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T R A N S F E R  I N  A R E A C T I N G  L A M I N A R  B O U N D A R Y  L A Y E R  

ON A P O R O U S  C Y L I N D E R  W I T H  P R O P A N E  I N J E C T I O N  
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This  pape r  gives the r e su l t s  of an exper imenta l  invest igat ion of heat  and m a s s  t r a n s f e r  in a 
r eac t ing  l a m i n a r  boundary  l aye r  on a cyl inder  through which propane is  injected for  Re = 48 
�9 104-4.6 �9 104. E m p i r i c a l  equations a re  obtained for  St and St m.  The effect  of injection on 
the wall  t e m p e r a t u r e  and heat  t r a n s f e r  is  shown graphical ly .  

Heat  and m a s s  t r a n s f e r  in the boundary  l aye r  on a porous  wail in the p r e s e n c e  of chemical  reac t ions  
is widely used in modern  technological  p r o c e s s e s .  When the su r face  is p ro tec ted  f r o m  the ve ry  high t e m -  
p e r a t u r e  of the gas flowing over  it by being made of a porous  m a t e r i a l  through which a fuel coolant is in -  
jected,  a boundary  l a y e r  is  fo rmed  on this su r face .  In many  theore t ica l  inves t iga t ions ,  e .g , ,  [1-3], a t tempts  
have been made to solve the p rob lem by adopting va r ious  s impl i fy ing assumpt ions .  There  have been ve ry  
few exper imen ta l  inves t igat ions  in this direct ion.  

Kulgein [4] inves t igated complex p r o c e s s e s  of heat ,  m a s s ,  and momen tum t r a n s f e r  in a turbulent  
boundary  l a y e r  on a porous  cyl inder  through which methane  was injected.  By consider ing the heat balance 
at the wall  he der ived  a d imens ion less  c r i t e r ion  of heat  and m a s s  t r a n s f e r  in the chemica l ly  act ive boundary  
l a y e r  and showed that the d imens ion less  heat  and m a s s  t r a n s f e r  could be co r r e l a t ed  by means  of fo rmulas  
of the fo rm 

Re-~ /T ~0.4 S t=0 .03  x ~ ~, ~j , (1) 

St m = 0.03 Re~'~ -2/3. (2) 

Smol ' sk i i  et al.  [5, 6] inves t iga ted  heat  and m a s s  t r a n s f e r  in a l amina ry  boundary l aye r  on a f lat  
porous  plate cons is t ing  of var ious  sec t ions  through which alcohol and n hexane were  injected with (PV)w 
= const; the inject ion ra te  va r i ed  in accordance  with a n x ' l / 2  law. 

This  p a p e r  gives the r e su l t s  of an exper imenta l  invest igat ion of heat  and m a s s  t r a n s f e r  in a l amin a r  
boundary  l a y e r  on a porous  cyl inder  with propane  injection.  In addition, the internal  heat  t r a n s f e r  in the 
porous  wall is inves t iga ted  theore t ica l ly  and the r e su l t s  a re  c o m p a r e d  with the exper imenta l  data.  

The exper imen ta l  cyl indr ical  body, shown in sec t ion  in Fig.  1, was mounted in a wind tunnel (Fig. 
2) and cons is ted  of a porous  th in-wal led cyl inder  130 m m  long, 3 m m  wide, outer  d i ame te r  30 m m ,  p r e s s e d  
out of s teel  s p h e r e s ,  with a po ros i ty  P = 40%. The porous  cyl inder  was cooled f rom inside by a soft  copper  
coil 2, which a lmos t  touched its inside wall.  A control led  flow of wa te r  pa s sed  through the coil so that it 
abso rbed  the heat  r e l e a s e d  by the cooling porous  wall and in this way the t e m p e r a t u r e  of the fuel gas e n t e r -  
ing the tube was kept constant .  

One end of the porous  cyl inder  with the coil was r igidly at tached to a cyl indrical  p i l l a r  9 while the 
o ther  was c losed by a hemisphe r i ca l  copper  cap with an or i f ice  through which propane was admit ted t h rough  
tube 3. The cyl indr ica l  p i l l a r  also s e r v e d  as cladding for  tubes 8 and 10, through which the cooling wa te r  
en te red ,  and for  the leads  of the the rmocoup les  at tached to the inside and outside su r faces  of the porous  
cyl inder .  The porous  cyl inder  was fitted with five a l u m e l -  eh romel  the rmocouples  (three on the outside 
and two on the inside) for  m e a s u r e m e n t  of the t e m p e r a t u r e  along the cyl inder  and at different  points on the 
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Fig.  1. Genera l  view of exper imenta l  body: 1) porous  
tube; 2) heat  exchanger ;  3) tube for  admiss ion  of gas; 4) 
cap; 5) connecting s leeve;  6) nut; 7) connect ing screw;  8, 
10) tubes for  cooling wa te r  and thermocouples ;  9) c lad-  
ding. 

pe r iphe ry  of the cyl inder .  The rmocoup les  were  also introduced into the inflowing and outflowing wate r  for  
m e a s u r e m e n t  of the t e m p e r a t u r e  of the inflowing and outflowing wate r .  The t e m p e r a t u r e  of the fuel gas as 
it  en te red  the porous  wall  was also m e a s u r e d  with a thermocouple .  The the rmocouples  were  connected to 
an t~PP automat ic  e lec t ron ic  po ten t iomete r .  

Using a VTI-2  chemica l  ana lyzer  we de t e rmined  the pe rcen tage  CO, CO 2, O 2, and hydrocarbon  con-  
tent of gas s amp l e s  taken at different  d is tances  f r o m  the porous  wall .  The local quenching effect  was  p r e -  
vented by  taking the gas s a m p l e s  through a s t a in less  needle probe  of d i a m e t e r  0.5 m m  connected to a tube 

of d i a m e t e r  0.5 cm.  

Before  the expe r imen t  we switched on the wind tunnel and es tab l i shed  a flow of the requ i red  veloci ty  
and t e m p e r a t u r e .  The fuel gas was p a s s e d  through the porous  cyl inder .  The injection ra te  was regula ted  
by a r o t a m e t e r  and the gas was ignited at the su r face  of the porous  tube. We then pa s sed  wa te r  through 
the cooling coil and obtained a s t e ady - s t a t e  r eg ime  in which the t e m p e r a t u r e s  on the inside and outside s u r -  
faces  of the tube, the fuel gas at the en t rance ,  and the inflowing and outflowing wate r  were  constant .  The 
t ime  requ i red  for  e s t ab l i shment  of the s teady s ta te  was 5-8 min.  On a t ta inment  of the s teady s ta te  the t h e r -  
mocouple  in the boundary l aye r ,  ini t ial ly in contact  with the su r face  of the porous  body,  was r a i s ed  by s teps  
of 20 # to the plane of the reac t ion  front  and then by s teps  of 40 # through the remain ing  thickness  of the 
hot boundary l aye r .  

F r o m  the exper imen ta l  inves t iga t ions  we obtained the following data: 

1) the ra te  of inject ion of fuel gas through the wall into the boundary layer ;  

2) the local  t e m p e r a t u r e s  and chemica l  composi t ion  of the gas ove r  the thickness  of the reac t ing  
boundary l aye r  of the porous  body; 

3) the local  t e m p e r a t u r e  at different  points on the inside and outside su r f aces  of the porous  cyl inder;  
the mean  sur face  t e m p e r a t u r e  was ca lcula ted  f rom these resu l t s ;  

4) the t e m p e r a t u r e  of the fuel gas as it en te red  the inside sur face  of the porous  cyl inder ;  

5) the flow ra te  of the wa t e r  for  cooling the porous  su r face ,  and the t e m p e r a t u r e  of inflowing and 
outflowing water ;  
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Fig. 2. Genera l  view of working 
chamber .  
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Fig.  3. Typical  t e m p e r a t u r e  p rof i l es  in 
boundary  l aye r  (T, ~ 5, mm):  1) F = 1.04 
.10-2; 2) 1.563 �9 10-3; 3) 1.062'  10 -3. 

6) the veloci ty  and t e m p e r a t u r e  of the a i r  flow in the wind tunnel. 

F igure  3 shows the t e m p e r a t u r e  p ro f i l e s  in the boundary l aye r  for  Re = 0.642" 104 and m a i n s t r e a m  
t e m p e r a t u r e  328~ The graphs  show that reduction of the wall  t e m p e r a t u r e  with i nc rea se  in injection ra te  
reduced  the heat  radia t ion f rom the wall to the sur roundings ,  but the gradient  on the wall was inc reased ,  
which led to an i nc rea se  in the amount of heat  r equ i red  to heat  the injectant  f rom the t e m p e r a t u r e  at the 
en t rance  to the wall t e m p e r a t u r e .  An i nc r ea se  in the injection ra te  moved  the reac t ion  front  (front of m a x -  
imum tempera tu re )  away f r o m  the porous  wall .  The resu l tan t  heat  brought  to the porous  wall can be wri t ten  
as: 

q z = q w - - e a  ~ 100 ] ' (3) 

A rough e s t ima te  of qs can be obtained f rom the t e m p e r a t u r e  m e a s u r e m e n t s  inside and outside the porous  
p la te ,  and also f rom calcula t ions  f rom the fo rmula  

s - - P ) ( r s w  - -  V ,c ) /6  = q,,  (4) 

where  ~s is the t he rma l  conductivity of solid s teel ,  and Tsc  is  the t e m p e r a t u r e  of the cooled wall sur face .  
In this case  P was a s sumed  to be 40%. Thus,  it is c l ea r  that we have at our  disposal  two independently ob-  
ta ined values  of the heat  flux, which can be used to calcula te  the Stanton number :  f rom m e a s u r e m e n t s  of 
t e m p e r a t u r e  in the main s t r e a m  and on the hot su r face  and cooled su r face  of the porous  wall.  Although the 
t e m p e r a t u r e  m e a s u r e m e n t s  in the boundary  l a y e r  were  usual ly  made at the cen te r  of the cyl inder ,  in some 
e x p e r i m e n t s  m e a s u r e m e n t s  were  made  at th ree  o r  four points along the porous  wall so that we would have 
an idea of the var ia t ion  of the coordinate  of the reac t ion  front  along the tube. We found that the coordinate  
of the reac t ion  front  (maximum tempera tu re )  va r i ed  f r o m  2 m m  at a dis tance of L / 4  f rom the s t a r t  of the 
porous  cyl inder  to approx ima te ly  4 m m  at the end. 

The cooling effect  due to injection at the wall is i l lus t ra ted  by the data in Table  1, which re la te  to 
the wall  t e m p e r a t u r e  and co r r e spond  to a f r e e - s t r e a m  t e m p e r a t u r e  of 300~ and different  values  of the in -  
ject ion p a r a m e t e r .  

Hence,  the wall  t e m p e r a t u r e  can be s ignif icant ly reduced by injection of a chemica l ly  act ive coolant 
even at r e l a t ive ly  low injection r a t e s .  

The p rob lem of in ternal  heat  t r a n s f e r  in a porous  plate through which a gas or  liquid is t r a n s p i r e d  
to cool the boundary  l a y e r  has  been solved by var ious  authors .  Some of them [7, 8] a s sumed  that the t e m -  
p e r a t u r e  of the coolant  inside the plate  was equal to the t e m p e r a t u r e  of the solid ma t r i x ,  whe reas  o thers  
[9, 10] analyzed the p rob l em on the assumpt ion  of a non-Newtonian type of t r a n s f e r  between the solid ma t r ix  
and the coolant in the porous  plate .  In the p r e s e n t  invest igat ion we compared  the exper imen ta l  data for  the 
resu l t an t  heat  flux (total heat  flux - radia t ion f r o m  surface)  to the porous  wall  for  the case  of hot gases  with 
the theore t ica l  heat  flux values  obtained by solution of the p rob l em of internal  heat  t r a n s f e r  with p r e s c r i b e d  
values  of the cooling gas t e m p e r a t u r e ,  flow on the cooled wall s ide,  and t e m p e r a t u r e  of the solid ma t r i x  on 
the fuel gas side.  
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TABLE 1. Mean Tempera tu re  of Porous Wall in Re-  
lation to Injection P a r a m e t e r  

~eanwall tempi Mean wall tem- 
F'I0~ [perature, ~ |l F.lO" ' .peratum, ~ 

2,974 
2,806 
2,166 

I 
340 11921 [ 390 
360 1,207 1 400 
370 0,734 470 

During the experiment  we observed  a large tempera ture  difference over  the thickness of the wall. 
The assumption of equality of the wall matr ix  and coolant t empera tures  in this case is incorrec t .  We can, 
however,  obtain a solution consistent  with all the experimental  data by means of an analysis  based on the 
assumption of the occur rence  of non-Newtonian heat t r ans fe r  between the solid body and coolant, if the heat 
flux and gas tempera ture  on the coolant side are  known. In some experimental  works,  e.g. ,  [5], it was a s -  
sumed that the wall obtains heat due to radiation f rom the hot gases.  It was assumed in others  [4] that the 
hot wall loses  heat to the surrounding a tmosphere .  Thus, if the heat flux brought to the solid body is ca l -  
culated by using the equations of internal heat t r ans fe r  for a p re sc r ibed  surface tempera ture  (gas side of 
wall) and the resul ts  are  compared  with the experimental  data for the heat fluxes f rom hot gases  (obtained 
by calculation of the thermal  conductivity involving the usual determination of the gas composit ion on the 
surface) the heat balance on the wall and the co r rec tnes s  of the Stanton number  obtained above can be 
checked. Since the porous wall of the experimental  cylindrical  body was fair ly thin, the tempera ture  d is -  
tribution in it could be calculated,  as in the case of a thin plate,  without significant e r r o r .  On the assump-  
tion of inequality of the t empera tu res  of the gas and solid body, Grootenhuis [9] deduced that the heat ba l -  
ance for  an element dy at distance y f rom the entrance gives 

)~s d~Ts = h' (T~ - -  ti) = Jmcp~ dti (5) 
dY ~ dy " 

Eliminating T, we obtain 

where 

d3t h d~ti h dli = O, 0 ..4 y ~ 6, (6) 
d--~ + J.kcp, dy ~ ~s dy 

1 dt l (7) 
ti = T s -  A dy 

and 

h 

JmCp~ 

We solve the upper equation with boundary conditions 

y = O )~ dT~ -- )~s ( dh dy + - - - -  

1 d2ti ] = Q, 

A d9 ~ ] 

t ~  = T s 1 dTs  to; 
A dy 

y = 6 T~ = t~ + 1 dt____L~ = T ~ .  
A dy 

(8) 

(9) 

(lO) 

The solution of (5) with boundary conditions (9) and (10) can be wri t ten as: 

( rs = tc -- ~ -  @ ~-s (exp (-- R6 -{- Sy) -- exp ($6 -- Ry)) -l- (Rexp (Sy) + S exp (-- Ry)) Tsw -- tc + C, (11) 

(12) 

where 
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T A B L E  2. E x p e r i m e n t a l  D a t a  fo r  Hea t  F l u x  D e t e r -  
m i n a t i o n  

No. T~ Toy Tic 

Theoretical 
Q heat flux from Heat flux qs 

(12) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 

. 328 628 
328 608 
363 628 
338 608 
353 660 
348 673 
318 623 
308 648 
308 660 
378 695 
293 708 
338 563 

308 4,38 
308 3,42~ 
32O 4,57 
315 4,49 
308 2,99 
303 6,22 
287 4,22 
284 2,61 
284 2,61 
317 4,80 
291 6,25 
285 5,21 

5,52 
4,14 
5,66 
5,22 
4,17 
9,20 
8,86 
6,25 
6,30 
6,00 
9,39 
9,50 

5,80 
4,47 
4,93 
5,40 
4,23 
8,67 
8,90 
5,84 
5,39 
5,34 
9,62 

I0,1 

L\-i-~/ - - \  10o /2. 

R = B + A / 2 ;  S = B - - A / 2 ;  B =  " h + 

C = R exp ($8) + 3 exp ( - -  RS). 

T a b l e  2 c o m p a r e s  the  v a l u e s  of the  t h e o r e t i c a l  r e s u l t a n t  h e a t  f lux on the gas  s ide  of the  wa l l  and  the e x p e r i -  
m e n t a l  v a l u e s  c a l c u l a t e d  f r o m  qs  = q w -  ec~[(Tw/100) - (T~ /100)4 ] .  The  va lue  of  h u s e d  in the above  c a l -  
c u l a t i o n s  was  o b t a i n e d  f r o m  the g r a p h s  in  [9]. 

I t  i s  e a s y  to v e r i f y  that  the  t h e o r e t i c a l  and e x p e r i m e n t a l  d a t a  a g r e e  to wi th in  • 

M a s s  T r a n s f e r  and C h e m i c a l  R e a c t i o n s .  T y p i c a l  p r o f i l e s  of t e m p e r a t u r e  and C3H 8, CO 2, and 0 2 
c o n c e n t r a t i o n s  in the  b o u n d a r y  l a y e r  a r e  shown in F i g .  4 fo r  Re x = 0 .642 .104  and F = 2.868 �9 10 -3. The 
c o n c e n t r a t i o n  of the i n j e c t a n t  a t  the  s u r f a c e  e q u a l s  14.5%. The  t e m p e r a t u r e  p r o f i l e  shows  tha t  the  m a x i m u m  
t e m p e r a t u r e  f ron t  c o r r e s p o n d s  a l m o s t  e x a c t l y  wi th  the c h e m i c a l  r e a c t i o n  f ron t .  The  p r e s e n c e  of w a t e r  a t  
any  po in t  on the  b o u n d a r y  l a y e r  was  d e t e r m i n e d  b y  s t o i c h i o m e t r i c  c a l c u l a t i o n s  fo r  the  p e r c e n t a g e  CO 2 c o m -  
p o s i t i o n  a t  the  c o r r e s p o n d i n g  po in t .  The 0 2 and CO 2 c o n c e n t r a t i o n  p r o f i l e s ,  a s  F i g ,  4 s h o w s ,  can  e a s i l y  be  
e x p l a i n e d  on the b a s i s  of t h e o r e t i c a l  d a t a  [3] fo r  the c a s e  w h e r e  the C3H 8 i n j e c t a n t  p r a c t i c a l l y  d i s a p p e a r s  in 
the  r e a c t i o n  p l ane .  Tile CO 2 and O 2 c o n c e n t r a t i o n s  on the wa l l  have  f in i t e  v a l u e s .  

The  fac t  tha t  the r e a c t i o n  f ron t  i s  a t  a f in i te  d i s t a n c e  f r o m  the p o r o u s  s u r f a c e  and not  in d i r e c t  c o n -  
t a c t  wi th  i t  shows  tha t  the c h e m i c a l  r e a c t i o n  does  not  p r o c e e d  at  an in f in i te  r a t e  and,  h e n c e ,  the  d i f fus ion  
and s u b s e q u e n t  c h e m i c a l  r e a c t i o n  o c c u r  not  in an  i n f i n i t e l y  th in  zone ,  bu t  in a zone of f in i te  t h i c k n e s s .  
H e n c e ,  in  the e x p e r i m e n t a l  i n v e s t i g a t i o n s  we do not  e n c o u n t e r  any  t e m p e r a t u r e  d i s c o n t i n u i t y  and c o m p l e t e  
d i s a p p e a r a n c e  of  the  i n j e c t a n t  a t  any  po in t ,  a s  p r e d i c t e d  t h e o r e t i c a l l y  on the b a s i s  of the  h y p o t h e s i s  of an 
in f in i t e  r e a c t i o n  r a t e .  The  CO 2 c o m p o n e n t  f o r m e d  in the  c h e m i c a l  r e a c t i o n  zone d i f f u s e s  in to  the e x t e r n a l  
m e d i u m  and a l so  to the  p o r o u s  wa l l .  S ince  t h e r e  i s  a v e r y  s m a l l  amoun t  of oxygen  a t  the  p o r o u s  p l a t e ,  CO 2 
r e a c t s  wi th  the  g a s e o u s  i n j e c t a n t  a c c o r d i n g  to the r e a c t i o n  

C~H 8 + 7CQ = 10CO + 4H20 

and the CO o b t a i n e d  in th i s  w a y  d i f fu se s  to the r e a c t i o n  f ron t .  

The  d i m e n s i o n l e s s  h e a t  and m a s s  t r a n s f e r  c o e f f i c i e n t s  in the  b o u n d a r y  l a y e r ,  v i z . ,  St and Stm,  have  
the f o r m  

St  = q~/[p.u| (%g)~ (T, :- T~) ] ,  

M| F (Sc) 2/3 29 F(Sc) (13) 
St.~ --  = 

M~ in (1 - -  X) -I 44 In (I - -  X)-~ (14) 

The  r e s u l t a n t  r a t e  of h e a t  t r a n s f e r  to the  s o l i d  wa l l  in equa t ion  (13) w a s  c a i c u l a t e d  f r o m  the equa t ion  

Lk ]' 

1223 



tooo, 

600, 
7 

Fig .  4. Typica l  t e m p e r a t u r e  and concen t ra t ion  
p r o f i l e s  in boundary  l a y e r .  

where  ~ = 0.0014 k c a l .  m 2. sec  -1 �9 deg -4 and e = 0.8. 

The t he r ma l  conduct ivi ty  ~g of the gas was ca l cu la t ed  f rom the known composi t ion  of the gas on the 
wall  and i ts  t e m p e r a t u r e  [11]; the t e m p e r a t u r e  g rad ien t  was obtained f rom the m e a s u r e d  t e m p e r a t u r e  p r o -  

f i le  in the boundary  l a y e r .  

T r e a t m e n t  of the e x p e r i m e n t a l  r e s u l t s  by means  of r e l a t i onsh ips  of the form (1) did not l ead  to a 
s a t i s f a c t o r y  c o r r e l a t i o n  of the r e s u l t s .  In our  case  the expe r imen ta l  data  were  c o r r e l a t e d  by r e l a t i onsh ips  
of the form (1) to within e30%. It  is  c l e a r  that none of the c r i t e r i a  ment ioned above,  v iz . ,  Re x,  P r ,  or  Sc, 
can s a t i s f a c t o r i l y  d e s c r i b e  the p r o c e s s  in which the d i s t inc t ive  fea ture  is  a chemica l  r eac t ion  in the bound-  
a ry  l a y e r .  The l a rge  amount of heat  r e l e a s e d  dur ing  the endo thermic  r eac t ions  in the boundary  l a y e r  i s  
r e s p o n s i b l e  for  the t e m p e r a t u r e  p ro f i l e ,  the wall  t e m p e r a t u r e ,  and the t e m p e r a t u r e  on the r eac t ion  front.  
In ca lcu la t ion  of St the moving fo rce  of heat  t r a n s f e r  i s  the f lame t e m p e r a t u r e .  Hence,  i t  i s  d e s i r a b l e  to 
find some o ther  c r i t e r i a  for  c o r r e l a t i o n  of the expe r imen ta l  data.  Cons ider ing  the heat  ba lance  on the r e -  
ac t ion front  in the boundary  l a y e r  we obtain the r e l a t ionsh ip  

Assuming  that  the chemica l  r eac t i on  heat  is  t r a n s f e r r e d  to the body by heat  conduction we obtain 

l 

where  l is  a c h a r a c t e r i s t i c  length.  We then obtain a new number  

K =- ~ '  T , - - T~ ,  ~,~, T~, 
017 K ~ - -  - -  

~, T, ~, T, 

which was in t roduced  be fore  in [5, 6]. 

We found that the e x p e r i m e n t a l  va lues  of St and St m can be c o r r e l a t e d  to within =~17% by the fo rmulas  

St = 1,552 Rexl/2pr -2/3 K 1/4 (15) 

and , ,  

St n = 0,648Re~ 2 (Sc)-2/3K1/4 . (16) 

The expe r imen ta l  da ta  and the r e s u l t s  of c o r r e l a t i o n  by these  fo rmu la s  a r e  given in Fig .  5. The 

mean  va lues  of St without K a re  given in the form 

St = 1,4711~ex-1/2pr-e/3. 

It  should be noted that in the case  of "pure"  heat  t r a n s f e r  the Stanton number  can be e x p r e s s e d  as  

St ----- O,332Rexl/2pr -2/3. 

The mean Stanton number  co r r e spond ing  to the fo rmula  given above can be wr i t t en  in the fo rm 

ST = 0.470Re'~l/2pr-2/a. 

Thus,  in our  case  heat  t r a n s f e r  i s  m u c h m o r e  in tense  than in the case  of "pure"  hea t  t r a n s f e r .  The 
r e a s o n  for  th is  in tens i ty  mus t  be sought in the combined heat  and m a s s  t r a n s f e r  a s s o c i a t e d  with the chemica l  
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reaction, when heat transfer is increased by mass diffusion and the change in the physical properties of 
the gases. It was shown in an earlier paper [6] that the observed values of the Stanton numbers at constant 
injection rate are correlated by the formula 

S-t -- 0.353Re;-i/2Pr-2/3, 

which shows that injection greatly reduces the heat transfer. The main difference between this investiga- 
tion and [5, 6] lies in the fact that in the case of injectants like alcohol and hexane additional heat is spent 
on vapor formation. In addition, the resultant heat transfer qs to the porous surface can be written as 
(neglecting radiation): 

J w - 

In the case  of a liquid injectant  the p r e s e n c e  of a second t e r m  on the r ight  side of the equation grea t ly  r e -  
duces the resu l tan t  r a t e  of heat  t r a n s f e r  to the wall and, hence ,  the Stanton number .  As an analysis  of the 
cons idered  exper imen ta l  data indicates ,  Sc v a r i e s  f rom 0.91 to 1.12, and the cor responding  Lewis number  
f rom 0.769 to 0.625. In addition, the value of Sc at f l ame t e m p e r a t u r e  1200~ is 2.08 t imes  g r e a t e r  than 
the Prandt l  number ,  and Le = 0.482. Thus,  it is c l ea r  that we can hard ly  expect  that the theore t ica l  data 
of [2, 3], based  on the s impl i fy ing  assumpt ions  of P r  and Sc equal to unity and constancy of the rmophys ica l  
p rope r t i e s ,  c h a r a c t e r i z e  the cons idered  p roce s s  with sa t i s f ac to ry  accuracy .  

The author  thanks P r o f e s s o r  B. M. Smol ' sk i i ,  Head of the The rmodynamics  Labo ra to ry  of the In -  
st i tute of Heat  and Mass  T r a n s f e r ,  Academy of Sciences of the Be lo rus s i an  SSR, and also Candidate of 
Technical  Sciences G. T. Sergeev  and his  co l leagues ,  for  help in conducting the exper imenta l  invest igat ions 
desc r ibed  in the paper .  The author also thanks the D i r ec to r  of the L a b o r a t o r y  (Delhi) for  p e r m i s s i o n  to 
publ ish this work.  

St is the 

St m is the 
Rex = uoox/v is the 
Pr = v/k is the 
Sc = u/D is the 
Le = D/k is the 

is the 
k is  the 
D is  the 
F = (PV)w/(pu) ~o is  the 
J m  = (PV)w is  the 
u is the 
v is the 
x is the 
y is the 

NOTATION 

heat transfer Stanton number; 
mass transfer Stanton number; 
Reynolds number ;  
Prandt l  number ;  
Schmidt number ;  
Lewis number ;  
kinematic viscosity coefficient; 
thermal diffusivity; 
diffusion coefficient; 

dimensionless injection parameter; 
injection rate; 
velocity on x axis; 
velocity on y axis; 
coordinate in direction of flow; 
coordinate perpendicular to main flow; 
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T 

qw = (ZgdTg/dY)w 

qs 
& 

O~ 

p 
M 
h 
Q 

5 
Cp 
• 
K -- (~g)w/~*(Tg)w/T*;  
L 

is the 
is the 
is the 
is the 
is the 
Is the 
is the 
~s the 
is the 
zs the 

absolute t empera ture ,  ~ 
thermal  conductivity; 
total heat flux t r ans f e r r ed  to solid wall by hot gases on surface;  
resul tant  heat flux to solid wall; 
wall emissivi ty;  
emiss ion coefficient; 
density; 
molecular  weight; 
heat t r ans fe r  coefficient in porous body; 
mean heat flux f rom body to cooling wall, determined from amount of 

water  pass ing through cooling tube and f rom difference in tempera ture  of in- 
flowing and outflowing water;  
is the thickness of porous wall; 
is the specific heat; 
is the weight f ract ion of injectant at wall; 

is the latent heat of vaporizat ion of injectant. 

S u b s c r i p t s  

s denotes the solid wall; 
w denotes the wall (on hot gas side); 
c denotes the wall (cooling wall); 
* denotes the flame front; 
oo denotes the main flow; 
i denotes the injectant; 
g denotes the main gas flow. 
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