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Results  are  presented of an experimental  study of the effect of the angle of secondary air  in-  
jection on the efficiency of heat  shielding of a plane surface at the turbulent surface layer .  

Experimental  data cited in the l i te ra ture  known to us [1-3] on the effect of the geometry of a slot on 
the efficiency of heat shielding of a wall 

T 1 - -  Ta.w." 
T 1 ~ T~ 

were  either obtained in simultaneous measurement  of several  charac te r i s t i c  quantities (in par t icular ,  shape 
of slot channel, relative a r rangement  of slot edges, and angle of injection of the secondary cur ren t  [ 1 - 2 ] )  

or  [3] were  presented in a form which does not allow one to fully evaluate the effect on ~ of the angle of 
the secondary cur ren t  supply. 

To obtain the indicated data experimental  studies were conducted on the efficiency of heat shielding 
of a fiat plate at a wide range of variat ion (from 0 to 90 ~) in the angle of injection of the secondary cur ren t  
while maintaining a fixed shape and degree of res t r ic t ion  of the channel for its supply. 

The experiments  were  conducted on a low velocity wind tunnel with a working channel constructed in 
the form of a chute with c ross  section dimensions of 120 • 120 mm and length 750 mm. The lower wall o f  

I I I"1~ I I 

! 

Fig. 1. Shape and location of slot for secondary air  injection. 
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Fig .  2. Dependence  of  e f f i c i ency  of h e a t  
s h i e l d i n g  of a w a l l  on d i m e n s i o n l e s s  d i s -  
t ance  x / s  H fo r  v a r i o u s  i n j e c t i o n  c o e f -  
f i c i e n t s  m.  y = 0~ I) m = 1.0; II) 0.3. 3' 
= 90~ 1) m = 0.3; 2) 0.5; 3) 0.8; 4) 1.0; 
5) 1.2; 6) 1.6. 

the chute  s e r v e d  a s  a t h e r m o i n s u l a t i n g  m e a s u r i n g  p la te  
made  f r o m T e x t o l i t e  wi th  a C h r o m e l - C o p e l  t h e r m o -  
coup le  s u r f a c e .  The s e c o n d a r y  a i r  i s  b lown through i n d i -  
v idua l  p lane  s l o t s  d i s t r i b u t e d  at  the s t a r t  of the w o r k i n g  
s e c t i o n  in f r o n t  of the m e a s u r i n g  p l a t e .  S lo ts  w e r e  u sed  
in the e x p e r i m e n t s  wi th  a n g l e s  of  i n c l i n a t i o n  to the channel  
ax i s  3" = 0, 45, 75, and 90 ~ (Fig .  1). The nomina l  he igh t  
of  the  s lo t ,  S H m e a s u r e d  in a p lane  p e r p e n d i c u l a r  to the 
channe l  a x i s ,  w a s  f r o m  2.05 to 2.5 m m  for  s l o t s  wi th  d i f -  
f e r e n t  a n g l e s  y. S lo ts  wi th  a n g l e s  3' = 0 and 90 ~ w e r e  made  
of T e x t o l i t e , w h i l e  the s l o t s  wi th  a n g l e s  3' = 45 and 75 ~ 
w e r e  m a d e  of  a s b e s t o s  c e m e n t .  In the l a t t e r  c a s e  t h r e e  
v a r i a n t s  of the p o s i t i o n  b e f o r e  and behind  the chute w e r e  
s tud ied :  f lush with  the m e a s u r i n g  p la te  (I), p e r p e n d i c u l a r  
to the channe l  ax i s  (II), and p e r p e n d i c u l a r  to the s h i e l d e d  
s u r f a c e  (IH). 

N e a r  the l o w e r  wa l l  of the c h u t e  the c u r r e n t  flow 
w a s  c l o s e  in  i t s  c h a r a c t e r i s t i c s  to the flow a long  a f l a t  
p l a t e  and the d y n a m i c s  of  the b o u n d a r y  l a y e r  w e r e  t u r -  

bu len t .  A d e t a i l e d  d e s c r i p t i o n  of the e x p e r i m e n t a l  a p p a r a t u s ,  c h a r a c t e r i s t i c s  of the w o r k i n g  s ec t i on ,  and 

m e t h o d s  of conduc t ing  and w o r k i n g  out  the e x p e r i m e n t  w e r e  g iven  in [4, 5]. 

A i r  a t  low v e l o c i t i e s  and t e m p e r a t u r e s  (u 1 _< 25 m / s e c ;  Tt and T 2 -<- 380~ w a s  u sed  fo r  the p r i m a r y  
and s e c o n d a r y  c u r r e n t s  in a l l  the e x p e r i m e n t s ,  w h e r e  the t e m p e r a t u r e  of  the s e c o n d a r y  c u r r e n t  w a s  ~ 50 ~ 
h i g h e r  than the t e m p e r a t u r e  of the  m a i n  c u r r e n t .  In o r d e r  to a c h i e ve  m a x i m u m  u n i f o r m i t y  of the t e m p e r a -  
t u r e  f i e l d  at  the e n t r a n c e  to the w o r k i n g  s e c t i o n ,  the t e m p e r a t u r e  of  the  p r i m a r y  c u r r e n t  w a s  chosen  equal  
to r o o m  t e m p e r a t u r e .  The  s y s t e m  of  t e m p e r a t u r e  s t a b i l i z a t i o n  of  the  p r i m a r y  and s e c o n d a r y  c u r r e n t s  
a s s u r e d  a m a x i m u m  e r r o r  in  the m e a s u r e m e n t  of the e f f i c i e nc y  a t  ~ > 0.1 not  e x c e e d i n g  • 10~ ( r e l a t i v e l y ) .  
In the e x p e r i m e n t s  w h o s e  r e s u l t s  a r e  p r e s e n t e d  be low the q u a n t i t i e s  c h a r a c t e r i z i n g  the o p e r a t i o n  of  the 
a p p a r a t u s  r e m a i n e d  s t a b l e  and w e r e  equal  to 

- -  Tar T~ Re I = 9zuzs" = 0.25.104; Tar =0 1.0; 0 -~ = 1.17. 
Ixx T 1 Tz 

F o r  each  s l o t  g e o m e t r y  the c o e f f i c i e n t s  of i n j e c t i o n  m w e r e  v a r i e d  o v e r  a r a n g e  f r o m  0.3 to 1.5. 

The  r e s u l t s  of  e x p e r i m e n t a l  s t u d i e s  wi th  s l o t s  in which  the e d g e s  of  the ou t l e t  w e r e  p e r p e n d i c u l a r  to 
the a x i s  a r e  g iven  in a l o g a r i t h m i c  c o o r d i n a t e  s y s t e m  in the f o r m  of the d e p e n d e n c e  of  h e a t  s h i e l d i n g  e f -  
f i c i e n c y  ~ of the d i m e n s i o n l e s s  d i s t a n c e  f r o m  the s l o t  x / s  H. 

Thus ,  d a t a  a r e  p r e s e n t e d  in  F i g .  2 fo r  two l i m i t i n g  c a s e s  of  i n j ec t i on :  c u r v e s  I and II  c o r r e s p o n d  to 
t a n g e n t i a l  i n j e c t i o n  (y = 0 ~ wi th  i n j e c t i o n  c o e f f i c i e n t  m = 1.0 (I) and m = 0.3 (H) [6], wh i l e  the e x p e r i m e n t a l  
po in t s  r e f e r  to i n j e c t i o n  th rough  a s l o t  wi th  y = 90 ~ [5]. 

The e f f i c i e n c y  for  a s l o t w i t h  y = 0 ~ a t  a l l  p r o f i l e s  X/SH = c o n s t  g r o w s  wi th  an i n c r e a s e  in the i n j e c -  
t ion  c o e f f i c i e n t  f r o m  0 to m = 1.0, whi l e  the shape  of the c u r v e s  r e m a i n s  a l m o s t  unchanged  [6]. At  the s a m e  
t i m e  the shape  of  the e f f i c i e n c y  c u r v e s  fo r  a s l o t  wi th  3' = 90~ i s  s t r o n g l y  dependen t  on the i n j ec t i on  c o e f -  
f i c i en t  (F ig .  2), w h e r e  the n a t u r e  of the c h a n g e  in e f f i c i e n c y  d i f f e r s  fo r  d i f f e r e n t  s e c t i o n s .  At  a d i s t a n c e  
f r o m  the s l o t  ( x / s  H > 40) the change  in e f f i c i e nc y  t a k e s  p l a c e  j u s t  a s  in the c a s e  of a t angen t i a l  s lo t ,  wh i l e  
c l o s e  to the po in t  of  i n j e c t i o n  (X/SH < 10) ~ d e c r e a s e s w i t h  an i n c r e a s e  in the i n j e c t i o n  coe f f i c i en t .  Thus ,  
f o r  e x a m p l e ,  fo r  a s l o t  wi th  ang le  y = 90 ~ a t  an i n j e c t i o n  c o e f f i c i e n t  m = 1.6 t h e r e  i s  a d e c r e a s e  of 50% in 
the e f f i c i ency  c l o s e  to the s l o t  in c o m p a r i s o n  wi th  the e f f i c i e nc y  fo r  a t angen t i a l  s l o t  (y = 0~ Here  i f  we 
c o n s i d e r  the m i n i m u m  a l l o w a b l e  va lue  of the e f f i c i e n c y  to be ~7 = 0.4, the ex ten t  of s h i e l d i n g  of  the p l a t e  
s u r f a c e  f r o m  the e f fec t  of  the p r i m a r y  c u r r e n t  i s  r e d u c e d  by f ive t i m e s  in c o m p a r i s o n  with  a t angen t i a l  
i n j e c t i o n  of  the s e c o n d a r y  a i r  supp ly .  An a n a l o g o u s  p i c t u r e  is  found in a c o m p a r i s o n  o f  the e x p e r i m e n t a l  
da t a  for  s l o t s  wi th  3/ = 45 ~ on the one hand  and 3, = 75 ~ on the o t h e r .  

A c o r r e l a t i o n  of  al l  the e x p e r i m e n t a l  da t a  on the e f f i c i e n c y  of  h e a t  s h i e l d i n g  of a p lane  wa l l  beh ind  
s l o t s  (3' = 0, 45, 75, and 90 ~ wi th  f ixed  v a l u e s  of  the i n j e c t i o n  c o e f f i c i e n t  i s  p r e s e n t e d  in  F ig .  3. As  s een  
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Fig. 3. Dependence of efficiency of heat shielding of a wall on 
the dimensionless  distance x / s  H for three fixed values of the 
injection coefficient m = 0.3, 0.5, and 0.8 (a) and m = 1.0, 1.2, 
and 1.5 (b) and different angles of secondary air  injection ~/: 
I) y = 0~ 2) 45~ 3) 75~ 4) 90 ~ . 

f rom the figure,  with an increase  in the secondary air  injection angle the efficiency on the whole decreases  
along the whole length of the measur ing  plate for all values of the injection coefficient. Vibration in the 
values of the efficiency at all profi les  x / s  H = const can essential ly be ignored at small injection coeffi-  
cients m <- 0.3 for slots with y <- 75 ~ and at m <_ 0.5 for slots with y <- 45 ~ At large values of the injection 
coefficient (0.5 < m < 1.6) the maximum reduction in efficiency for a slot with ~/= 45 ~ does not exceed 0.15 
in compar ison with a tangential slot. As seen f rom Fig. 3, with an increase  in the dimensionless  distance 
f rom the slot X/SH at small  injection coefficients (m <- 0.8) the efficiency curves  have a tendency to draw 
together.  

For  slots with y = 45 ~ the relat ive configuration of the outlet edges (see Fig. 1) has pract ical ly  no 
influence on the efficiency of thermal shielding of the wall, while at the same time for slots with 7 = 75~ 
the grea tes t  efficiency is found when the edges are set perpendicular  to the slot axis (II). 

The configuration of edges flush with the shielded surface (I) leads to a negligible reduction in ef-  
f iciency in compar ison  with the case given above (II) [7l. 

On the basis  of the experiments  conducted an increase  in the angle of secondary air  injection in r e l a -  
tion to the shielded plate surface leads both to a reduction in the efficiency of heat shielding of the wall in 
compar ison with tangential injection, and to a change in the nature of the dependence of efficiency on the 
injection coefficient in the immediate vicinity of the slot; the relative a r rangement  of the outlet edges of 
the slots with 7 -< 45~ has pract ical ly  no influence on the efficiency, and at angles y > 45 ~ one can r e c o m -  
mend an a r rangement  of the edges flush with the shielded surface.  

- (T1 -T~t .w.) / (TI-T2) 
Ta.w. 
T 1 and T 2 
T a T  
Re i 

m -- P 2 U 2 / p l U l  

plu~ and P2u2 
U2 
U I 

X 

N O T A T I O N  

is the efficiency of heat shielding of a wall; 
is the adiabatic wall tempera ture ;  
are the t empera tures  of the p r imary  and secondary cur ren ts ,  respect ively;  
is the tempera ture  of the surrounding medium; 
is Reynold 's  number,  calculated f rom the pa ramete r s  of the p r imary  cu r -  
rent and the slot height SH; 

is the injection coefficient; 
are the mass  velocit ies of the p r imary  and secondary currents ;  
is the project ion of the secondary current  velocity on the axis of the slot channel; 
is the p r imary  cur ren t  velocity; 
is the distance along the measur ing plate f rom the r ea r  edge of the slot (with the 

current) .  
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