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R e s u l t s  a r e  p r e s e n t e d  of an  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 h e a t  t r a n s f e r  f r o m  h e a t e d  s u r f a c e s  s u r r o u n d e d  by  a 
g a s - l i q u i d  f o a m  l a y e r  in  t h e  c a s e  of l a r g e  s p e c i f i c  h e a t  f l u x e s .  T h e  t e m p e r a t u r e  of t he  h e a t - t r a n s f e r  s u r f a c e  in a f o a m  
l a y e r  i s  m u c h  l o w e r  t h a n  in t h e  c a s e  of  b o i l i n g  w i t h  a p p r o x i m a t e l y  t h e  s a m e  s p e c i f i c  h e a t  f lux.  

T h e  e x p e r i m e n t s  w e r e  c a r r i e d  out  at  a t m o s p h e r i c  p r e s s u r e  in  a c o l u m n  of c r o s s  s e c t i o n  120 • 120 m m  w i t h  a 
w a t e r - a i r  s y s t e m  at  g a s  v e l o c i t i e s  W = 0 . 4 - 4 . 5  m / s e e  in t h e  f r e e  s e c t i o n  of t h e  a p p a r a t u s .  
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Fig .  1 

T h e  a i r  w a s  d e l i v e r e d  t h r o u g h  a s c r e e n  w i t h  p a r a m e t e r s  d o = 3 r a m ,  m = 8 r a m ,  S o = 0 .08 at  W = 0 . 4 - 2 . 0  m / s e e  

and  d o = 3 m m ,  m = 5 m m ,  S o = 0 .192  at  W = 3 . 0 - 4 . 5  m / s e e .  
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Fig.  2 

T h e  h e a t  t r a n s f e r  e l e m e n t s  w e r e  c o p p e r  t u b e s  0 .2  m m  t h i c k  and  4 m m  in  d i a m e t e r  m o u n t e d  at  a d i s t a n c e  of 75 
m m  f r o m  t h e  s c r e e n .  T h e s e  t u b e s  w e r e  h e a t e d  by  l o w - v o l t a g e  ac  c u r r e n t  f r o m  a M S R - 2 5  c o n t a c t  w e l d i n g  t r a n s f o r m e r ,  

w h i c h  could  p r o v i d e  s p e c i f i c  h e a t  f l u x e s  up  to  1 . 2 . 1 0 6  W / m  2. 

T h e  f o a m  t e m p e r a t u r e  w a s  m e a s u r e d  w i t h  s i x  e o p p e r - c o n s t a n t a n  t h e r m o e o u p l e s .  T h e  w a l l  t e m p e r a t u r e  w a s  
m e a s u r e d  in  two w a y s  : by  n i n e  t h e r m o c o u p l e s  w e l d e d  to t h e  o u t e r  s u r f a c e  of t h e  t u b e ,  and  by  one  m o v a b l e  t h e r m o c o u p l e  
on  t h e  t u b e  a x i s  [1 ,2] .  T h e  e n d s  of  t h e  t u b e s  w e r e  s e a l e d  w i t h  p l u g s  to p r e v e n t  m o v e m e n t  of t h e  a i r  i n s i d e  t h e  t u b e s .  

T h e  e x p e r i m e n t s  at  W = 0 . 4 - 2 . 0  m / s e e  c a r r i e d  out  w i t h  a c o n s t a n t  f o a m  h e i g h t  of 160 m m .  At W = 3.0 and  4 .5  
m / s e c ,  w h e n  t h e  f o a m  l a y e r  l a c k e d  a d i s t i n c t  u p p e r  b o u n d a r y ,  we a l so  m e a s u r e d  t h e  i n i t i a l  w a t e r  l e v e l s  on  t he  

s c r e e n ,  w h i c h  w e r e  36 and  14 m m ,  r e s p e c t i v e l y .  

F i g u r e  1 s h o w s  t h e  h e a t  t r a n s f e r  c o e f f i c i e n t  ~ in  W / m  2 �9 deg  as  a f u n c t i o n  of t h e  h e a t  f lux  d e n s i t y  in  W / m  ~" f o r  
d i f f e r e n t  W. F i g u r e  1 s h o w s  t h a t  ~ i n c r e a s e d  w i t h  i n c r e a s e  in q and  W up to  ~ 3 m / s e e .  Wi th  f u r t h e r  i n c r e a s e  in g a s  
v e l o c i t y  t h e  v a l u e s  of ~ b e g a n  to  d e c r e a s e .  T h i s  c an  b e  a t t r i b u t e d  to t h e  r e d u c t i o n  of h e a t  t r a n s f e r  due  to t h e  
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t r a n s i t i o n  f r o m  f o a m  to s p r a y .  

It s h o u l d  b e  n o t e d  t h a t  t he  t e m p e r a t u r e  of t h e  h e a t - t r a n s f e r  s u r f a c e  w i t h  q = 106 W / m  z w a s  a p p r o x i m a t e l y  85 ~ C at 

W ~ 3 m/see and i00 ~ C at W = 1.2 m/see. In the ease of pool boiling of water at atmospheric pressure a wall 

t e m p e r a t u r e  of abou t  130 ~ C c o r r e s p o n d s  to t he  c r i t i c a l  h e a t  f lux  (q .  ~ l0  G W/m2).  

T h u s ,  t h e  c o n d i t i o n s  f o r  h e a t  t r a n s f e r  in  f o a m  a r e  b e t t e r  t h a n  t h e  c o n d i t i o n s  a s s o c i a t e d  w i t h  b o i l i n g .  In a d d i t i o n ,  
i t  s h o u l d  b e  n o t e d  t h a t  t h e  s p e c i f i c  h e a t  f l u x e s  o b t a i n e d  in t h e  e x p e r i m e n t s  w e r e  no t  t he  m a x i m u m  v a l u e s  f o r  f o a m  and  
w e r e  l i m i t e d  by  t h e  p e r f o r m a n c e  of t h e  t r a n s f o r m e r .  

T h e  f o a m  t e m p e r a t u r e  t in  t h e  e x p e r i m e n t s  d id  not  e x c e e d  38 ~ C (Fig .  2). T h e  f i g u r e  s h o w s  t h a t ,  as  was  to b e  

e x p e c t e d ,  t h e  f o a m  t e m p e r a t u r e  i n c r e a s e d  m o r e  r a p i d l y  w i t h  i n c r e a s e  in q in  t h e  c a s e  of low g a s  v e l o c i t i e s  in t he  
c o l u m n .  

F i g u r e  3 s h o w s  q as  a f u n c t i o n  of  t h e  d i f f e r e n c e  in t e m p e r a t u r e s  of t h e  w a l l  and  f o a m  f o r  W = c o n s t .  
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Fig.  3 

T h e  o b t e n t i o n  of t h e  r e l a t i o n s h i p  ~ = f ( q ,  W) in  t h e  f o r m  of a p o w e r  f u n c t i o n  

~Z ~ C q m W  n .(1) 

i s  of d e f i n i t e  p r a c t i c a l  i n t e r e s t .  
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In t he  c o n s i d e r e d  v e l o c i t y  r a n g e  W = 0 . 4 - 3  m / s e c  we o b t a i n e d  n = 0 .106 f r o m  an a n a l y s i s  of t h e  e x p e r i m e n t a l  
da t a .  

F i g u r e  4 s h o w s  t h e  e x p e r i m e n t a l  d a t a  f o r  t h e  h e a t  t r a n s f e r  f r o m  t h e  w a l l  of t h e  b e a t - t r a n s f e r  e l e m e n t  to  t he  
w a t e r - a i r  f o a m  in t h e  f o r m  of t he  r e l a t i o n s h i p  ~ / W  ~176 = f ( q )  in  l o g a r i t h m i c  c o o r d i n a t e s .  T h e  i n d e x  of  t h e  p o w e r  of 
q (W/mZ), a s  t h e  f i g u r e  s h o w s ,  h a s  d i f f e r e n t  v a l u e s  f o r  two r e g i o n s  of q. 

As a r e s u l t  we o b t a i n  

cr = 2 i 9 0  q~  W Oml0~ f o r  q = 4 �9 t04 § 6 �9 i05 W/m z (2) 

= 6t2q ~ W ~176 f o r  q = 6 �9 i0~--1.2 . t06 W / m  2 (3) 

T h e  d i f f e r e n c e s  b e t w e e n  t h e  v a l u e s  of t h e  h e a t  t r a n s f e r  c o e f f i c i e n t s  d e t e r m i n e d  f r o m  f o r m u l a s  (2) mid (3) and  t h e  
e x p e r i m e n t a l l y  o b t a i n e d  v a l u e s  d id  no t  e x c e e d  ~5%. 
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