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INFLUENCE OF AN INDIVIDUAL VAPOR-PRODUCTION SITE AND THE RATE 
OF BREAKAWAY OF VAPOR BUBBLES ON WALL TEMPERATURE 
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The wall temperature at an individual vapor-producing site has been 
measured. The presence of such a site on the heater wall causes a pro- 
nounced fall in T w. Increase in the rate of breakaway of vapor bubbles 
also lowers Tw, but to a lesser extent. 

I t  is known that  the i n c r e a s e  in the heat t r a n s f e r  
coeff ic ient  dur ing  boi l ing is  r e la ted  to an i n c r e a s e  in 
the n u m b e r  of act ive s i tes  and the ra te  of breakaway 
of vapor  bubbles  f rom the hea t e r  su r face ,  and that the 
product ion  and breakaway of vapor  bubbles ,  which 
make  the boundary  l aye r  tu rbu len t ,  play a dec is ive  
ro le  in boi l ing  heat  t r a n s f e r .  However,  the individual  
con t r ibu t ions  of each of these  two fac tors  (the p r e s e n c e  
of an act ive si te  and the ra t e  of bubble  breakaway)  to 
the lower ing of the wall  t e m p e r a t u r e  a re  not known. 

The answer  to this  ques t ion may be obtained by di-  
r ec t  m e a s u r e m e n t  of T w under  a vapor -p roduc ing  si te ,  
Although the p r o c e s s  of vapor  bubble product ion  at  a 
fixed point  of the hea te r  sur face  is a poor ly  cont ro l led  
one, we succeeded in m e a s u r i n g  T w at an individual  
vapor -p roduc ing  si te .  

The m e a s u r e m e n t s  were  c a r r i e d  out us ing  an ex-  
p e r i m e n t a l  setup (Fig. 1) cons i s t ing  of a textol i te  con-  
t a i n e r  with two opposi te  wal ls  made  of g lass .  The base  
of the con ta ine r  cons i s t ed  of two textol i te  p la tes ,  with 
a sma l l  me t a l  box m e a s u r i n g  25 • 10 m m  t ight ly sea led  
into the upper  one. A n i ch rome  wire  hea t e r  was in -  
s ta l led  in the box, and the bot tom of the box, which 

f a c e d  upwards ,  s e rved  as  the hea te r  surface .  The 
t e s t s  were  c a r r i e d  out on a s t a i n l e s s  s tee l  plate  0.7 

m m  thick.  
A c o p p e r - c o n s t a n t a n  the rmocouple  was sea led  into 

the middle  of the plate.  I ts  junc t ion  was brought  
through to the sur face  of the plate  f rom below and 
peened f lush with the sur face .  Undernea th ,  the hea te r  

was insula ted  with mica  and a sbes to s ,  and then the 
second textol i te  plate  was r ig id ly  c lamped to the f i r s t  
and to the con ta ine r  i t se l f  by four  bolts ,  In this  way 
the t h e r m a l  lo s ses  f rom the hea te r  were  min imized .  

Resu l t s  of Wall  T e m p e r a t u r e  M e a s u r e m e n t s  
at an Individual  V a p o r - P r o d u c i n g  Site 

Heat flux 
density 
q, kW/m 2 

Tw, "K Test conditions 

Pure water (u0 = 32 sec -1) 

49.2 381.2 ~Vapor-producing site present 
63.6 388,2 / " 
67.2 388.6 
76.0 394,2 , 

Solution of a surface-active agent (u 0 = 51 sec "1) 

50.0 379.0 Vapor-prodUcing site present 
65.5 402.3 Vapor-producing site absent 
66.7 388. ~ Vapor-producing site present 
63.0 402.2 Vapor-producing site absent 
78.4 403.2 Vapor-producing site absent 
79.5 393.4 Vapor-producing site present 
56.4 383.0 Vapor-producing site present 

In our  case  the method of sea l ing  in  the t h e r m o -  
couple was not quite c o r r e c t  for  m e a s u r e m e n t  of heat -  
e r  su r face  t e m p e r a t u r e ,  s ince  the the rmocoup le  j unc -  
t ion  was peened d i rec t ly  on the pla te  su r face ;  this  
caused  f requen t  p roduc t ion  of vapor  bubbles  n e a r  the 
junc t ion ,  so that  the the rmocoup le  did not  ind ica te  the 
t rue  sur face  t e m p e r a t u r e .  In our  t e s t s ,  however ,  the 
fact  that  vapor  bubbles  were  produced  at the t h e r m o -  
couple junc t ion  was used  to inves t iga te  the inf luence 
of bubble  product ion  on T w. I t  was m o r e  impor t an t  for  
us  to obta in  the r e l a t ive  drop  in  su r face  t e m p e r a t u r e  

w 

b 

tw 

~~IIIIIIIIIT/J,*YlIIIIA I 
Fig. 1. E x p e r i m e n t a l  setup.  
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in the p resence  of a vapor -p roduc ing  si te ,  and when 
the -'ate of vapor bubble breakaway was inc reased ,  
than to obtain the t rue  t e m p e r a t u r e  of the surface  as 
a whole. 
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Fig, 2. Var ia t ion  of wa l l  t e m p e r -  
a ture  as a funct ion of heat flux 
densi ty:  1) with a vapor -p roduc ing  
site p re sen t ;  2) at  i nc rea sed  ra te  
of vapor  bubble breakaway;  3) 
without a vapor -p roduc ing  site.  

When the water  boi led at the thermocouple  junct ion ,  
vapor  bubbles  were always fo rmed  at a s ingle  vapor -  
producing site.  The ra te  with which they were formed 
was var ied  by adding a s u r f a c e - a c t i v e  agent  (OP-25) 
to the water .  When the solut ion of s u r f a c e - a c t i v e  agent 
boi led,  the product ion  of vapor  bubbles  s o m e t i m e s  
ceased.  In al l  ca ses  we m e a s u r e d  wall t e m p e r a t u r e ,  
voltage drop,  and cu r r en t .  

The r e s u l t s  of the m e a s u r e m e n t s  a r e  shown in Fig. 
2 and in the table .  Curve  1 r e l a t e s  to the boi l ing of 
water ,  when the fo rmat ion  of l a rge  vapor  bubbles  was 
obse rved ,  while curve  2 r e l a t e s  to the boi l ing of water  
with a 0.2c2i addi t ion of s u r f a c e - a c t i v e  agent ,  which 
lowers  the sur face  t ens ion  of the water  by 45r;}. The re  
was then a no t iceable  i n c r e a s e  in the ra te  of vapor  bub-  
ble  breakaway (conf i rmed by mo t ion -p i c tu r e  photog- 
raphy),  and T w fell  by approx imate ly  2 degrees .  When 
the vapo r -p roduc ing  s i te  d i sappeared  (boiling of so lu-  
t ion of s u r f a c e - a c t i v e  agent) ,  a sharp  i n c r e a s e  in T w 
(curve 3), ave rag ing  12 deg ree s ,  was observed .  
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Fig. 3. Surface t ens ion  of 
l iquid as a function of t e m -  
p e r a t u r e  for va r i ous  concen-  
t r a t i ons  of s u r f a c e - a c t i v e  
agent:  1) 0 . 0 % ; 2 ) 0 . 0 5 % ; 3 )  

0. lc)( ; 4) 0.2 '~.  

The mot ion-p ic tu re  stuch" of the rate  of vapor  bubble 
breakaway,  ccrrespondinc:  to curves  1 and 2 of Fig. 3, 
was c a r r i e d  out i,n a <pecial appara tus  on a copper 
plate 100 ram in d i ame te r ,  i m m e r s e d  in the liquid, at 
a constant  value of til,.~ het:t flux density q and two ex- 
t r e m e  values  of the surfilce tens ion  cr of the liquid 
(curve 1--59 mN/m at 373 K for pure water ,  and curve  
2--31 mN/m for a 0.2% solution of OP-25).  

The sur face  tens ion  of the liquid was de te rmined  
b y t h e  method of max imum bubble p r e s s u r e .  M e a s u r e -  
men t s  of the v iscos i ty  and densi ty of the liquid showed 
that  the addition of 0.2?~ of su r f ace -ac t ive  agent a l -  
te red  only the surface  tens ion  of the water .  Since the 
la t te r  does not affect the rate  of convect ive heat t r a n s -  
fe r ,  the shift of the cu rves  in Fig. 2 for ident ical  va l -  
ues of q is due to a change in the boil ing mechan i sm.  
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Fig. 4. Dis t r ibu t ion  of vapor  bubbles  
according  to ra te  of breakaway:  1) for 
pure  water  (o- = 59 raN/m); 2) for a 
0.29i solution of s u r f a c e - a c t i v e  agent 

(a = 31 mN/m).  

The r e su l t s  of the m o t i o n - p i c t u r e  inves t iga t ion  a re  
shown in F i g . . t .  The mos t  p robable  of breakaway for 
wa te r  was v 0 = 32, and for the solut ion of s u r f a c e -  
act ive agent v 0 = 51. This  i n c r e a s e  in the ra te  of p r o -  
duct ion of Vapor bubbles  in the p r e s e n c e  of a su r f ace -  
act ive agent  is due ma in ly  to shor ten ing  of the per iod  
between the breakaway of one bubble and the growth of 
a f resh  one. Thus ,  whereas  when water  bo i l s ,  a bub-  
b le  s i t s  on the sur face  for T 1 = 0. 014 sec ,  and the next 
bubble  grows in 7~ = 0. 017 sec ,  when the solut ion 
bo i l s ,  T 1 = 0.018 sec and T2---- 0.0016 sec ,  i . e . ,  the 
in t e rva l  be tween breakaway and the gro~qch of a f resh  

bubble v i r t ua l l y  d i s a ppe a r s ,  which,  of c ou r se ,  leads 
to an i n c r e a s e  in the ra te  of vapor  bubble product ion.  

Thus ,  our  inves t iga t ion  has shown that  the p r e s e n c e  
of a vapo r -p roduc ing  s i te  on the heat ing sur face  lowers  
the wall  t e m p e r a t u r e  apprec iab ly ;  an i n c r e a s e  in the 
r a t e  of vapor  bubble b rcakaway also lowers  the wall 
t e m p e r a t u r e ,  but to a l e s s e r  extent.  Hence it may be 
concluded that  the n u m b e r  of act ive  s i tes  p robab ly  
plays  a dec i s ive  pa r t ,  and the ra te  of b reakaway  of 
vapor  bubbles  a m i n o r  pa r t ,  in boi l ing heat t r a n s f e r .  
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