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Taking into account that  ~- =2 �9 10 -8 sec ,  we obtain the ene rgy  densi ty required:  ~ 150 J / c m  2. 
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R O L E  O F  B U B B L E  B O I L I N G  I N  T H E  I N T E R A C T I O N  

O F  I N T E N S E  R A D I A T I O N  W I T H  M A T T E R  

A .  V .  B u r m i s t r o v  UDC 533.7 

The  model  of s table  evapora t ion  [1-4] is widely  used to study the in te rac t ion  of intense radia t ion 
with m a t t e r .  In this model  the radia t ion flux n o r m a l l y  incident on a p l a n a r  su r f ace  of the body 
is  Constant in magnitude,  which also guaran tees  s t a t ionar i ty  of p a r a m e t e r  dis t r ibut ions  in a 
coordinate  s y s t e m  re la ted  to the su r f ace .  An assumpt ion  of the model  is that  evapora t ion  oc -  
cu r s  at the su r face  only. As noted in [1, 2], however ,  in es tab l i sh ing  me ta l  evapora t ion  the 
su r face  is found to be in a liquid overhea ted  s ta te .  Consequently,  the evapora t ion  m e c h a n i s m  
can be compl ica ted  by bubble boil ing.  This  p r o c e s s  is usual ly  neglected due to the fact  that  
the su r face  tension coeff icient  of me ta l s  is l a rge  (if the t e m p e r a t u r e  is  not too close to the 
c r i t i ca l  t e m p e r a t u r e ) ,  and, consequently,  the p robab i l i ty  of bubble fo rmat ion  is low [2]. Quan- 
t i ta t ive  e s t i m a t e s  a re  needed to jus t i fy  this s t a t ement .  Such e s t ima te s  w e r e  c a r r i e d  out in [5, 
6], where  it has  been sho~'~ that the re  ex is t s  a ~er ta in  in tens i ty  flux q . ,  above which su r face  
evapora t ion  is modif ied by bulk boiling. A number  of i naccu rac i e s ,  however ,  we re  admit ted  
in [5, 6], which, as shown below, s t rongly  d is tor t  the boundar ies  of the evapora t ion  m e c h a n i s m s  
in s e v e r a l  c a s e s .  The purpose  of the p r e s e n t  study is to r e m o v e  these  inaccurac ie s  and ca l -  
culate the quantity q .  m o r e  c o r r e c t l y .  

1. Vapor  bubbles occur  in a liquid e i ther  as a r e su l t  of t h e r m a l  f luctuations (fluctuating bubbles) o r  due 
to ex t raneous  impur i t i e s  ( s ta t ionary  bubbles) [6]. 

Only bubbles whose radius  exceeds  a c r i t i ca l  r . ,  de t e rmined  f r o m  the equation [7] 

P0 (Y) exp r, kT] = P ~ r. ' (1.1) 

pa r t i c ipa t e  in boiling. In this e x p r e s s i o n  Po is the sa tu ra ted  vapor  p r e s s u r e  ove r  a p lanar  su r face ;  a, surface  
tension coefficient;  p, p r e s s u r e  in the liquid; and v, mean volume of the liquid (calculated p e r  molecule) .  

At t e m p e r a t u r e s  not too c lose  to the c r i t i ca l  t e m p e r a t u r e ,  w h e r e  the liquid can be s epa ra t ed  into gas -  
l ike phases ,  i .e . ,  the vapo r  densi ty is much lower  than the liquid densi ty  (Pvap<<Pliq), E q. (1.1)has the app rox i -  
ma te  solution 

2(~ 2~ 
r .  -- p0 (T) --p -- _~p (1.2) 

Zhukovski i .  T r a n s l a t e d  f r o m  Zhurnal  Pr ik ladnoi  Mekhaniki i Tek~hnicheskoi Fiziki ,  No. 3, pp. 35-44, 
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Equation (1.2) is inapplicable only in a smal l  neighborhood of the c r i t i ca l  t empera tu re ,  where  the inequality 
Pvap << Pliq is violated,  and which is of no in t e re s t  to us, since due to the impossibi l i ty  of separat ing the liquid 
and gas phases  in this region it is meaningless  to talk e i the r  about a surface  of the liquid o r  about bubbles.  

To es t imate  the effect  of boiling on the evaporat ion p ro ce s s ,  it is n e c e s s a r y  to consider  the generat ion 
and growth of superc r i t i ca l  bubbles in a superheated  l ayer .  

2. We obtain the t e m p e r a t u r e  dis tr ibut ion in an evaporat ing ma te r i a l .  

Unlike [6], we solve the p rob lem taking into account the energy  cost  in heating the vapor,  melting, and 
the finite width o f  the melt ing l aye r .  In the ene rgy  conservat ion  equation 

pu(h ~ u~/2) + q = const 

we substi tute the following express ions  fo r  the enthalpy and ene rgy  flux: 

h = CpT -1- ho, 

q = q, + q~ =q~ (t d r  - -  R )  e - ~  - -  K -~ ,  

where  p ,  u, h, and T a re  the density,  veloci ty,  enthalpy, and t empera tu re ;  Cp, R, p, and K, t empera tu re ,  r e -  
f lect ion coefficient ,  absorption,  and the rma l  conductivity,  a s sumed  constant  fo r  s implici ty;  h0, a quantity taking 
into account melt ing enthalpy; and q~ qr ,  and qT, fluxes of incident radiat ion,  radiat ion in the mater ia l ,  and 
the rma l  flux. 

As a resul t  we obtain the t e m p e r a t u r e  equation 

+ + -- ~-~ = const. (2.1) 

The densi ty  of the condensed mate r ia l  is assumed constant (p =Po = const)~ the re fo re  the veloci ty  is also con- 
stant: u = u 0 .  

The boundary conditions a re  

dT I 
TI~=~ = 0, ~ ,1~=~ = 0  (2 

and the conditions at the melt ing sur face  a r e  

h0(Xme-- 0) --  h0(xme-F 0) = ~rne, T(xme~ ~-- Tree" (2.3) 

At x> Xme we p u t  h0--- 0. F r o m  the boundary  conditions (2.2) the constant in the r ight-hand side of Eq. (2.1) is 
then determined:  const  = P0U~]2. The equation acquires  the fo rm 

pou0 (CpT + ho) + qo (t ~ R) e-~X _ K dT ~-~=0, 

ho = IO, Xme< x, 
( h e  o <  x < Xme, 

where  k m e  is the specif ic  melt ing heat .  

Replacing for  convenience u 0 by the effect ive evaporat ion heat 

q0 (t -- R) (2.4) 
z~ff = 

and introducing the d imensionless  quantit ies T* =T/T(O), x* =px, we obtain 

_ adT* + e_x .  = a (T* + ho), ( 2 . 5 )  
r dx* 

w h e r e  ~ = K ~ T  (O)/q ~ ( i - -  R); a ---- C , T  (0)/s = i/s162 ho = ho/CpT (0). The solution of Eq. (2.5) is 

] T* = t e---~-x* [eX*(~-0 (i  * _ ~, (2.6) - ~ L - 1 + ( ~ -  ~) + ~ )  ~ e  

where  X~n e =Xme/CpT(0) ,  F r o m  (2.3), (2.6) we have the coordinate  of the melt ing front  
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6 6  * .  . 

- x *  " (2.7) 

Cons ider  s e p a r a t e l y  the ca se s  fl >>~ and fi << ~ .  The f i r s t  inequal i ty  occu r s  for  not too high in tens i t ies .  
F o r  example ,  fo r  me ta l s  i r r ad i a t ed  by v i s ib le  and i n f r a r ed  radia t ion (K--- 1 W.C m - I  "deg -1, T(0) - 2 �9 10a~ 
# ~ 10 5 cm -1) , it is sa t i s f ied  fo r  f luxes q~ 3 �9 10 s W / c m  2. In the region of s table  evapora t ion  c h a r a c t e r -  
i s t ic  va lues  a re  a ~ 10 -1 and ( l - R ) -  0.5; t h e r e f o r e  the inequal i ty  fl >>(~ is equivalent  to q~ 6 . 1 0  s W / c m  2. F o r  

>>(~ the inequali ty e-X~ne <<(f~ - a ) ( T m e  + * �9 k m e )  is va l id ;  t h e r e f o r e  we obtain f r o m  (2.7) 

_ _  T r * �9 

The opposi te  l imi t ing  case  fl << a c o r r e s p o n d s  to in tens i t ies  q~ r >> 6 �9 10 a W / c m  2, fo r  which the above c o n s i d e r a -  
t ion of absorb ing  l aye r  is not val id,  s ince the disrupt ion m e c h a n i s m  becomes  hydrodynamic  [4]. Neve r the l e s s ,  
the value of Xme , c o r r e s p o n d i n g t o t h e  case  ~<< a ,  p rov ides  a qual i ta t ive concept  on the behav io r  of the width of 
a mel t ing  l aye r  at high in tens i t ies .  Bes ides ,  for  m a t e r i a l s  and radia t ions  fo r  which the absorp t ion  coefficient  
t~ << 10 5 cm -1, the inequali ty fl << a can be achieved even at t e m p e r a t u r e s  s ignif icant ly  lower  than the c r i t i ca l .  
In th is  l imi t ing  case  

The ra t io  f l /~ has a s imple  phys ica l  meaning.  It equals the ra t io  of c h a r a c t e r i s t i c  t h e r m a l  conductivity 
length 5 T =K/p0C p I u0I to the width of the absorp t ion  l a y e r  5q = # - l .  F o r  fi >> c~ the width of the superhea ted  
l a y e r  is de t e rmined  by the t h e r m a l  conductivi ty length, and in  the opposi te  case  by the absorp t ion  width. 

It is n e c e s s a r y  to point out that  in rea l  expe r imen ta l  conditions a t r a n s v e r s e  p r e s s u r e  gradient  o ccu r s  
due to the finite s ize  of spots  and liquid obs t ruc t ion  along the su r face .  As shown in [8], this  effect  s ignif icant ly 
af fec ts  the width of the liquid l aye r  at in tens i t ies  q < qp, where  

qp = (-z) ( 2 , ~ u : ~ ) ' / '  

(a is the t h e r m a l  conductivi ty coefficient;  d, spot size;  and Ux, v a p o r  ve loc i ty  in a d i rec t ion pe rpend icu la r  to 
the su r f ace  of the meta l ) .  Fo r  a spot of s ize  d = l  cm the intensi ty  qp is on the  o r d e r  of 106 W / c m  2. 

In the p r e s e n t  study a dr if t  of the liquid l a y e r  is not taken into account, which is just i f ied for  spots  not 
too sma l l .  

In a mel t ing  l a y e r  we have a m a x i m u m  t e m p e r a t u r e :  

, (o . }o{o ) ,  
r;~ = ~ ~- [(~ - ~) (l + ;mJ + 11 ~ -~ [ ( ~ -  ~) (i + ~ )  + 11 - 1 + ( ~ -  ~) (l + ~;~) - . ~ .  

To t r a n s f o r m t o  the d imensional  t e m p e r a t u r e  it  is n e c e s s a r y  to know the su r face  t e m p e r a t u r e  T(O) and 
the quanti ty )t e lf  appear ing  in the p a r a m e t e r  ce To de te rmine  both these  quanti t ies  it is n e c e s s a r y  to consider  
vapor  flow n e a r  the sur face ,  s ince th is  flow c a r r i e s  p a r t  of  the energy  t r a n s p o r t e d  to the wall  by radiat ion.  

Assuming  that  the vapo r  is  a monatomie,  ideal gas with constant  heat  capaci ty  and the v e l o N t y  at the 
Knudsen l aye r  equals the sound veloci ty ,  which co r r e sponds  to evapora t ion  in vacuum,  the following re la t ions  
w e r e  obtained in [1-4]" 

(,, 

poiuo] = 0.82po(T(O))VMI(2kT(O)), (2.9) 

where k is the Boltzmann constant and M is the molecular mass. 

The effective evaporation heat (see Eq. (2.4)) is also determined from Eqs. (2.8), (2.9): 

k 
~eff = X (T (0)) + Xmc-~ Cp (T (0) --  r (oo)) - -  0.334 ~ T (0). (2.10} 

289 



The p r e s s u r e  P0(T) is de te rmined  by the phase equi l ibr ium equation, which, according to [1], is 

lg p o ( T )  ~-  a - -  b i T .  (2.11) 

Using values of t empe ra tu r e  and p r e s s u r e  at the boiling point and at the c r i t i ca l  point (Pv = 1.01 bar ,  T v = 
2621~ p ,  =2,8 �9 104 bar ,  T ,  =14,200~ [6]), we obtain the phase  equi l ibr ium equation of aluminum: 

lg Po = 5.45--i4260/T. 

The  t e m p e r a t u r e  dependence of  the evaporat ion heat  is approximated  by  the l inear  function 

~.(r)  = ~ 0 ~ r ,  - -  ~ ) ~ r ,  - -  r v ) .  

where  ~'0 is the evapora t ion  heat at the n o r m a l  boiling t empera tu re ,  equal to 10 4 J / d eg  for  aluminum. The 
growth of superc r i t i ca l  bubbles and the i r  c r i t i ca l  radius a r e  de te rmined  not only by t empera tu re ,  but also by 
the p r e s s u r e  in the liquid, c r ea t ed  in the given case  by je t  reac t ion .  In vacuum evaporat ion the vapor  p r e s s u r e  
at the sur face  p d i f fe rs  by a constant  f r o m  the equi l ibr ium p r e s s u r e  P0, corresponding to t h e  sur face  t e m p e r a -  
t u re  [3, 4] 

p = 0.53p0 (2.12) 

In [6] the p r e s s u r e  p was calculated by the semiemp~urical equation 

P ---- Cq~ (C:~1 ----~ dyn-sec/D (2.13) 

(the p ropor t iona l i ty  between p r e s s u r e  and the radiat ion flux follows also f ro m  Eqs .  (2.8), (2.9), and (2.12), tak-  
ing into account that according to (2.8), (2.9), and (2.11) the sur face  t em p e ra tu r e  depends on q~ r only logar i th-  
micaUy).  Obviously, fo r  ma te r i a l s  for  which the value of the constant C is  exper imenta l ly  determined,  the 
p r e s s u r e  is bes t  calculated by Eq.  (2.13), without solving sys tem (2.8), (2.9), (2.11), as  was also done in [6]. 
The su r face  t e mpe ra tu r e ,  however ,  was calculated in [6] f rom the p r e s s u r e  d i rec t ly  f rom the phase equil ibrium 
equation, which is e r roneous .  In rea l i ty  the vapor  and liquid equi l ibr ium does not exist ,  and the surface  is 
found in a s t rong superheated  s ta te  (see Eq. (2.12)). Account of superheat ing can affect the boundary of evap-  
ora t ion  mechanisms  q . ,  s ince the format ion  ra te  of  bubbles depends exponential ly on the amount of superhea t -  
ing (as noted in [6] a smal l  enhancement  in t e m p e r a t u r e  leads to enhancement  in the format ion rate  of bubbles 
by many o rde r s  of magnitude).  In [5] the s t rong lowering of superheat ing (not more  than 1~ was also used. 
As a resuI t  the authors  have r eached  a conclusion concerning the negligibly smal l  ro le  of fluctuating bubbles.  

In the p re sen t  pape r  the j e t  p r e s s u r e  p is calculated by Eq. (2.13), but the surface  t empera tu re  is ca l -  
culated f rom the phase equi l ibr ium equation, taking into account the fact that the equil ibr ium p r e s s u r e  is r e -  
lated to the jet  p r e s s u r e  by Eq, (2.12). Another inaccuracy  was commit ted  in [6] in calculating the quantity 
}'eft appearing in the p a r a m e t e r  a .  It consis ts  of the fact  that the enthalpy and kinetic energy of the vapor  (the 
las t  t e r m  in Eq. (2.10)) we re  not taken into account, although the expenditure at heating the metal  is included. 
This is incor rec t ,  s ince the t e r m  not included is of the same o rd e r  as the cost of heating the metal ,  and at high 
t e m p e r a t u r e s  provides  an impor tan t  contr ibution to ), elf- Under these conditions account of vapor  enthalpy can 
significantly affect  the magnitude of superheating,  and, consequently,  s t rongly change the format ion rate of 
bubbles.  

3. The applicabil i ty region of the sur face  evaporat ion model must  be de te rmined  f rom the condition of 
smal lness  of pe r tu rba t ion  due to bubbles (e.g., the smal lness  of the rat io  of bubble flux of the vapor  to the total  
mass  d ischarge) .  It is n e c e s s a r y  to choose a ce r t a in  value of the per turba t ion ,  above which the role of boiling 
is a s sumed  impor tant .  Its specif ic  choice,  however ,  has li t t le effect  on the quantity q . ,  since the number  of 
bubbles and the physical  quanti t ies  r e la ted  to them depend s t rongly on the radiat ion intensi ty.  F o r  the same 
reasons  an approximate  es t imate  of the quantit ies re la ted  to boiling is sufficient .  

A c r i t e r ion  of des t ruc t ion  of sur face  evaporat ion by bulk boiling was formula ted  [6] in the fo rm of an 
equali ty of a rea  of all supe rc r i t i e a l  bubbles with the a rea  of liquid sur face ,  and is of the fo rm 

where  6T, q is the width o f  the superheated  layer ,  d b is the mean d iame te r  of superc r i t i ca l  bubbles, and N b is 
t he i r  mean number  pe r  unit volume.  

Consider  the physica l  reasons  of des t ruc t ion  of sur face  evaporat ion by bulk boiling in more  detail .  
F i r s t ,  due to boiling, bes ides  vapor  flow d i rec t ly  at the sur face  the re  exis ts  a flow due to e jected bubbles.  
The c r i t e r i on  of sur face  evaporat ion des t ruct ion  by this bulk effect  is 
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K I = - ~  = i .  

Indeed, the "bubble" flow of the v a p o r  with a s ingle su r face  is e s t ima ted  by the equation (4/3)V(db/2)3pbNblu0I, 
and the m a s s  flow fo r  su r face  evapora t ion  is P0 lu01 (Pb is the vapor  densi ty  in the bubble).  

Secondly, for  bubble fo rma t ion  and growth energy  expendi ture  is needed.  The bubble fo rmat ion  ene rgy  
cons i s t s  of su r f ace  ene rgy  47r(db/2)2a, evapora t ion  ene rgy  (4/3)~(db/2)3Pb)t, and expansion work  on the o r d e r  
of (4/3)~(db/2)3PbkT. Fo r  p r e c r i t i c a l  t e m p e r a t u r e s  kT < ~, t h e r e f o r e ,  the expansion work  does not exceed the 
evapora t ion  ene rgy  and can be neglected in e s t i m a t e s .  Consequently,  the power  expended fo r  bubb}.e fo rmat ion  
is e s t ima ted  by the exp re s s ion  

where  a 0 is of the o r d e r  of  the m o l e c u l a r  s ize  (the app rox ima te  re la t ion  a _ ~p0ao/6 was used).  

Since the evapora t ion  cost  d i rec t ly  at the su r f ace  equals P01U0] 2~, one can wr i t e  down the following "en-  
e rge t i c s "  c r i t e r i o n  for  su r face  evapora t ion  by bulk bo i l ing  

g.~ = - (  ~ (1 + d-~]  

Thirdly ,  s t a r t ing  f r o m  the su r face  of the liquid, the bubbles "de t e r io r a t e "  it, c rea t ing  an unevenness  of 
the o r d e r  of i ts  rad ius .  It  can be a s s um ed  that  the su r face  is  cons ide rab ly  damaged  if the a r e a  of the bubbles 
in te r sec t ing  the p l ana r  su r f ace  of the liquid NbTrd~S equals  the a r e a  of  the su r face  i t se l f  S. Hence 

3 T K 3 = ~db~ b = I. (3.2) 

Condition (3.2} impl ies  that  the i r r ad i a t ed  a r e a  exceeds  s ignif icant ly  the a r e a  of the p l a n a r  sur face ,  
which may  indicate  power  absorp t ion .  It also follows f r o m  (3.2) that the d is tance  between neighboring bubbles 
is on the o r d e r  of t he i r  d i a m e t e r .  Consequently,  the s t ruc tu re  of the absorbing  l a y e r  d i f fers  s t ro~gly  f r o m  the 
c h a r a c t e r i s t i c  s t ruc tu re  for  su r face  evapora t ion .  Besides ,  emerg ing  f r o m  the sur face ,  dense ly  a r r a n g e d  bub-  
bles  can e ject  the liquid filling the por t ion  between them in the f o r m  of p a r t i c l e s  of app rox ima te ly  the s a m e  
radius  as the bubbles .  Such a "drop cover"  was d iscussed ,  e.g. ,  in [9]. It  can be seen  that when c r i te r ion(3 .2)  
is sa t i s f ied  the drop flux m a s s  p0 [u0[ Nbd~ is on the o rde r  of the total  flux P0[ u0[ (it is unders tood that  a b u r s t -  
ing bubble c r e a t e s  a droplet  of the s ame  s ize) .  Thus,  the "drop cover"  s ignif icant ly  affects  the m a s s  c a r r i e d  
out. Bes ides ,  it can s t rongly  enhance the sc reen ing  of the sur face  f r o m  the radia t ion [4, 9]. 

The quanti t ies  Kt, K2, K 3 i n c r e a s e  with intensi ty  qO. F o r  some intensi ty  q ,  one of them becomes  equal  
to unity, which also impl ies  modif icat ion of su r face  evapora t ion  by  bulk boiling. 

Since Kt < K2<<K a the modif icat ion of evapora t ion  m e c h a n i s m s  is de te rmined  by the c r i t e r i on  K3, and 
effects  r e l a t ed  to K 1 and Kz a re  of s econda ry  value .  Compar ing  K 3 with the c r i t e r ion  Ko, used in [6], we l~ave 
K 0 =K36T, q / d  b > K3; consequently,  the c r i t e r ion  K 0 mus t  lead to lower ing of the quantity q . .  As will  be shown 
below, an e r r o r  was commi t t ed  in [6] in e s t ima t ing  the mean  bubble d iamete r ,  as a resu l t  of which the c r i t e r ion  
K 0 is s t i l l  m o r e  enhanced (the enhancement  r eaches  four  o r d e r s  of magnitude).  This,  in turn ,  led to a still  
l a r g e r  lower ing of q. (in s eve ra l  c a se s  m o r e  than two o r d e r s  of magnitude) .  The bubble d i a m e t e r  at: the moment  
of contact  with the su r face  equals 

t I t~ 
d b = .  v(t) d t =  J ]/(2/3) Ap(t)/po.dt. 

o o 

where  t l is the l i fe t ime of the bubble up to contact  with the su r face  and v is the growth ra te  of the bubble (as 
in [6], it is  taken equal to the Rayleigh ve loc i ty  v =((2 /3 )Ap /po) .  The following approx imate  es t ima te  is suf-  
f ic ient :  

d b ~_ vmt z = V'(2/3)hpm/po.t~, 

where  v m =~f(2/3)APm/po is a c h a r a c t e r i s t i c  growth ra te  of bubbles  and Apm = P 0 ( T m ) - p .  

Bubble growth o c c u r s  in a l aye r  with a t e m p e r a t u r e  gradient .  Nonuniformity  of the t e m p e r a t u r e  field 
leads  to a no,  s y m m e t r i c  m a s s  flow through the su r face  of the bubble and to genera t ion  of a resu l t ing  e v a p o r a -  
t ion fo rce  at the bubble [10]. E s t i m a t e s  based  on the r e su l t s  of [10] show that fo r  bubbles of s ize  l e s s  than 
!0  -2 cm the d i rec ted  veloci ty  acqui red  under  the act ion of the evapora t ion  force  is sma l l  in c o m p a r i s o n  
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with the ve loc i ty  of  radia l  expansion of the bubble.  In m o s t  c h a r a c t e r i s t i c  cases  bulk boil ing develops at high 
in tens i t ies ,  when the width of the liquid l a y e r  does not exceed  10 -2 cm.  The re fo re ,  ef fects  r e la ted  to e v a p o r a -  
t ion fo rces  a r e  neglec ted  in the p r e s e n t  pape r .  The bubble l i fe t ime is  de te rmined  by the t ime  up to contact  
with the su r f ace  of the liquid. The following e s t i m a t e s  a r e  used in [6]: 

t Z ----- 8r,ql]uol, d b ---- 8r,qvml[uol. (3.3) 

They a r e  val id,  however ,  only when the bubble approaches  the su r face  with a ve loci ty  l u01. In rea l  si tuations 
the ve loc i ty  of the bubble boundary  r e l a t i v e  to the s u r f a c e  equals  lu0] +v; t h e r e f o r e  in the genera l  case  the 
c o r r e c t  e s t i m a t e s  a re  

t l = 8r.q/(lUo] -3 t- Urn), d b = 8r,qUm/([Uol -~ urn). (3.4) 

Exp re s s ions  (3.3) and (3.4) a r e  equivalent  only when Vm<< [u0[, but calcula t ions  show that  for  in tens i t ies  n e a r  
q ,  the opposi te  inequali ty r e a l l y  occu r s  (the q .  dependence of  Vm/lU0[ is r e p r e s e n t e d  in Fig.  1). There fo re ,  
the e s t i m a t e s  (3.3) lead to s t rong  enhancement  of d b and of the c r i t e r ion  K 0. 

Substi tuting (3.3) into (3.1), we find 

Ko = :zSr,qNb(Vm/luol) ~. 

The c r i t e r i o n  K3, ca lcu la ted  by Eq.  (3.4}, equals  

~ -  =Sr,~Nb v~/(I Uo I + v~,) 3. K3-- 

Below we ca lcula te  q ,  by  means  of c r i t e r i on  K3, and c o m p a r e  it with q ,  value ca lcula ted  f rom K 0. , 

As shown above,  the width of the superhea ted  l a y e r  6T, q is de te rmined  by  the t h e r m a l  conductivity length 
6T at low in tens i t ies ,  while at high in tens i t ies  it is  de te rmined  by the absorpt ion  length 6q. There fo re ,  in the 
genera l  c a se  we use  the e s t i m a t e  

8r.r = 8r + 8q = 8q(i + g/a) .  

Fol lowing that  K 3 is t r a n s f o r m e d  to the f o r m  

3p-"~ r162 ~'m 

The quanti ty N b is the n u m b e r  of  s u p e r c r i t i c a l  bubbles p e r  unit volume,  being [6] 

where  r ,  m = 2 a m / A P m  is a c h a r a c t e r i s t i c  c r i t i ca l  radius  and a m  =or (Tm).  The t e m p e r a t u r e  dependence of 
~(T) (as we l l  as  X(T)) is v e r y  well  approx ima ted  by the l inear  function 

o ( r )  = ~0 ( r ,  - r ) l ( r ,  - r v  ). 

F o r  a luminum a0=737 d y n / c m  [11]. 
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The format ion  ra te  of fluctuating superc r i t i ca l  bubbles equals,  according to Frenkel '  s theory  [12], 

~'a 2 XM 
I t  n l V ~ - ~ e x p ( - - - ~ - )  { 4~r.'~ �9 = e x p  

The number  of these  bubbles fo rmed  p e r  unit volume during the l i fe t ime of the bubble is 

~T,q 
Nbj .'-" I ]  (Tin) i l  :-- [I (Tin) I Uol + "=' 

where  ]u0[ can be calculated by the equation [u0[ = a / 6  T =(acx)/(fqfl) {a is the t em p e ra tu r e  conductivity co-  
efficient) .  

4. F igures  1 and 2 p resen t  r esu l t s  of calculat ing c r i t i ca l  intensi t ies  by the K 3 c r i t e r ion  for  fluctuating 
mid s ta t ionary  bubbles,  respec t ive ly .  The curve  2' co r responds  to s ta t ionary  bubbles and was calculated by the 
K 0 c r i t e r ion ,  without taking into account the in t r ins ic  growth ra te  of the bubble. For  la rge  absorpt ion widths 
5q the K 0 c r i t e r ion  leads to a significant e r r o r  in q . .  F o r  6q=10 -2 cm, e.g. ,  the e r r o r  exceeds  th ree  o rde r s  
of magnitude.  This is a consequence of the fact that in boiling the bubble growth ra te  v m significantly exceeds 
the veloci ty  of f ront  evaporat ion [u0[. Curve 2' in Fig.  1 cor responds  to s ta t ionary  bubbles; i .e . ,  it descr ibes  
the change in the quantity Vm/[U0[ along curve  2' ir~ Fig. 2. Curve 1' cor responds  to fluctuating bubbles.  

Curve 1' of Fig. 2, cor responding  to fluctuating bubbles and c r i t e r ion  K0, is not given, since it differs  
l i t t le  f rom curve  1 (the intensi t ies  q .  calculated by K 3 and K 0 di f fer  by no more  than severa l  percen t ) .  

The resu l t s  of the calculations differ  substant ial ly  f rom the resu l t s  of [6], r ep re sen ted  by curves  3 and 
4. In the region of var ia t ion  of 6q the s ta t ionary  dependence 4 is below the fluctuating 3. Thus, according to 
[6] f luctuating boiling plays an impor tant  role  only for  6q< 6.0 �9 10 -5 cm. The location of curves  1, 2, found in 
the p resen t  work,  is different:  The l a rges t  pa r t  of the fluctuating curve  1 is below 2. As a resul t  fluctuating 
boiling is the main mechanism of vapor  format ion  in a significantly wider  region of values of 6q (6q < 5 .6 .10  -2 
cm).  The curve  ABC is the boundary of region I, in which bulk boiling plays no ro le .  

The author  is grateful  to M. N. Kogan and N. K. Makashev for  useful d iscuss ions .  
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