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The effectiveness of gas-film cooling in the presence of a turbulent 
air flow in an adiabatic circular tube with an initial porous sec~on is 
discussed in relation to the experimental results. 

The r e s u l t s  of an expe r imen ta l  inves t iga t ion  of g a s -  
f i lm cooling ef fec t iveness  in a tu rbu len t  a i r  flow through 
a c i r c u l a r  tube with adiabat ic  walls  were  r epor t ed  in  
[1]. The e m p i r i c a l  r e l a t i ons  proposed differed f rom 
the known fo rmulas  of Kutate ladze  and Leont ' ev  [2], 
Golds te in  et al. [3], and Nishiwaki et  al. [4] for  a gas 
f i lm on a plate  in  a longi tudinal  flow. 

In the range  of in jec t ion  p a r a m e t e r s  that we i n v e s -  
t igated,  appl ica t ion  of the Ku ta t e l adze -LeonUev theo ry  
to the gas f i lm in  a tube leads  to the following re la t ion :  

(_G__x F~ 
0=(15 .6- -28 .9 ) .~  m l /  " 

(1) 

When analyzed in  accordance  with the usua l  fo rmula  
0 = A(X/m/) -~ the e x p e r i m e n t a l  data give the r e l a t i ons  
p re sen t ed  in  Table  1. 

As may  be seen  f rom Table 1, the co r r e l a t i on  of al l  
the data in  a s ingle  f o rmu la  r e q u i r e s  an addi t ional  pa -  
r a m e t e r .  Golds te in  [3] proposed that the data be c o r -  
r e la ted  by a r e l a t i on  having the form 

(2) 

Here,  A, p, and n a re  cons tan ts ,  a n d R e s .  = UaS*/u is 
the Reynolds n u m b e r  based  on the d i sp l acemen t  th ick-  
ness .  

However, an analysis of our data revealed consid- 

erable s t r a t i f i ca t ion  with r e s p e c t  to the in jec t ion  
p a r a m e t e r  m.  The d i s c r e p a n c y b e t w e e n  the data of v a r i -  
ous inves t iga to r s  on f i lm ef fec t iveness  is  usua l ly  

Table 1 

Rela t ions  for  the Effec t iveness  of a Gas F i l m  
in a C i r cu l a r  Tube 

z/d 

5 .2  

2,74 

0.94 

X 
ml 

50--1000 

50--1000 

50--1000 

Formula 

( x___p~ 
(14,1--24.5) \ ml ] 

05.,3-24,) \ ml / 

(16• \ ml ] 

a t t r ibu ted  to d i f fe rences  in  the hydrodynamic  and t h e r -  
ma l  condit ions i mme d i a t e l y  beyond the s econda ry -gas  
in jec t ion  point.  Accord ing  to Kutateladze and Leont 'ev  
[2], the f i lm ef fec t iveness  can be r e p r e s e n t e d  in the 
gene ra l i zed  fo rm 

~l?e .... (3) 

fl = 5 t ~6 is t r ea ted  as a n i n t e g r a l  c h a r a c t e r i s t i c  of 
the hydrodynamic  condit ions and the t he r ma l  s tate  of 
the flow; Re~*= UaS~*/v and Re** = Ua6**/u a re  the a 
Reynolds  numabers based  on the energy  th ickness  at the 
out le t  f rom the p o r o u s  sec t ion  and the m o m e n t u m  
thickness  in  the given sect ion,  r e spec t ive ly .  

Our m e a s u r e m e n t s  in  a c i r c u l a r  tube with an in i t ia l  
porous  sec t ion  enabled us to ca lcula te  5", 5**, 6~*, 
and fl for  va r ious  Red, m, X, l. It was found that the 
dynamic  c h a r a c t e r i s t i c s  5", 6"* s t a r t  by i_ncreasing 
with i n c r e a s e  in ~:1, r each  a m a x i m u m  at X1 = 1 -2 ,  
and then gradua l ly  fal l  to a value de t e rmined  by the 
power - l aw veloci ty  prof i le  of the s t eady- s t a t e  t u rbu -  
lent  flow in  the c i r c u l a r  tube. The energy  th ickness  
~ *  i n c r e a s e s  with X, r each ing  a l imi t ing  value in the 
sec t ion  where  complete  adiabat ic  mixing  of the flows 
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Fig. 1. The p a r a m e t e r  fl as a funct ion  of the d i -  
m e n s i o n l e s s  d i s tance  X and the in jec t ion  p a r a m -  
e te r  at l /d  = 5.2: 1) m = 1.8- 10 -3 , Re d = 41.7- 
�9 103; 2) 10.06" 10 -3 and 41.7 �9 10-3; 3) 21.13 �9 10 -3 

and 15.3. 103; 4) 43 .84 .10  -3 and 9.4- 103 . 
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ends.  At the outlet  f rom the porous  sect ion,  the quan-  
t i t ies  8 ' ,  6"*, St**, andfl i n c r e a s e  with i n c r e a s e  in  the 
in jec t ion  p a r a m e t e r .  However,  the dependence of these 
quant i t ies  on m, X, l cannot  be genera l i zed  by any 
s imple  funct ion capable of s e rv ing  as a c o r r e l a t i o n  
f o r m u l a  r e l a t ing  the e f fec t iveness  with the e x p e r i m e n -  
tal  p a r a m e t e r s  in the range  of va r i a t i on  inves t igated .  
In Fig.  1, fl i s  shown as a funct ion of X and m at l /d  = 
= 5.2. The i n c r e a s e  is s h a r p e s t  up to the sec t ion  X1 = 
= 10; the effect of the in jec t ion  p a r a m e t e r  m decl ines  
as X1 i n c r e a s e s .  In our  opinion, the bes t  co r r e l a t i on  of 
the expe r imen ta l  data is  offered by a fo rmula  of the 
type 

Table  2 

Relat ions for  the Effect iveness  of a Gas F i lm  
in  a C i r cu l a r  Tube Obtained on the Bas i s  of the 

Expe r imen ta l  Data 

X 
l /d  m l  rn. ]0 ~ X-  p 

>60 0,94 

2.74 

5.2 

>20 

<20 

>9 

<9 

>4 

0 . 2 5  

1 
<4 0 
>10 1 
<I0 0.8 

>10 1 
<10 
>6 
<6 

0 
1.8 
1 

o r  

(5) 

The quanti ty  fla is ca lcula ted  f rom the co r re spond ing  
values  of T and U in  the sec t ion  at the outlet  f rom the 
porous region,  while the exponent  p depends on m, l, 
and X: 

[~a = 4 . 1 7  rn (6) 

Figu re  2 is  convincing evidence of the su i tab i l i ty  of 
f o rmu la s  (5) and (6). The e m p i r i c a l  r e l a t ions  obtained 
for  porous  sec t ions  of d i f ferent  lengths a re  p r e sen t ed  
in  Table 2. 
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Fig.  2. E f fec t i veness  of  gas f i l m  at  l i d  = 5.2 as 
a funct ion of f i P X / m l :  1) m = 44 .83 .10  -3, Re d = 
= 10.2- 103; 2) 31.17.  ]0 -3 and 15.3- 103; 3) 19.44- 
�9 10 -3 and 24.1.  103; 4) 14 .54 .10  -3 and 36.2- 103; 
5) 10.6" 10 -a and 41.7 .  103; 6) 8 .743 .10  -3 and 

41.7 .  103; 7) 1.951" 10 -3 and 41.7-103 . 

NOTATION 

0 = (T a - T~rd)/(Ta -- Tin) iS the ef fec t iveness  of 
the gas fi lm; X is  the longi tudinal  coordinate  f rom the 
beginning  of the porous sect ion,  m; X = X/d;  l is  the 
length of the porous  sect ion,  m; m = PwVw/PaUa is the 

R 

in jec t ion  p a r a m e t e r ;  8" = t  (1 - PiUi/PaUa)(1 - y/R)dR 

a 

R 
t ~  

is  the d i sp l acemen t  th ickness ,  m; 8"* = 1  (1 Ui /Ua)  X 

a 

x PiUi/PaUa(1 - y/R)dR is the m o m e n t u m  th ickness ,  m; 

R 

8~* = t ' [1  - (T a - T i ) / (T  a - T w ) ] P i U i / P a U a ( 1  - y/R)dR 
a 

is the energy  th ickness ,  m; Ua is the m e a n - m a s s  veloci ty  
at the in le t  to the porous  sect ion,  m / s e e ;  U a is t h e v e -  
loci ty  on the channel  axis,  m / s e c ;  X1 is the d i m e n s i o n -  
less  d is tance  f rom the beginning  of the i m p e r m e a b l e  
wall; 6** is  the energy  th ickness  at the out le t  f rom the ta  
porous sect ion.  Subscr ip ts :  w r e f e r s  to p a r a m e t e r s  at  
the wall; a, to p a r a m e t e r s  on the axis; i, to p a r a m e t e r s  : 
at a given point  of the c ross  sect ion;  ad r e p r e s e n t s  
adiabatic;  in  r e p r e s e n t s  secondary  flow. 
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