT2c/qE is  a d i m e n s i o n l e s s  p a r a m e t e r ;  Cp is  the 
hea t  c a p a c i t y  at  cons tan t  p r e s s u r e ;  Sc = v / D  is  the  
Schmidt  number ;  a = qEk0c0/X0RT2c (EvZ/gfloRT2) 2/3 
e x p ( - E / R T  e) is  a d i m e n s i o n l e s s  p a r a m e t e r ;  a = 
= qEk0c0lP/RT~cu~Cp e x p ( - E / R T e )  i s  a d i m e n s i o n l e s s  
p a r a m e t e r ;  U = vx(E/gfl0vRT2c)l/~; u = Vx/Uo~; v x i s  the 
long i tud ina l  componen t  of flow ve loc i ty ;  fl0 is  the c o -  
e f f i c i en t  of v o l u m e t r i c  expans ion;  c o i s  the  i n i t i a l  con -  
cen t r a t i on ;  

+y•  + ~ j ;  

i ( LA z dA~ 2L'~AI 2 \ 

Oo F Prh~ X'( d ~ l  1 2~I"~13__] . 
C=---~-x[l'~48-~x: All  dx 4 x ) - -  0o4A2 ] '  

dx - -  4----~ + 

�9 2ay Sc A~ q 
+ 

Pr 03 As J ; 

% ( 2aA~ Pr{}oA ~ d Al ) 
a = - ~  l +  ar - 4---Y- d~ ; 

,{ H = ~ - -  2 1 + ~  
Oo$CA~ 

X L 45&~ d 
1 dAx 

4 ~  d ~  
A~ d A~ 
to d~ 

�9 l +-~- A1 d A s  l dA1 ]] 2ayScA~ 
+ 5 -  d---V]j + ~  " 
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