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The article constitutes an analytical investigation of an unsteady 
(due to a change in the boundary of the porous body) laminar bound- 
ary layer. There is a chernical reaction (for infinitely large rates of 
heterogeneous and homogeneous reactions) between the wall surface 
material together with the injected material and a coolant contained 
in the external flow. For the particular case Pr = Sc i = 1, a solution 
in closed form is obtained for problem (31)-(32). 

When applying boundary layer  theory to l a m i n a r  
flows with chemical  r eac t ions  it is usual  to take into 
account e i ther  the r eac t ion  of an oxidizer  be ing f i l -  
t e red  through a chemica l ly  ine r t  porous  wall  with the 
gas of the ex te rna l  s t r e a m  [4-6], or breakdown of 
the m a t e r i a l  of the body surface  (subl imat ion,  c o m -  
bust ion,  etc.  ) in the absence of insuff la t ion [2]. 

In the p r e sen t  paper  both phenomena  are taken 
into account,  i . e . ,  an analyt ical  inves t iga t ion  is  p e r -  
fo rmed  for cases  in which a coolant  is  blown through 
a porous  wall  or  the coolant  and the wall r e a c t  
with the l a m i n a r  boundary  l aye r .  S imi lar  solut ions  
have been  obtained for the case of blowing of hydrogen 
through a porous  graphite  wall  washed by a un i f o r m  
s t r e a m  of a i r ,  chemical  r eac t ion  of the graphite  and 
hydrogen with the oxygen of the ex te rna l  s t r e am,  i . e . ,  
combust ion,  occu r r i ng  at the body sur face .*  Here i t  
is  a ssumed  that the high t empe ra tu r e  condit ions wil l  
effect equ i l i b r ium for the he terogeneous  r eac t ion  

2C + O8 = 2CO (a) 

and for the homogeneous reaction 

2H~ -F O~ = 2H~O (b) 

occu r r i ng  in an inf ini te ly  thin zone at the body surface ,  
cons ide red  as a sepa ra t ion  sur face .  As a r e s u l t  of 
in t e rac t ion  of the hydrogen and the graphite  of the wall  
with oxygen of the a i r  at the body sur face ,  only water  
and ca rbon  dioxide wil l  be formed,  r e spec t ive ly  [3], 
these r eac t ions  p roceed ing  both in the boundary  l ayer  
and within the wall  (in a mix ture  with an i ne r t  c o r n '  
ponent,  i . e . ,  n i t rogen) .  We cannot cons ider  the equa -  
t ions  of in te rna l  m a s s  t r a n s f e r ,  s ince the weight 
f r ac t ion  of the gases  e n t e r i n g  the wall  dec r ea se s  
rapidly ,  and has no inf luence on the concen t ra t ion  d i s -  
t r ibu t ion  in the boundary  l aye r .  The ra te  of inflow of 
oxygen co r re sponds  to the s to ieh iomet r ic  va lue  r e -  
qu i red  for full  oxidation of hydrogen and carbon,  as 
a r e s u l t  of which the concen t ra t ions  of H 2 and O 2 in 

*Laminar flow of a l iquid and gas in a nonreac t ing  
boundary  l aye r  with s t rong  surface  separa t ion  has 
been  inves t iga ted  in detai l  [] ,  2]. The p r e s e n t  pape r  
examines  condit ions at the sepa ra t ion  surface  co inc id -  
ing with the boundary  of the body, in the p r e s e n c e  of 
chemica l  r eac t ions .  

the r eac t ion  zone tend to zero.  The volume poros i ty  
P of the wall is equal to the surface  value ,  and we 
may neglec t  the thermodif fus ion  effect.  In addition, 
close to the wall sur face ,  i . e . ,  in the high t empera tu re  
zone, the r eac t ion  of H~ with C, fo rming  C2H 2 (or 
C~H 4) is poss ib le .  These gases become oxidized, as 
was t rue  in r eac t ions  (a) and (b), to give CO and H20. 
Consequently,  the in t e rmed ia t e  r eac t ion  of H 2 with C 
(whose r a t e  W-  ~ 0, s ince  C C ~ 0 as a r e s u l t  of r e -  
act ion (b)) has no inf luence on the t he rma l  effect, and 
need not  be cons idered .  

In accordance  with the p r oc e s s  scheme being con-  
s idered ,  there  is no hydrogen in mo lecu l a r  fo rm in 
the compress ib l e  gas s t r e a m ,  and there  is no 02 c o m -  
ponent  within the porous  wall .  Therefore ,  the fol low- 
ing gases  will  be found within the volume of the bound-  
ary  l aye r :  02, H20, CO and N 2. It is c l ea r  that these 
components  may be divided into th ree  d i s t inc t  groups 
as r e ga r d s  mo lecu l a r  weight, and therefore  we have 
to  c o n s i d e r  mul t i - componen t  diffusion for an accura te  
descr ip t ion  of the p r o c e s s .  

If we cons ider  a gas mix ture  cons i s t ing  of N c o m -  
ponents  (for the condit ions examined  N = 4), this  
p r o b l e m  reduces  to solut ion of a s y s t e m  of equat ions  
for  an uns teady r eac t i ng  boundary  l aye r  

-~xP+ div (p v) = 0, (1) 

o d ~  IL , (2)  

o ( o o,  oc, ], i = i ,  2,3,  (3) 
o d~- oy ,, ay # 

d._ o [ / 
d~ ay [ P r  \ O y ]  + 

a 
+ .  

N~4 

i=1 Lei I ay ] '  

N = 4  

y c,=i, 
i= l  

supplemented  by an equat ion of s tate  

N=4 

i : I  

(4) 

(5) 

(6) 
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and the equat ion for  heat  conduction in the porous  wall  

OTz a (Lx orx I - -  OTz (7) 

Here  C i (C i = Pi/P) is  the w e i g h t  concen t ra t i on  of the 
i - th  gas component ;  H (H = h + u2/2) is the total ,  and 

N T 

o~ ( h == X h: Ci) the static enthalpy;  h; ( h; = ~ cmdT + h,.) 
i ~ l  To 

is  the enthalpy of component  i; h i is the enthalpy of 
fo rmat ion  of the component  at t e m p e r a t u r e  To; p z ,  
cpZ(Cpz = cpZP Z) and X Z are ,  r e spec t ive ly ,  the 
effective densi ty ,  vo lume heat  capaci ty at cons tant  
p r e s s u r e ,  and the rma l  conduct ivi ty  of the porous  wall ,  
as de t e rmined  f rom the r e l a t i on  

~ = (1 - - P )  ~c + P~H, (8) 

where ~ -: c ~ ,  p, andk. 

In wr i t ing  (7), it  was a s sumed  that the c h a r a c t e r -  
i s t ic  length of the tes t  body is  la rge  enough in corn-  
a r i s e n  with the th ickness  of the t he rma l  boundary  
l ayer  in the porous  wall ,  i . e . ,  8/8x << 8/8y. 

Boundary  Condit ions at the Wall .  Taking into 
account  that the C and H components  of the sur face  
take pa r t  in the he te rogeneous  and homogeneous r e -  
act ions ,  we shal l  f ind the mean  m a s s  f luxes J i  (i = 1, 
2, 3, 4, H, C) be ing fo rmed ,  and also the dependence 
between J i  and the s to ich iomet r i c  coeff icients  rK:  

for  r eac t ion  (a) 

2mc dc mc Jc 
. . . . .  (9) 

rn x j c '  ru rn 2 j , 

for r eac t ion  (b) 

2m. J .  t% J .  
q . . . . . .  (10) 

/7/1 j H  ' r I I I  m a  J a  

(Subscripts  1 , 2 , 3 ,  4, H, and C denote, respectively_, 
components  02, CO, H20, N~, H~ and C, Jl  = j C  + jH) .  

We shal l  des ignate  r = z -1. Then,  f r o m  the law of 
conse rva t ion  of m a s s  in r e ac t i ons  (a) and (b), we 

mus t  have z + ZlI = 1, z I + z l n  = 1. 
In the gene ra l  case  the flux ffi may  be r e p r e s e n t e d  

in the form 

J;=p(v--V)Cv,+]~ ( i =  I, 2, 3, 4), (11) 

where V is the ve loc i ty  of d i sp lacemen t  of the body 
surface  and Ji i s  the diffusion flux (Ji = - PDi- 0Ci/3Y). 
It should be noted that in  the given coordinate  sys t em,  
the vec to r s  V < 0 a n d j  1 < 0, and the d i rec t ions  of the 
fluxes Jl and Ji (i = 2, 3,4) a re  opposite.  Also J1 = Jl, 
s ince Cls = 0. Summing equat ions  (14) over  the s u b -  
s c r ip t  i (i = 1, 2, 3, 4), we obtain the condit ion for e o n s e r -  
vat ion of mas  s of the m i x t u r e  at the s epa ra t i on  su r face  

9(v--V)  = Jx, (12) 

where  J z i s  the total  flow ra te  of the m a t e r i a l  abla t ing  
f r o m  the porous  wall  and of coolant  f i l t e r i ng  through 

it .  Since (PHVH)e = (pv)~ and pE = PPs + Pc (1 - P), 

we have 

dx=P97(  V~Sp - - V ) - - ( I - - P ) V P c  

= (9u vH)~ - -  9z V. (13) 

When P = 0, JX = - Vps,which co r re sponds  to the 
case of ablat ion of a solid wail ,  for  example when 
it sub l imates  [2] or bu rns .  If P = 1, JE = ps (vs  - V), 
and (12) t r a n s f o r m s  to the o rd ina ry  fo rm []].  

It is c l ea r  that 

Jc = --(1 - -  P) Vgc. (34) 

Since C H = 0 and JH = JH at the wall in l a m i n a r  
flow, we have therefore  the following analy t ica l  ex -  
p r e s s i o n  for de t e r mi n i ng  the mean  flow ra te  of hydro -  
gen f r o m  a uni t  su r face  of the body: 

= - -  9 DH ~-y.-Jw " 

However,  s ince the d i s t r ibu t ion  of the concen t ra t ions  
of gases  within the porous  wall  is  unknown, we d e t e r -  
mine  the n u m e r i c a l  va lue  of JFI to be 

-- [ ~)He j~=vpH~l T- --v) =(t)H%).--Pv9n.. (15) 

Using the r e l a t i ons  (9)-( ]5) ,  we can wr i te  down 
the boundary  condit ions at the body sur face :  

9 (v - -  v) = (Pu %L - -  9z V; (16) 

u=O, C1=0, Ci=Cis (i= 2, a, 4), 

Y = r x = Ts; (17) 

- 1 ,  = ~-lJc + rT' J . ,  q~[pO-Y)C~-vjd=Jc, 
rill [P (O - -  V) Cas + ]u] = JH; (18) 

p(v--V)Q(Ts) = )~x OTz X OT (19) 
@ ov 

Here  Q(T s) is  the heat  of r eac t ion  dur ing  bu r n ing  of 
hydrogen and of the graphi te  wall: 

Q (Ts) = Q~c Jc/Jx + Q~H JH/Jx , 

where  J z  = JC + JH; QRC and QRH are ,  r e spec t ive ly ,  
the heat of r eac t i on  pe r  un i t  m a s s  of carbon  and hyd-  
rogen.  Bear ing  in mind  r e a c t i ons  (a) and (b), we f ind 

~ 1  m 2  
Q~c = hc + 2m~ h i - - -  mc h~, 

% u = h H +  m l  h i - -  ~ h~. 
:~/TI H fn  H 

In de t e r mi n i ng  the densi ty  Ps of the gas mix tu re  at 
the body surface  in the porous  wall ,  which en t e r s  as 
a fac tor  in (8), (13), and (14), i t  should be r e m e m b e r e d  
that CHs = Cls = 0, CHe = 3. Then, f rom the equat ion 
of s tate  (6), taking into account  the l a s t  inequa l i t i es ,  
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we have, for  the mixture  of gases  inside a porous  
wall,  

R T), P" = m--~ (~" C~ 

p~-=PsTs E C~-[ ( / = 2 ,  3, 4). 

Since v~ = (PHe/P~)VHe and Pe = Pg, there fore ,  

[ TS m ~t-~ Cis / -z  Ps-=P,~t~- ' H~. -~-// (i=2, 3, 4). 

The f i r s t  t e r m  in (16) obtained by summat ion  in 
(9) and (10) of the re la t ions  with coefficient  r and r I, 
is the s to ich iomet r ic  re la t ion  between the flow ra t e s  
of components  of the porous  wall (carbon Jc  and the 
f i l te red  hydrogen JH ), n e c e s s a r y  for  full oxidation 
of these by the flux Jl of oxygen. 

The boundary conditions in the s t r e a m  at infinity 
are  

u = u~o, H = H~, 

C,=C,= ( i= l ,  4 ) ,  C~=Ca=0 (21) 

and in the porous  wall at infinity 

Tz = T e . (22) 

If we cons ider  this kind of ablation r eg ime ,  when 
hydrogen is supplied through a flat plate accord ing  to 

~"<= 2~, t - - ~ ]  ' (23) 

and the r a t e  of d i sp lacement  of the surface  Of s e p a r a t -  
ion of the phases ,  V, is a function only of coordinate  
x (correspondingly  V ~ x-i/2), and does not depend on 
t ime,  

v = o~ [ ~ ,,,. ~'/' A (A < 0), ~4)  
2p:~ x ] 

then in solving s y s t e m  (1)-(7), with boundary con-- 
ditions (16)-(19),  we m a y  use the following var iab les  }:',]: 

t, ~ = ,p~ (,1, *), 

7,~= -~,,l ( u.x"" , l ' / ' [n%--~(n' ~)+ ~ A ] 

[ tt** ~V= 

(25) 

where ,  accord ing  to (7), (17) and (22), the function 
007 E) is a solution of the boundary p rob lem 

d [L(0)d_O0]+N(0)  dO = 0 ,  
d~z a~izJ d~;~ 

o(o)=  Ts - -  = n ,  0 e = I ,  
T, 

(26) 

i , e .  , 

f L(O)dO 
~lz = M(O) ~ M ( ! ) '  

Here 

dO = M(1)--  M(0) . (27) 
d ~1= L (0) 

N (0) = N (0) - -  ~ (0~ (Pr~ cpH), B 
" ' ~ A '  

pgCpg = (pgCpg), $ (6) = (9H CpH), $ (0), 

LZ = Z,~, L(0), p~cp~ = (pzcp~), N(0), 

M (O)= ~ N (O)clO. 

In o rder  to elucidate the meaning of the d imens ion-  
less  constants  A and B in (23) and (24), we shall find 
the m a s s  flow ra te  of carbon,  GC, and hydrogen,  GH, 
at the surface of a porous  plate of length l" 

t 

~ = ~ s c dx = (P-- 1) Kc ~_-_. A, 
K I /Pc= 

0 

l 

GH= (ifi) dx = (B--  PA) V r ~ ,  
0 

where  K is the insufflation p a r a m e t e r  (K = PHe/PE); 
K C = pc/p Z ~ 1, Re~  =u~pool/tls~,u = p~ u~ K1. 
Hence 

A = [(P - -  1)K c u] -~ G c K ]flR--e-~-~, 

B = G H ~ f R ~  u -~ + PA. 

Substituting (23)-(25) into (1)-(7) and boundary 
conditions (16)-(19) we a r r ive  at the following bound-  
a ry  p rob lem:  

o ( -  o~)  ,p o~ 
0-~ ! ~ - - ~  + 2 Oi I 0, 

o ((, oc,] ~ oC,_o 
o ,~ t g-~, -o-q l + 2 o,1 

( i = l ,  2, 3), 

o L[oM l) o ( , , ,  
On { Pr L0~I -k-u~(pr 

_ _ + 

N~4 

+ E (Lee--1)h~ OCi]l ~ OH 
~=, O~J!  + 2 0 4 

- -  0 ;  (28) 

u(oo) = 1, tt(0) = 0, //(oo) = H~, Cx(r ) = C1~, 

Ci(oo ) = 0  ( i=2,  3), 

(0, "O = --  B*, 2 p D1 0C1 --Jc _{_ JH , 
~r O, I r r~ 

rII [ 2 p D" OC~ ] 

rm[2  pDs 0Ca q-•(0, ,)Czs] =J  ., 
F~ O'q 
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q ~ ( O ,  r)Q(Ts) = C2::(Ts0 7~ 4 M(1) - -M(n)  + 
N (n) 

N ~ 4  

+ (29) 
~=~ O~J 

where  

J c = ( P - - I ) K c A ,  J H = K ( B - - P A ) ,  B * = B K - - A .  

As has been  shown in r e f e r e n c e  [2], the m o m e n t u m  
equat ion  in (28) is  v a l i d  only for  suf f ic ien t ly  s m a l l  
in i t i a l  va lue s  of t ime  (of the o r d e r  of s e v e r a l  tens  of 
seconds) .  In the condi t ions  e x a m i n e d  th is  l i m i t a t i o n  
i s  ex tended  a l so  to the r e m a i n i n g  r e l a t i o n s  of s y s t e m  
(28). The boundary  condi t ions  (16)-(19) ,  wr i t t en  in 
t e r m s  of the new v a r i a b l e s  {23)-(25), a re  s a t i s f i e d  
exac t ly ,  and t r a n s f o r m  to the f o r m  (29). In d e r i v i n g  
(29) i t  was a s s u m e d  that  PZe = PZ s = PZ. 

The equat ions  of momen tum and e n e r g y  (28) a r e  
of the t h i rd  o r d e r  (s ince ~ ' f f=  q~) and second  o r d e r ,  
r e s p e c t i v e l y .  Each  of the t h ree  di f fus ion equat ions  
i s  of second  o r d e r .  In addi t ion,  the two quant i t i es  
T s and C4 a r e  as  y e t  unknown. Re la t i ons  (29), t o -  
ge rber  with r e l a t i o n s  (5) and (6), give t h i r t e e n  con -  
d i t ions .  

Cons ide r ab l e  m a t h e m a t i c a l  s i m p l i f i c a t i o n s  occur  
for  P r  = Se i = 1 and pp = const .  In th is  case  so lu t ions  
of the difbasion and e n e r g y  equat ions  of s y s t e m  (28) -  
(29) have the f o r m  [21 

c~ =c,s+(6~--c,~)F*(g ( i =  ~, 2, 3), 

H = Hs + (H~ - -  Hs) u (rl), (30) 

and, t h e r e f o r e ,  ff H s "and Cis a r e  known, the p r o b l e m  
r e d u c e s  to d e t e r m i n i n g  the ve loc i t y  f i e ld  ~" = ff0?), 
i . e . ,  to so lu t ion  of the m o m e n t u m  equat ion .  

The p r o b l e m  {28)-(29) may  be s i m p l i f i e d  by i n t r o -  
ducing the ne~, d e s i r e d  funct ion co = ~a~/aT?, and by 
us ing  ~ as  the inaependent  v a r i a b l e  [1]. Then 

2 , , : , ~ "  + ~ ~ = o, 

(mTi)' + ~ ' c ;  = o (i = l, 2, 3), (31) 

(o Pr 1 - -  u~u + 

+ h, + ~  + = o; 
i = l  

to(1) = 0, co'(0) = I/2B*, 

H ( 1 ) = H ~ ,  C ~ ( I ) = C ~ .  C~(1)=0 ( i = 2 ,  3), 

- -  2~ ~o (o) = ,'-~7 c + rT j 2 K, 

2 Q I ] 2 = J  c, 2rmTs=]  u, 

2(o' (0) Q (rs) = T~cw. (Ts) A M (n) - -  M (1) 
N (n) 

N = 4  

Pr(Ts) 
i = !  

(32) 

where  

J~ = ~ ( 0 )  + o , ' (0 /qs  (i = 1, 2, 3). 

(In (31), (32), and subsequent ly ,  d e r i v a t i v e s  with 
r e s p e c t  to 9 a r e  denoted by p r i m e s ) .  

The s y s t e m  (81)-(82)  m u s t  be supp lemen ted  by  
(N - 1) r e l a t i o n s  g iving the f luxes  ~ as  a funct ion 
of the b i n a r y  d i f fus ion  coef f ic ien t s  DiK and the p a r e -  
m e t e r s  C i,  C i, m i [91: 

~ _  ~=~ c K j~. J~ ) 

9 , mKDi,< I ~  ~ -- 

'<=~ c~ ( c;~ c;)  k + i ,  
=2m--~ c~ 6 '  

N = 4  

i =  l, 2, a, (33) 
i=1  

and als  o r e l a t i o n s  g iving the p h y s i e a l  coef f ic ien ts  of the 
g a s e s  as  a function of t e m p e r a t u r e  and concen t ra t ion  [7]: 

~i=b(m~T)~ a-/-2, ~ = c mi I~ R (  4~ R + 3 ) ,  

D m = d iT ~ (m~ + mK)/2mimK]~ p-1 a-i~2 ' 

N ~ 4  N ~ 4  (Cdmi) L~ (G/m~) ~ ,~ = ~, 

i=~ ~ FiK mK ~K 
K = I  K~L  

N--4  

c m = b -f- cT -}- d/T 2, cp = E cmCu (34) 

where  a i is  the d i a m e t e r  of the mo lecu le ;  CriK = (a i + 

+ ~K)/2; F i i  = FKK = 1; F iK  = 1, 2(CriK/aii )~ [2mK/  
/ ( m  K + mi ) ] l /~  for  i # K; cvi is  the hea t  c apac i ty  of 
the i - t h  component  of the gas  at  cons tan t  vo lume.  
Values  of the coef f i c ien t s  b, c, d and b,  c, d fo r  
c e r t a i n  g a s e s  a r e  given in r e f e r e n c e  [5, 7,9] .  F o r  
the  complex  ~ the  inequal i ty  ~fi"= T n-1 is  v a l i d  [8]. 
F o r  high t e m p e r a t u r e s  n = 1/2. 

Thus ,  i t  i s  r e q u i r e d  to so lve  s y s t e m  (31) of f ive 
equat ions  of second  o r d e r  with f ive unknowns (T s ,  C4 
a n d j i ,  i = 1 , 2 , 3 ) ,  with ten condi t ions  (32), and five 
r e l a t i o n s  (5), (6), and (33). The flux J4 i s  d e t e r m i n e d  
f r o m  the second  equa l i ty  of (33), and the t h e r m o -  
phys i ca l  p a r a m e t e r s  f r o m  (34). T h e r e f o r e ,  we have 
a c lo sed  s y s t e m  of equa t ions ,  boundary  condi t ions ,  
and s u p p l e m e n t a r y  condi t ions ,  which mus t  be so lved  
by m e a n s  of n u m e r i c a l  in tegra t ion ,  al though these  
ca l cu la t ions  a r e  quite c o m p l i c a t e d  for  the given 
p r o b l e m .  

We sha l l  r e s t r i c t  o u r s e l v e s  to the case  P r  = Sc i = 
= 1, #p = cons t .  Then the so lu t ion  of the m o m e n t u m  
equat ion,  a l lowing fo r  the boundary  condi t ion  c0(1) = 0, 
wi l l  be [1] 

-~ - ~ ~ du, (35) (~) = .o ~(.~o), ~ = ~ - ~  

0 
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w h e r e  u 0 a r e  the z e r o s  of the func t i on  co 7. T a b l e s  
of u0(7) and c0y a r e  g i v e n  in [1 ,2] .  

F r o m  the  r e m a i n i n g  cond i t i ons  of (32), t a k i n g  
into  accoun t  (30) and (35), we ob ta in  a s y s t e m  of f ive  
e q u a t i o n s  

uo = 1/2B*, C,~ = 1/2U'oh(r-17c ~- r}-l]n), 

C~s = 7 c [ r n (B* H- 2u0 -~) ]--1, 

Cas = JH [r~H (B* "t'- 2Uo ~/') ] - ' ,  

B*Q (T s ) = TeACp~ " (Ts) M (n) - -  M (1) 
N (n) 

- -  2Uo '/~ (H~ + hlCl~ @ h4C'4~) 

f o r  c a l c u l a t i n g  the  p a r a m e t e r s  Clio, C2s, Cas, T s ,  and 
7 (tg 7 = r S ince  7 = Y(u0), then,  knowing  % we 
can  f ind  u 0 f r o m  t a b l e s .  The v a l u e s  ~" = ~b?) a p p e a r i n g  
in (30) a r e  d e t e r m i n e d  by so lu t i on  of the m o m e n t u m  
e q u a t i o n  f r o m  the s e c o n d  e q u a l i t y  of (35). U s i n g  the 
r e l a t i o n s  

Cf -= 
N~4 

w h e r e  T w = # (au/~y) w,  as  w e l l  as  (30), we  obta in ,  
a f t e r  s i m p l e  t r a n s f o r m a t i o n s ,  the  f r i c t i o n  c o e f f i c i e n t  

c t = 2 u o ' i , / 1 , r ~  

and the h e a t  f lux  at  the  w a l l  

qw = u~'l" ~ u~ ( t t~  - club1 C4|  

Thus ,  f o r  the  s p e c i a l  c a s e  P r  = Sc i = 1 and #p = 
= c o n s t  the  s o l u t i o n  of the  g i v e n  p r o b l e m  m a y  be  

ob t a ined  in  c l o s e d  f o r m .  

NOTATION 

x i s  t he  c o o r d i n a t e  a long  the  f l a t  p l a t e ;  y i s  t he  
c o o r d i n a t e  n o r m a l  to  i t ;  u and v a r e  c o m p o n e n t s  of 

f low v e l o c i t y  a long  x and y ,  r e s p e c t i v e l y ;  R i s  t he  
u n i v e r s a l  gas  c o n s t a n t ;  p i s  t he  p r e s s u r e ;  P r  = p~p /T t ,  

Sc i = II/pD i ,  R e  = pul /# ,  # i s  the  d y n a m i c  v i s c o s i t y ;  

C i and m i a r e  t he  m a s s  c o n c e n t r a t i o n  and m o l e c u l a r  

we igh t ,  r e s p e c t i v e l y ,  of the  i - t h  componen t ;  Ji (Ji = 

= P ig i  = - p D i  �9 8C i /0y )  i s  the  d i f fus ion  m a s s  f lux;  J i  
n o r m a l i z e d  d i f fu s ion  m a s s  f lux  Ti = - s c i - l c i ) ;  ~ = 
= u/u~o; ~ = v/u~o; ~ = p/poo, y = /~ /#~ .  S u b s c r i p t s :  ~o 
s t ands  fo r  cond i t i ons  at the  o u t e r  edge  of t he  b o u n d a r y  
l a y e r ;  w m e a n s  at  t he  w a l l ;  x i s  f o r  the  v a l u e  at the  
g i v e n  c o o r d i n a t e ;  the  s u b s c r i p t  s r e f e r s  to v a l u e s  at 

t he  body s u r f a c e ,  unknown p r i o r  to so lu t i on  of the  

p r o b l e m ;  Z r e f e r s  to m a t e r i a l  of the  p o r o u s  w a l l ,  
t h rough  which  the  c o o l a n t  (hydrogen)  f i l t e r s ;  - and e 

a r e  fo r  cond i t i ons  in t he  p o r o u s  body,  r e s p e c t i v e l y ,  
when  y --~ 0 and y --~ -~o; g r e f e r s  to the m i x t u r e  of  

g a s e s  c o n t a i n e d  w i t h i n  the  p o r o u s  w a l l .  
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