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On the basis of the relations obtained in [6, 7], a graph is proposed 
which makes it easy to calculate the temperature distribution on a 
porous wall with uniform injection of a homogeneous gas. The cal- 
culation is compared with available experimental data. 

The n u m e r o u s  inves t iga t ions  of heat t r a n s f e r  on 
p e r m e a b l e  su r faces  [1-5] have deal t ,  in the m a i n ,  
with average  heat  t r a n s f e r .  I t  was shown in [6] that ,  
to a t ta in  the condi t ion T w = const  along a porous  p la te ,  
the flow ra te  of in jec ted  gas mus t  v a r y  as ~ - 0 . 2 .  I n  
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F i g .  1. D e p e n d e n c e  o f  F ,  on  r f o r  
calculating the temperature of a 
porous wall with d = Ti/r0: i) 
0. 392; 2) 0. 529; 3) 0. 640; 
4) 0. 812; 5) i. 066; 6) i. 23; 
7) 1.40; 8) 1.56; 9) 1.73; i0) 1.89 
(the dotted line is the critical 

injection limit). 

the case of uniform injection, then, and this is the 
regime most often realized in practice, the wall tem- 
perature will vary along the length. The calculation 
of the distribution T w = f (X) may be carried out using 
the energy equation, the law of heat transfer, and the 
boundary relations for the permeable surface [6]. For 
these conditions the energy equation, allowing for a 
velocity gradient, will be [7] 

dRe:*q~ _ Re~.* d ( k T ) . _  ReoSSto('q'~-[-b0, (1) 
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where  

% - KG, (2) 

t (  = (7 W -- T')/(70 - -  G),  (3) 

P e r f o r m i n g  s imple  t r a n s f o r m a t i o n s ,  we have 

d (a Re:*) = Reo]~  (To - -  r ' )  dR. (5) 

F or  the case  of d i m e n s i o n l e s s  m a s s  flow ra te  -Jw = 
= const  along the length,  and boundary  condi t ions  
Rer  = 0 at X = 0, we have 

Re;"-- Re0Fw(K +1)2 .  (6)  

F or  the t u rbu l en t  r e g i m e  the heat  t r a n s f e r  law on t he  
i m p e r m e a b l e  su r face  has the fo rm 

St o = O, 0126/R e)*~ ~ (7) 

The following boundary  r e l a t ion  for  a p e r m e a b l e  
su r face  has been  obtained in [7]: 

*t r, = ~t(1 - -  G/b~.cr) ~, (8) 

where 

2 2 

,9, 

Solving ( 6 ) - ( 9 )  s imul t aneous ly  and us ing  (2)-(4) ,  we 
obta in  

fb~.er Kbg.cr . 4 ~ t  ~ 1)-~ 1 - - -  . _ I  ( ~ : +  = 

~7\0.25~ 0.75 .1,20 
= (R% A) v r  Zw (10) 

0.0126U 

The left side of the las t  exp re s s ion  is some funct ion 
F t depending on the t e m p e r a t u r e  ra t io  

= T w / T  o, d ~- T ' /Ta,  

K = (q~ - -  el)/( 1 - -  q0. (11) 

A ca lcu la t ion  of funct ion F 1 for  the case  of un i fo rm 
in jec t ion  of a i r  was p e r f o r m e d  on an e lec t ron ic  c o m -  
pu te r  for  ten  t e m p e r a t u r e  condi t ions .  The r e s u l t s  
a r e  shown in Fig. 1, where  curves  1 - 4  c o r r e s p o n d  
to the r e g i m e s  with ~ < 1, i . e . ,  to condi t ions  where  
cold gas is in jec ted ,  this  be ing typical  for  porous  
cooling;  cu rves  5 -10  c o r r e s p o n d  to r > 1, which a re  
condi t ions  often used in l abo ra to ry  t es t s .  

It  m a y  be seen  f rom (11) that when ~ = d, the quan-  
t i ty  K = 0 denotes c r i t i c a l  in jec t ion ,  where  the in -  
jec ted  gas l ifts the boundary  l aye r  f rom the wall  and 

T w =  T ' .  
By removing  the i nde t e rminacy  of function F~ when 

= d, we obtain that  F 1 = bT. e r  at  this  point ,  and the 
l ine jo ining such points  for  va r ious  va lues  of d gives  
the c r i t i c a l  in jec t ion  l imi t .  
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Fig .  2. C o m p a r i s o n  of the  ca l cu l a t i on  (curves)  with 
t e s t  da t a  (points) of  Groo tenhu i s  (a) and B a y l e y  (b): 
1 and 2) with d = 0. 392, Re0 = 2 .  104 and 5. 104; 

3 a n d 4 )  d = 0 . 5 2 9 ,  R e =  1.  10 s a n d 2 "  105 . 

Use  of  the  g raph  of Fig .  1 a p p r e c i a b l y  s i m p l i f i e s  
c a l c u l a t i o n  of the t e m p e r a t u r e  d i s t r i b u t i o n  of a po rous  
wal l .  With  the  m a i n  flow p a r a m e t e r s  known and the 
v e l o c i t y  v a r i a t i o n  law U = f (X) ,  and fo r  a g iven flow 
r a t e  of i n j ec t ed  g a s ,  the r igh t  s ide  of (10) i s  c a l c u -  
l a ted :  s ince  i t  is  equal  to funct ion F1, ~,  and t h e r e -  
f o r e  T w, a r e  found f r o m  F ig .  1 for  the spec i f i c  va lue  
of  d. 

F i g u r e  2 g ives  the  c a l c u l a t e d  and e x p e r i m e n t a l  
da t a  fo r  a p l a t e  with U = 1, the  ca l cu l a t i on  be ing  done 
f o r  the  m e a n  s e c t i o n  X = 0 .5  and fo r  the  e x t r e m e  
va lues  of Reyno lds  n u m b e r  o c c u r r i n g  in the t e s t s .  

I t  should  be  noted  tha t  fo r  s m a l l  va lues  of d i m e n -  
s i o n l e s s  f low r a t e  ~w < 0 . 4 ,  the  t e s t  po in t s  of both  
a u t h o r s  l ie  above  the t h e o r e t i c a l  r e l a t i on .  This  is  p r o b -  
ab ly  due to the fac t  tha t  wi th  d e c r e a s e  of t e m p e r a -  
t u r e  d rop  T --  T w o c c u r r i n g  fo r  d i m i n i s h e d  gas  in-  
j e c t i o n  r a t e ,  the ef fec t  of t h e r m a l  l eakage  and o the r  
m e a s u r e m e n t  e r r o r s  beg ins  to be  a p p r e c i a b l e .  

NOTATION 

U0, U I -  velocity of oncoming stream and local velocity; l~ = 
= U1/U0-dimensionless velocity; T0, T w, T'-_temperatures of main 
stream, wall, and injected gas, respectively; X = x/L -d imens ion-  
less length; Tw-dimensionless flow rate (ratio of specific flow rate of 

injected gas to that of main stream); *s = (St/S~0)Re**-relative change 
of St number at Re** = idem; St0 = ao/Cp g0UoU-St number on imper- 
meable surface, as defined by (7); $ = Tw/T0-temperature factor; 
&T = To -- Tw-temperature head; Re0, Re~*-Reynolds number values 
of main stream (U0 L/v0) and thermal boundary layer (U06~*/vo). 
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