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Results are presented of an experimental determination of the temp- 
erature difference between a heater surface and Freon-ll3 as a func- 
tion of the heat flux and of the number of active vapor-formation 
ce~l;ers. 

Inves t igat ions  conducted in recen t  y e a r s  by a n u m -  
be r  of au thors  have shown that the in tens i ty  of heat  
t r a n s f e r  in bubble boi l ing is de t e rmined  not only by 
the physica l  p rope r t i e s  of the liquid, the p r e s s u r e ,  
and the heat flux (the t e m p e r a t u r e  head), but a lso  by 
the phys i ca l  and chemica l  p rope r t i e s  of the hea t e r  and 
its sur face  roughness .  Of the Russ ian  r e f e r e n c e s  he re  
we may r e fe r  in the f i r s t  place to [1-5].  

A review of a n u m b e r  of fore ign  inves t iga t ions  de-  
v o t e d  to this  quest ion has been given in [6]. 

F r o m  ana lys i s  of the r e su l t s  of these  works,  the 
conclus ion  may be drawn that the coefficient  of hea t  
t r a n s f e r  f rom a boi l ing liquid at the same  p r e s s u r e  
and given heat  flux depends apprec iab ly  on the n u m b e r  
of act ive vapo r - fo rma t ion  cen te r s  on the hea te r  s u r -  
face. The l a t t e r  is evident ly  de t e rmined  by both the 
phys ica l  and chemica l  p rope r t i e s  [4, 7 -9 ] ,  and the 
c l eanness  of mechan ica l  p repa ra t ion  (roughness)  of 
the hea te r  sur face  [5, 10-14].  

In the opinion of some inves t iga tors ,  the ge ne r a l l y  
accepted re la t ion  for  the heat t r a n s f e r  coeff icient  in 
the bubble boi l ing region,  

a = Aq n = A 1~(l-n) A/~n/(n--}}:~ (1) 

cannot desc r ibe  the t rue  p ic ture  of the p roce s s  witla 
suff icient  comple teness .  

In some expe r imen t s  involving change of su r face  
roughness  and of densi ty  of d i s t r ibu t ion  of vapor -  
fo rmat ion  cen te r s ,  the va lues  not only of A, but a lso 
of the exponent n, have been var ied  [6, 12]. 

It had a l ready  been es tab l i shed  in [1], that,  o ther  
condit ions being equal, we mus t  have the p ropor t ion -  
al i ty  

~ (q/r P ' ) "  ( z /F)" ' .  (2) 

An equation in the fo rm 

q = const A t ~ (z/F) b, (3) 

including two p a r a m e t e r s ,  the t e m p e r a t u r e  head and 
the n u m b e r  of vapo r - fo rma t ion  cen te r s ,  was obtained 
by Tamagata  et al [7]. F r o m  t e s t s  with l iquids  of dif-  
f e ren t  sur face  t ens ions  they found a = 1.5 and b = 0.25. 

A s i m i l a r  equation was obtained also,  f rom e xa m-  
inat ion of the boundary  layer ,  by Zuber  [6] and by 
Tien  [15]. In the f o r m e r  case,  a = 2 and b = 0 .25,  and 
in the l a t t e r  a = 1, b = 0.5.  

Zuber  [6], as a r e s u l t  of study of the dynamics  of 
the l iquid flow c rea ted  by the growing and sepa ra t ing  
bubbles ,  and of a gene ra l i za t ion  of the ava i lab le  ex-  
p e r i m e n t a l  ma t e r i a l ,  came to the conclus ion that  (3) 
was m o r e  genera l  than (1) for  the coeff ic ient  of heat  
t r a n s f e r  in bubble boi l ing of a sa tura ted  liquid. He 
obtained a = 5/t3 and b = 1/3.  

The r e s u l t s  have been  publ ished in [14] of an ex- 
p e r i m e n t a l  de t e rmina t ion  of the heat t r a n s f e r  coeffi-  
cient  dur ing  boi l ing ot F r e o n - l l 3  (FCI2~CCIF2) in  
tubes  of different  roughness .  The l a t t e r  was achieved 
by p r o c e s s i n g  the su r faces  of the expe r imen ta l  tubes  
with ab ra s ive  cloth of d i f ferent  grades .  Heat ing was 
achieved by me a ns  of low voltage a l t e rna t ing  c u r r e n t  
pa s s i ng  through the tube wall. Before the t e s t s  the 
tube sur face  was rubbed down with dichloroethane.  
The t e s t s  were  conducted at a tmospher i c  p r e s s u r e .  
In some of the tes t s ,  bes ides  m e a s u r e m e n t  of q and 
At, a de t e rmina t ion  was made of the n u m b e r  of act ive 
v a p o r - f o r m a t i o n  cen te r s ,  the count being made v i s -  
ual ly.  This  could be done mos t  accura te ly  at sma l l  
heat f luxes.  The data of two o b s e r v e r s  usua l ly  agreed  
to an accu racy  of 1 0 - 1 5 % .  An evaluat ion  was made of 
the tota l  n u m b e r  z of cen te r s ,  th is  being p e r m i s s i b l e  
in a given case ,  if we a s s u m e  that the d imens ions  of 
al l  the expe r imen ta l  tubes  a re  identical .  

F igu re  1 shows the r e s u l t s  of m e a s u r e m e n t  of At 
as a function of z and q. Because  the r e s u l t s  given 
he re  were  assoc ia ted  with t e s t s  to de t e r mi ne  ~, we 
did not a r r ange  the data  for  s t r i c t l y  constant  q in 
tubes  of different  roughness ,  and each of the curves  
of At = f ( z )  shown in Fig. 1 r e l a t e s  to some region of 
va r i a t ion  of q, which poss ib ly  expla ins  the la rge  sca t -  
t e r  of points  on Fig. 1. Examina t ion  of Fig. 1 al lows 
us  to draw ce r t a in  conclus ions ,  one being that for  the 
same  heat flux the t e m p e r a t u r e  head v a r i e s  as a 
funct ion of z. With i n c r e a s e  of z, which cor responded  
in the t e s t s  to the sur face  with la rge  roughness ,  At 
dec reases .  The g rea t e s t  inf luence of the n u m b e r  of 
v a p o r - f o r m a t i o n  c e n t e r s  is  in the sma l l  z region,  
when the re  is t r a n s i t i o n  f rom f ree  mot ion to bubble 
boiling. The dotted l ines  on Fig.  1 join the tes t  data 
to points  lying on the l ine z = 0. The va lues  of At 
co r respond ing  to these  points  were  ca lcula ted  for  con-  
di t ions of absence  of boi l ing accord ing  to the fo rmula  
At = qU:75/B, where  B was de t e rmined  f rom the ex-  

p e r i m e n t a l  fo rmula  for  f ree  motion,  taking account 
of the tes t  data in this  region  for the other  F reons .  
With q = const ,  At ~ z--i/3. 

F igu re  2 shows the r e l a t ion  Atz 1/3 =f (q) .  Here ,  in  
addit ion to the data of F ig .  1, we have also shown 
tes t  points  which did not fal l  in the region  of heat flux 
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Fig .  1. The  in f luence  of  q and z on the t e m p e r a t u r e  head  (~ C~ in bo i l ing  
of F r e o n - 1 1 3  in tubes  of d i f f e r e n t  r o u g h n e s s :  a) fo r  c o p p e r  tubes :  b) for  

s t e e l :  1 - q = 2 6 0 0 - 3 5 0 0  W / m  ~, '2 - 4 4 0 0 - 4 6 0 0 ;  3 - 8 6 0 0 - 9 2 0 0 .  

/ 
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Fig .  2. G e n e r a l i z e d  r e l a t i o n  b e t w e e n  ..~t, z, and q for  bo i l i ng  
o f  F r e o n - l l 3  at  a t m o s p h e r i c  p r e s s u r e :  a) f o r  c o p p e r  tubes :  

b) fo r  s t e e l .  
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r e p r e s e n t e d  on it. The s t r a i g h t  l ine which a p p r o x i -  
m a t e s  to the t e s t  po in ts  of Fig .  2 has  a s lope of a = 
= 3/4.  

Thus,  fo r  F r e o n - 1 1 3  at a t m o s p h e r i c  p r e s s u r e ,  

A t ~ q3/~ (z /F)-~/3,  

q ~ A t 4/3 (z/F) 4/9, 

a - . q  1/4 (zlF) I/3 . (4) 

A c c o r d i n g  to Zuber ,  we have fo r  wa t e r ,  a s  fo l lows 
f rom the da ta  c i ted  above,  

A t ~ q3/~ (z /F)- l /5 ,  

q ~ A t ~/3 (z/F) 1/3, 

~ q2/5 (z /F) , /5 .  (5) 

The da ta  for  F reon-113  , n d  fo r  w a t e r  a r e  0ua l i t a -  
t i ve ly  in ag r eemen t .  The va lue  b = 0 .44  obtained fo r  
F reon -113  l i e s  be tween  the va lues  0 .25 and 0 .5  found 
with the a id  of boundary  l a y e r  t h e o r y  [6, 15]. It fo l -  
lows f rom c o m p a r i s o n  of f o r m u l a s  (4) and (5) that  the 
d e g r e e  of inf luence of the  n u m b e r  of v a p o r - t o r m a t i o n  
c e n t e r s  on At and (~ fo r  F r e o n - l l 3  t u rns  out to be 
g r e a t e r  than fo r  wa te r .  

O b s e r v a t i o n s  [1, 16] show that  the s a t u r a t i o n  p r e s -  
s u r e  a l so  inf luences  the n u m b e r  of v a p o r - f o r m a t i o n  
c e n t e r s .  Even if we suppose  that  a t  the s ame  p the 
n u m b e r  z / F  for  F r e o n  and w a t e r  is  the  same ,  and 
that  the d e g r e e  of inf luence on z / F  is  a l so  the s ame  
fo r  them,  then in a c c o r d a n c e  with (4) and (5), the v a r -  
ia t ion of hea t  t r a n s f e r  coef f ic ien t  with p r e s s u r e  
p r o v e s  to be l a r g e r  in the f i r s t  c a s e  than in the second.  
Taking  into account  the lower  c r i t i c a l  p a r a m e t e r s  of 
the  F r e o n s  in c o m p a r i s o n  with wa te r ,  we m a y  expect  
a s t e e p e r  inf luence of p r e s s u r e  on z fo r  t hem than 
fo r  wa t e r ,  and t h e r e f o r e  a m o r e  subs tan t i a l  va r i a t i on  
of hea t  t r a n s f e r  coef f ic ien t  with i n c r e a s e  of p r e s s u r e .  

Th is  is  ev iden t ly  one of the c a u s e s  of l ack  of 
a g r e e m e n t  be tween e x p e r i m e n t a l  da ta  fo r  the F r e o n s  
and a n u m b e r  of ca l cu l a t ed  c r i t e r i a l  equat ions .  

s a t u r a t e d  l iquid;  z is  the  n u m b e r  of v a p o r - f o r m a t i o n  
c e n t e r s ;  c~ is  the heat  t r a n s f e r  coef f ic ien t ;  p i s  the 
dens i ty  of the  d r y  s a t u r a t e d  vapor .  
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NOTATION 

A and B a r e  coef f ic ien t s ;  F is  the a r e a  of the 
h e a t e r  su r f ace ;  p i s  the  p r e s s u r e ;  q i s  the  hea t  flux; 
r is  the hea t  of vapor  fo rmat ion ;  At is  the t e m p e r a -  
tu re  d i f f e rence  between the h e a t e r  su r f ace  and the 
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