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Various  solutions a re  cons idered  to the p rob lem concerning the  buildup ra te  of vapor  bubbles 
at a hea te r  surface .  The applicabil i ty ranges  of ex t r ema l  solutions a r e  es tabl i shed on the 
bas i s  of the Jacob number .  

One basic  physical  p a r a m e t e r  which c h a r a c t e r i z e s  the heat  t r a n s f e r  during boiling is the buildup ra te  
of vapor  bubbles at the hea te r  surface .  The buildup of a bubble is due to evaporat ion of superhea ted  liquid 
adjacent  to its surface .  The ra te  of heat supply is de te rmined  by the hydrodynamic conditions around the 
bubble sur face .  

So far  var ious  physical  models  have been proposed  to descr ibe  the buildup of vapor  bubbles,  and so-  
lutions to the p rob lem have been obtained accordingly.  Several  authors  [1-5] have der ived appropr ia t e  r e -  
la t ions  which can be put in the f o r m  of the following equation: 

dR a' 
Ja 2. (1) 

dT - p~ R 

Solution (1) is based  on the concept  of a vapor  bubble building up inside the volume of superheated  
liquid due to an excess  superheat  enthalpy. Depending on the method of solution and on the prec is ion  with 
which va r ious  f a c t o r s  a re  accounted for  (curvature of the hea t e r  sur face ,  dynamic effects ,  etc.  ), the v a l -  
ues  of coefficient/31 range f rom 8/9~ to 2. 

D. A. Labuntsov [6, 7] has  developed new physical  concepts  about the buildup ra te  of vapor  bubbles 
nucleating on the hea te r  sur face .  According to his  model ,  the pr incipal  evaporat ion zone c o m p r i s e s  the 
a r e a s  nea r  the bubble base .  Moreover ,  the heat  for  evaporat ion en te r s  d i rec t ly  f r o m  the hea te r  surface ,  
conducted through the l aye r  of adjacent  superhea ted  liquid. Such a model of the mechan i sm has  yielded 
the following solution: 

a '  
dRd.c = ~' ~ Ja.. (2) 

It i s  quite evident that the basic  d i f ference  between solutions (1) and (2) l ies  in the power  of the Jakob 
modulus in the express ion  for  the buildup ra te .  Inasmuch as the value of the Jakob modulus is de te rmined  
by the t he rma l  flux density and the sa turat ion p r e s s u r e ,  the buildup ra te  of a bubble is different  according 
to (1) and (2) respec t ive ly ,  depending on the basic  s ta te  p a r a m e t e r s .  
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V. V. Yagov [8] has  p roposed  a new model  of bubble buildup on a hea te r  sur face .  It  is a s sumed  in 
th is  model  that  evaporat ion of the liquid into a vapor  bubble r e su l t s  f r o m  the heat  t r ansmi t t ed  through the 
liquid l aye r  at the bubble base ,  d i rec t ly  f r o m  the hea t e r  sur face ,  and the heat  given off by the superhea ted  
liquid l aye r  at the in terphase  boundary.  The solution based  on such a model will be wri t ten as 

dR a ' [  ~l~ ~_23 V~2~2 ja , (~3 ja), ] (3) dr - - ~ - ~ - J a  1~--~-2 Ja-~ :- _ f  

We introduce he re  

~ Ja-~ ~ ~ 2~oJa~-(~3Ja) ~ ] (4) ( J a )  : 1 + . 

With this notation, f o rm u l a  (3) becom es  

dR a' 
dr -- ~l~ ~ Ja ,p (Ja). (5) 

A compar i son  of f o rm u l a  (3) with numerous  t e s t  data in [8] has shown that the ag reemen t  is c lo se s t  when 
the geomet r i ca l  f ac to r s  a re  f13 = 0.3 and/~2 = 6. 

The calculat ion of tp(Ja) is shown in Fig. 1 for  Ja  f r o m  10 -2 to 104, with/33 = 0.3 and/32 = 6. 

F o r  10 -2 _< Ja  - 1.0, according  to the graph,  it may  be a s sumed  that  ~0(Ja) = 1. The mean re la t ive  
e r r o r  he re  is -- 8%. When Ja  -> 600, then r  = 2~/ /~2)Ja .  Thus, the range 10 -2 _< Ja  - 1.0 may be r e -  
garded  as the range  of smal l  Jakob modulus (high saturat ion p r e s su re ) .  Solution (2) is applicable to this 
range.  

The range  J a  -< 600 may  be r ega rded  as the range of a la rge  Jakob modulus (low satura t ion p r e s su re ) .  
Here  solution (1) is applicable.  

F o r  the range 1 < Ja  < 600 it is n e c e s s a r y  to use  the genera l  solution (3) in an analys is  of bubble bo i l -  
ing. Calculat ions have shown that,  fo r  the determinat ion of breakaway dimensions  and f requency in the 
ca se  of vapor  bubbles  [9], solution (3) y ie lds  a c l o s e r  ag reemen t  with t es t  data. 

Ja = p'c'At/p"r 
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is the Jakob modulus; 
is the density of the liquid; 
is the density of the vapor;  
is the specif ic  heat  of the liquid; 

is the t e m p e r a t u r e  of the hea te r  surface;  
is the sa tura t ion  t empera tu re ;  
is the latent  heat  of evaporat ion;  
is  the t h e r m a l  diffusivity of the liquid; 
is  the bubble radius;  
is the t ime .  
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