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The  a r t i c l e  g i v e s  the  r e s u l t s  of a s y s t e m a t i c  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  of the  e f f i c i ency  of a 
gas  s c r e e n  a t  a b u r n i n g - o u t  g r a p h i t e  s u r f a c e  o r g a n i z e d  in d i f f e r e n t  m a n n e r s  and with the  
b lowing  of a f o r e i g n  gas  in to  the  bounda ry  l a y e r .  In the  e x p e r i m e n t s ,  the  Reyno lds  n u m b e r  
was  v a r i e d  wi th in  the  l i m i t s  Rs ~ 1.2 �9 105 = 1.6 - 106, R*~ 1 0 0 - 2 0 0 0 ,  Rz = 2.3 �9 1 0 ~ - 1 . 5  �9 104; 
the  en tha lpy  f a c t o r  of the  n o n i s o t h e r m i c i t y  in the  in i t i a l  c r o s s  s e c t i o n  v a r i e d  f r o m  i s / i  0 = 1 
wi th  the  t angen t i a l  b lowing  of n i t rogen  to i s / i  0 ~34  with the  b lowing  of h e l i u m  through the  
h e a t e d  p o r o u s  s ec t i on .  

P r o t e c t i o n ,  us ing  gas  s c r e e n s ,  of v a r i o u s  s t r u c t u r a l  e l e m e n t s  f r o m  the  ac t ion  of h i g h - t e m p e r a t u r e  
and c h e m i c a l l y  a g g r e s s i v e  g a s  f lows i s  e f fec ted ,  a s  a ru le ,  under  c o m p l e x  g a s d y n a m i c  c o n d i t i o n s .  The  
p r o b l e m  of c a l c u l a t i n g  the  bounda ry  l a y e r  unde r  t h e s e  c ond i t i ons  is  c o m p l i c a t e d  by the  need to t ake  accoun t  
of the  ef fec t  of the  c h a r a c t e r i s t i c s  of v a r i o u s  p e r t u r b i n g  f a c t o r s :  n o n i s o t h e r m i c i t y ,  b lowing of a f o r e ign  
gas ,  c h e m i c a l  r e a c t i o n s  a t  the  wa l l ,  e tc .  The  p r e s e n t  a u t h o r s  have  i n v e s t i g a t e d  [1] the  b u r n i n g - o u t  of g r a p h -  
i t e  s u r f a c e s  u n d e r  cond i t i ons  of h o m o g e n e o u s  t angen t i a l  blowing.  It is  shown in [1] that ,  in the  c a s e  of a 
h o m o g e n e o u s  t u r b u l e n t  b o u n d a r y  l a y e r ,  the  r e l a t i v e  funct ion of the  hea t  and m a s s  t r a n s f e r  has  the  s a m e  
f o r m  as  with b u r n i n g - o u t  wi thout  a s c r e e n  
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w h e r e  e l  i s  the  en tha lpy  f a c t o r  of the n o n i s o t h e r m i c i t y ;  b c i s  the c r i t i c a l  b lowing  p a r a m e t e r .  

In the  c a s e  of h o m o g e n e o u s  b lowing ,  the  e f fec t  of the  s c r e e n  i s  t aken  into c o n s i d e r a t i o n  by the p a r a m -  
e t e r  of the  p e r m e a b i l i t y  

bl* = 0.75K 0 (l - -  (1) (2) 

w h e r e  K 0 i s  the c o n c e n t r a t i o n  of oxygen in the  ma in  flow; 0 is  t he  e f f i c i ency .  T h e r e  have  been  no 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  of the  ef fec t  of nonhomogeneous  b lowing on the r a t e s  of hea t  and m a s s  t r a n s f e r  unde r  
the  c o n d i t i o n s  of a s c r e e n .  It i s  shown in [2] that ,  f o r  the c a s e  of i n h o m o g e n e o u s  b lowing  in a t u rbu l en t  
b o u n d a r y  l a y e r ,  the  r e l a t i v e  funct ion of h e a t  and m a s s  t r a n s f e r  has  the  f o r m  
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w h e r e  M 0 and Mw* a r e  the  m o l e c u l a r  we igh t s  of the  ma in  flow and of the  m i x t u r e  of g a s e s  at  an a d i a b a t i c  
n o n - r e a c t i n g  wal l ;  T O and Tw* a r e  the  t e m p e r a t u r e s  of the ma in  flow and of the  a d i a b a t i c  wa l l .  R e l a t i o n -  
sh ip  (3) d i f f e r s  f r o m  r e l a t i o n s h i p  (1) by the  f a c t o r  M w * T o / M o T w *  , t ak ing  accoun t  of the  ef fec t  of the  s c r e e n  
on the  funct ion  ~I, and on the  p a r a m e t e r  of the  d i s p l a c e m e n t  of the  bounda ry  l a y e r  be ,  which ,  with r >1, 
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is  d e t e r m i n e d  by the  e x p r e s s i o n  

Mw*7"~ ( a r c  2 - - ~ t  \ z  bo = cos-- ) 

In the  p r e s e n t  w o r k ,  to v e r i f y  t h e o r e t i c a l  d e p e n d e n c e  (3), s y s t e m a t i c  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  w e r e  
m a d e  of the  e f f i c i ency  of a gas  s c r e e n  at  a b u r n i n g - o u t  g r a p h i t e  s u r f a c e ,  wi th  the  b lowing  of a f o r e i g n  gas .  
The  e x p e r i m e n t s  w e r e  c a r r i e d  out  in a uni t  wi th  the  induc t ion  h e a t i n g  of a c y l i n d r i c a l  g r a p h i t e  channe l ,  a 
d e s c r i p t i o n  of which ,  a long  with the  e x p e r i m e n t a l  me thod ,  i s  g iven  in [1, 3]. B u r n i n g - o u t  w a s  i n v e s t i g a t e d  
with two s c h e m e s  f o r  t he  o r g a n i z a t i o n  of the  s c r e e n :  a) b lowing of an i n e r t  g a s  th rough  a t a n g e n t i a l  s lo t ;  b) 
b lowing  of an i n e r t  g a s  th rough  an i n i t i a l  p o r o u s  s ec t i on .  

In the  c a s e  of the  t a n g e n t i a l  b lowing  of an i n e r t  gas ,  the  w o r k i n g  s e c t i o n ,  a s c h e m a t i c  d i a g r a m  of which 
i s  g iven  [1], c o n s i s t e d  of two c o a x i a l l y  m o u n t e d  s h a p e d  n o z z l e s ,  e n s u r i n g  u n i f o r m  v e l o c i t y  p r o f i l e s  of the  a i r  
and the  blown gas  at  the  in le t  to the  g r a p h i t e  channe l .  The  d i a m e t e r  of the  o u t e r  n o z z l e  was  equal  to the  
i n s i d e  d i a m e t e r  of the  g r a p h i t e  channe l  and w a s  41 m m ;  the d i a m e t e r  of the  i n s i d e  n o z z l e  w a s  38.92 m m .  
The  w a l l  of the  g r a p h i t e  c h a n n e l  wi th  a t h i c k n e s s  of 5-10 m m  was  h e a t e d  up to  a t e m p e r a t u r e  Tw = 1600-  
2000 ~ K us ing  a h i g h - f r e q u e n c y  unit .  A i r  a t  a t e m p e r a t u r e  of T o ~ 290 ~ K was  fed into the  e x p e r i m e n t a l  s e c -  
t ion th rough  the i n n e r  nozz l e ;  the  blown g a s  (n i t rogen ,  a r g o n ,  o r  he l ium)  a t  t he  s a m e  t e m p e r a t u r e  was  fed  
th rough  a s l o t  with a width of 2.08 mm,  f o r m e d  by the  n o z z l e s .  T h e  length  of the  g r a p h i t e  c h a n n e l  l ~ 190 
m m .  2 ~ e  d e n s i t y  of the  g r a p h i t e  s a m p l e s  t e s t e d  v a r i e d  f r o m  1000 to 1925 k g / m  3. In the  e x p e r i m e n t s  m a d e ,  
the  R e y n o l d s  n u m b e r s  v a r i e d  wi th in  the  l i m i t s  Rz~ ~ 1 . 2 . 1 0 S - l . 6  �9 106, R* ~ 100-2000,  Rs  ~ 2 . 3 "  102-1.5  �9 104, 
which  e n s u r e d  t u r b u l e n t  f low c o n d i t i o n s  in the  b o u n d a r y  l a y e r .  The  e x p e r i m e n t a l  v a l u e  of the  r a t e  of b u r n -  
i ng -ou t ,  the  Stanton  n u m b e r ,  and the  R e y n o l d s  n u m b e r s  w e r e  d e t e r m i n e d  by the  r e l a t i o n s h i p s  
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w h e r e  6 i s  the  t h i c k n e s s  of the  b u r n i n g - o u t  l a y e r ;  p is  the  d e n s i t y  of the  g r a p h i t e ;  T is  the  b u r n i n g - o u t  t i m e ;  
i s  t he  length  of the  channe l  r e c k o n e d  f r o m  the  c r o s s  s e c t i o n  w h e r e  the  b u r n i n g - o u t  s t a r t e d .  In the  a n a l y -  

s i s  of the  e x p e r i m e n t a l  r e s u l t s ,  the  en tha lpy ,  t he  hea t  c a p a c i t y ,  and the  m o l e c u l a r  we igh t  of the  m i x t u r e  of 
g a s e s  w e r e  d e t e r m i n e d  f r o m  the  r e l a t i o n s h i p s  
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w h e r e  K i i s  the  we igh t  c o n c e n t r a t i o n  of the  i - t h  c o m p o n e n t  of the  ga s ;  Cpi, Mi a r e  the  h e a t  c a p a c i t y  and the  
m o l e c u l a r  weight .  The  v i s c o s i t y  of the  m i x t u r e  of g a s e s  w a s  d e t e r m i n e d  us ing  the  W i l k e  f o r m u l a .  

T h r e e  s e r i e s  of e x p e r i m e n t s  w e r e  m a d e  with b lowing  th rough  a t a nge n t i a l  s l o t  and t h r e e  s e r i e s  of 
e x p e r i m e n t s  with the  b lowing  of n i t r o g e n ,  a r g o n ,  o r  h e l i u m  th rough  an i n i t i a l  p o r o u s  s e c t i o n .  The  a i m  of 
the  e x p e r i m e n t  was  to i n v e s t i g a t e  the  e f fec t  of each f a c t o r  s e p a r a t e l y  (the p a r a m e t e r  of p e r m e a b i l i t y ,  t he  
m o l e c u l a r  we igh t  of the  b lown gas ,  the  t e m p e r a t u r e  and en tha lpy  f a c t o r s ,  the  n o n i s o t h e r m i c i t y )  and  t h e i r  
c o m b i n e d  ef fec t  on the  r a t e  of b u r n i n g - o u t  of the  g r a p h i t e  s u r f a c e .  

With b lowing  th rough  a t angen t i a l  s l o t ,  the  t e m p e r a t u r e s  of the  blown g a s  and the m a i n  flow w e r e  
equal ,  T O ~ T s ~ 290 ~ K. T h e  t e m p e r a t u r e  f a c t o r  d e t e r m i n e d  f r o m  the  t e m p e r a t u r e  of the  wa l l  u n d e r  a d i a -  
ba t ic  cond i t i ons  wi th  a s c r e e n  was  equal  to uni ty ,  T0/Tw* = T0/T  s = 1. Th i s  p e r m i t t e d  i s o l a t i n g  the  ef fec t  
of the  i nd iv idua l  f a c t o r s  on the  r a t e  of b u r n i n g - o u t .  

In the  f i r s t  s e r i e s  of e x p e r i m e n t s  with a s c r e e n  of i n e r t  gas ,  an i n v e s t i g a t i o n  w a s  m a d e  of the  b u r n i n g -  
out  of a g r a p h i t e  s u r f a c e  in a flow of a i r ,  with the t a n g e n t i a l  b lowing  of n i t r o g e n ,  i . e . ,  M 0 = M s.  U n d e r  the  
c ond i t i ons  of t h e s e  e x p e r i m e n t s ,  in c o m p a r i s o n  to e x p e r i m e n t s  wi thou t  a s c r e e n  [3], the  r a t e  of b u r n i n g - o u t  
v a r i e d  a long the  length  of the  channe l  in a c c o r d a n c e  with the  c h a n g e  in the  p e r m e a b i l i t y  p a r a m e t e r  (2). The  
r e l a t i v e  f a c t o r  ~I, r e t a i n e d  the  s a m e  f o r m  as  wi thou t  a s c r e e n  (1). An a n a l y s i s  of t h e s e  e x p e r i m e n t s  i s  g iven  
in [1]. In t he  s e c o n d  and th i rd  s e r i e s  of e x p e r i m e n t s ,  a r g o n  o r  h e l i u m  with a t e m p e r a t u r e  T s  ~ T o -~ 290 ~ K 
w e r e  blown into the  s t r e a m  of a i r  t h rough  a t a n g e n t i a l  s lo t .  T h e  cond i t i on  T0/Tw* ~ T0/T  s ~ 1 w a s  s a t i s f i e d ,  
but  the  m o l e c u l a r  we igh t  of the  m i x t u r e  of g a s e s  at  t he  a d i a b a t i c  n o n r e a c t i n g  wa l l  Mw* v a r i e d  a long  the 
length of the  channe l ,  due to  t u r b u l e n t  m ix ing  of the  blown g a s  with the  f low of a i r .  
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As  the  c a l c u l a t i o n s  show, t h e  h e a t  c a p a c i t y  and the m o l e c u l a r  
we igh t  of the  g a s e s  a t  the  wa l l  v a r i e d  only s l i gh t ly  a s  a r e s u l t  of t he  
b u r n i n g - o u t  of the  s u r f a c e .  T h e r e f o r e ,  in t he  e x p e r i m e n t s  the  f a c t o r  
of n o n i s o t h e r m i c i t y  r = i w / i w *  r e t a i n e d  a c o n s t a n t  va lue  a long  the  
length  of the  c ha nne l  and,  in va lue ,  c o r r e s p o n d e d  to the  c a s e  of b u r n -  
i n g - o u t  in a f low of p u r e  a i r  ~i = 7 -9 .  

F i g u r e  1 g i v e s  the  r e s u l t s  of e x p e r i m e n t s  on the  r a t e  of b u r n i n g -  
out  ~ = je/p0WQ of a g r a p h i t e  s u r f a c e  in a f low of a i r  with the  b lowing  
of h e l i u m  th rough  a t a nge n t i a l  s lo t .  T h e  m a s s  flow r a t e  of t he  a i r  w a s  
P0W0 = 150 k g / ( m  2" see) .  E x p e r i m e n t a l  po in t s  I w e r e  ob t a ined  with a 

b lowing  p a r a m e t e r  psWs/p0W0 = 0.0 , t l ,  po in t s  2 with a b lowing  p a r a m c t e r  p s W s / p o W  o = 0.073. 

As  i s  shown in [11, in thc  p r e s e n c e  of a s c r e e n  of i n e r t  gas ,  the  r a t e  of b u r n i n g - o u t  of a g r a p h i t e  s u r -  
f a c e  can  be  d e t e r m i n e d  us ing  the f o r m u l a  

Jr I o~W0 = 2.9.10-2bt*/t~~ ( ~ I ~ o )  0.~- (4) 

w h e r e  S i s  t he  f ichmidt  n u m b e r ;  ~w, ~0 a r e  the  v i s c o s i t i e s  a t  the  wa l l  and in the  ma in  f low. T h e  r e l a t i v e  
funct ion  of the m a s s  t r a n s f e r  ~ was  c a l c u l a t e d  us ing  f o r m u l a  (3) which ,  f o r  t he  c a s e  u n d e r  c o n s i d e r a t i o n ,  has  
the  f o r m  

= ~ ~ #  (5) 

F i g u r e  1 g i v e s  c u r v e s  3 and 4, c a l c u l a t e d  us ing  f o r m u l a s  (4) and (5). C u r v e s  5 and 6 w e r e  c a l c u l a t e d  
us ing  t h e s e  s a m e  f o r m u l a s ,  r e s p e c t i v e l y ,  f o r  the  c ond i t i ons  of e x p e r i m e n t s  3 and 4,  but  wi thout  t ak ing  a c -  
coun t  of the  m o l e c u l a r  we igh t  Mw*/M 0 in f o r m u l a  (5). T h e s e  c u l w e s  l i e  c o n s i d e r a b l y  h i g h e r  than the  e x -  
p e r i m e n t a l  po in t s ,  i . e . ,  the  p r e s e n c e  of the  s c r e e n  m u s t  be  taken  into accoun t  in the  r e l a t i v e  l aws  of h e a t  
and m a s s  t r a n s f e r .  

T h e  e f fec t  of the  m o l e c u l a r  we igh t  of the  blown gas  on the  r a t e  of b u r n i n g - o u t  c a n  be  s e e n  on F ig .  2, 
which shows  the  d e p e n d e n c e  of the  r a t e  of b u r n i n g - o u t  J = f c / P o W o  on the  r e l a t i v e  b lowing  of a r g o n  (4, 5), 
n i t rogen  (6), and h e l i u m  (7). C u r v e s  1, 2, and 3 r e p r e s e n t  c a l c u l a t i o n  us ing  f o r m u l a s  (4) and (5) f o r  a r g o n ,  
n i t r ogen ,  and he l ium.  As  can  be  s e e n  f r o m  the  f i gu re ,  wi th  i d e n t i c a l  m a s s  f low r a t e s  of the  blown gas  and 
o t h e r  c o n d i t i o n s  be ing  equal  (S = 2.08 ram,  ~, = 60 m m ,  T w = 2000 ~ K,  p0W0 = 150 k g / ( m  2" s ee ) ,  the  r a t e  of 
b u r n i n g - o u t  i s  l o w e r  with the  b lowing  of a l i g h t e r  gas .  

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  of the  r a t e  of b u r n i n g - o u t  of a g r a p h i t e  s u r f a c e  u n d e r  the  c ond i t i ons  
of a gas  s c r e e n  beyond  the  s e c t i o n  of p o r o u s  b lowing,  the  i n n e r  n o z z l e  was  r e m o v e d  and a i r  with a t e m p e r a -  
t u r e  T O = 290 ~ K w a s  fed into  the  channe l  (the p r i m a r y  flow).  The  s e c o n d a r y  flow of i n e r t  g a s  was  blown into 
the  bounda ry  l a y e r  th rough  a p o r o u s  s e c t i o n  with a width  S = 40 ram,  m a d e  of p o r o u s  g r a p h i t e  P G - 5 0  with  a 
p o r o s i t y  of 50 %. The  r e m a i n i n g  p a r t  of the  w o r k i n g  s e c t i o n  was  m a d e  of d e n s e  g r a p h i t e  V-1.  Dur ing  an 
e x p e r i m e n t  t he  d e n s e  and p o r o u s  s e c t i o n s  w e r e  h e a t e d  s i m u l t a n e o u s l y ,  which m a d e  i t  p o s s i b l e  to v a r y  the  
h e a t  con ten t  of the  blown g a s .  

The  f i r s t  s e r i e s  of e x p e r i m e n t s  w a s  a i m e d  a t  v e r i f y i n g ,  u n d e r  the c o n d i t i o n s  of a s c r e e n ,  t he  e f fec t  
of the  t e m p e r a t u r e  f a c t o r  To/Tw* on the  r a t e  of b u r n i n g - o u t  of a g r a p h i t e  s u r f a c e .  The  e x p e r i m e n t s  w e r e  
m a d e  with  the  b lowing  of n i t r o g e n  th rough  a po rous  s e c t i o n  in which  the  cond i t i on  M w * / M  0 -- M s / M  0 = 1 w a s  
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satisfied. In distinction f rom the case  of blowing through a slot, the nitrogen passing through the porous 
graphite was heated and its t empera tu re  varied within the limits 1510" K < T s < 1970 ~ K (is/i  0 = 6-8.5). 
Downstream beyond the section of porous blowing, the t empera tu re  of the wall cor responding  to adiabatic 
conditions Tw* varied along the length. F igure  3 gives experimental  data, worked up in the form of the 
dependence of the relat ive Stanton number ~r~-= S t / S t 0 ( ~ l  1 = i)~ on the t empera tu re  fac to r  T0/Tw*. The mass  
flow ra te  of the main flow p0W0 ~ 105 kg/(m 2" sec); the t empera tu re  of the impermeable  wall Tw ~- 1950 ~ K; 
the t empera tu re  of the porous wall T s ~ 1510-1970 ~ K; the density of the dense graphi te  p = 1925 kg /m 3. 
The experimental  data a re  in sa t i s fac tory  agreement  with calculation using theformula  (6) 

(6) 

In the second and third se r i e s  of experiments,  argon and helium were  blown through the initial porous 
section. This permit ted investigating simultaneously the effect of all the pa rame te r s  (Mw*/M0, T0/Tw* , ~1, 
and bl* ) on the rate of burning-out of the graphite  surface.  The enthalpy fac tor  of the nonisothermieity i s / i  0 
in the porous section varied from 3 with the blowing of argon to :}4 with the blowing of helium. Figure  4a 
gives experimental  data on the blowing of nitrogen 1 [PsWs = 1.25 k g / ( m ' ,  sec)], argon 2 [PsWs = 0.8 and 
1.88 kg/(m2- sec)], aadhel ium 3 [PsWs = 0.8 and 1.4 kg/(mZ-see)] through the porous section in the form of 
of the dependence of the diffusional Stanton number St = jc/p0w0bi * on RA, calculated f rom the length of the 
dense graphite  section. The mass  flow ra te  of the main flow P0W0 = 105 kg/(m ~. sec). Curve 4 r ep resen t s  
calculation using formulas  (4) and (1). As can be seen f rom the figure, there  is a s trat if icat ion of the ex- 
perimental  data. If, using formula (3), the experimental  data a re  brought back to s tandard conditions and 
a re  worked up in the form of the dependence of the Stanton number  St 0 = jc/(P0w0bl*~ ~ on R A (Fig. 4b), they 
are  sa t isfactor i ly  co r re la t ed  (curve 5) by the dependence 

Sto . . . . .  St / To.~ 2.9.'10"V~, ~ S "-~ (p-,~,ao)~ o.z 

F igure  5 gives the resul ts  of all the experiments  on the ra te  of m a s s  t r ans fe r  at a burning-out  g raph-  
ite surface:  2) without blowing: 3, 4, 5) tangential blowing of nitrogen, argon, and helium; 6, 7, 8) burning- 
out beyond the section of the porous blowing of nitrogen, argon, and helium. As calculat ions show, under the 
conditions of these experiments,  the effect of the t r ansve r se  flow of mass on the heat and mass  t rans fe r  
did not exceed 10%, i.e., the principal  effect was that of the nonisothermici ty of the flow. Under the condi-  
tions of a screen,  this effect is determined from formula  (3) (curve 1), which is in sa t is factory agreement  
with the experiments.  The divergence of the experimental  points f rom the calculation can be explained by 
the effect of thermodiffusion [4]. 

This figure also gives experimental  data 9 (on the relat ive hea t - t r ans fe r  coefficients [5]) and 10 (on 
the fr ict ion coefficients [6]), obtained under conditions of la rge  tempera ture  heads (0.1 < ~'1 < 7), in a turbu-  
lent boundary l aye r  without a screen.  

51 



1. 

2. 

3. 

4. 

5. 

6. 

L I T E R A T U R E  C I T E D  

~. P. Volchkov, E. G. Zaulichnyi, A. I. Leont 'ev,  and E. I. Sinaiko, "Interact ion between a graphite  
surface  and a turbulent flow of gas under conditions of considerable  nonisothermici ty and in the p r e -  
sence of a sc reen  of neutral  gas, n Teplofiz. Vys. Temp.,  8, No. 1 (1970). 

l~. P. Volchkov, "Heat and mass  t rans fe r  in a nonisothermal turbulent flow in the presence  of a sc reen  
of foreign gas," Zh. Prikl .  Mekhan. i Tekh. Fiz. ,  No. 5 (1971). 
A. L Leont 'ev,  t~. P. Volchkov, E. I. Zaulichnyi, and E. I. Sinaiko, "Exper imental  determination of the 
ra te  of entrainment of graphite  under conditions of considerable  nonisothermici ty,  ~ Fiz.  Goreniya i 
Vzryva, 3, No. 2 (1967). 
E. P. Vo~chkov, P. V. Nikitin, and E. I. Sinaiko, "Evaluation of the effect of thermodiffusion on the 
ra te  of burning-out  of a sur face  in an inhomogeneous turbulent boundary layer ,"  Zh. Prikl .  Mekhan. 
i Tekh. Fiz . ,  No. 5 (1972). 
A. I. Leont 'ev,  B. P. Mironov, and A. V. Fafurin,  "Exper imental  investigation of turbulent heat t r ans -  
fe r  in the initial and stabilized sections of a cyl indrical  tube under conditions of considerable  non- 
isothermici ty ,"  Inzh. -Fiz .  Zh., 16, No. 4 (1969). 
H. C~ Perkins  and P. Worsol-Schmidt ,  "Turbulent heat and momentum t rans fe r  for  gases  in a c i r c u -  
lar tube at wall to bulk temperature  rat ios  to seven, ~Internat. J. Heat and Mass Trans. ,  8_, No. 7, 
1011-1031 (1965). 

52 


