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Var ious  p r o c e s s e s  of intensifying heat  t r a n s f e r  and s tabi l iz ing the boiling p r o c e s s  for  liquids 
in the v e r y  low p r e s s u r e  region a r e  analyzed and studied exper imenta l ly .  The g r e a t  e f fec -  
t iveness  of using thin hydrophobic s c r e e n s  at tached to the sur face  to be heated was d i scov -  
e red .  

The well  known tendency toward reduct ion in heat  t r a n s f e r  with d e c r e a s e  in p r e s s u r e  (see,  for  e x a m -  
pie,  [1, 2]) is based  main ly  on exper imenta l  data in the region Ps >- 1 bar .  Recent ly  there  has been an in- 
c r e a s e  in in t e re s t  in the p rob lem of conducting boiling at v e r y  low p r e s s u r e s .  Exper imenta l  observa t ions  
have shown the unique pecu l ia r i t i e s  of boiling under high vacuum. Thus,  in [3], as  e a r l i e r  in [4-8], it was 
noted that  for  p r e s s u r e s  lower  than 0.2-0.3 bar ,  boiling takes  on an e v e r  increas ing  unstable c h a r a c t e r  as 
p r e s s u r e  is lowered .  Under the conditions exis tent  in [3] (a significant  volume of the boiling vesse l ,  p lanar  
hor izonta l  heating sur face) ,  pauses  in the p r o c e s s  of genera t ing  vapor  bubbles at tained values of the o r d e r  
of tens of seconds.  The pauses  w e r e  in te r rupted  by s h o r t - t e r m  pulses  of boiling, where in  a not iceable 
amount  of kinetic ene rgy  was t r a n s f e r r e d  to the liquid in the p r o c e s s  of forming vapor  volumes ,  which 
produced intensive pulsa t ions ,  hydraul ic  shocks ,  and spla t ter ing.  At the same  t ime  a significant  f luctua-  
tion in su r face  t e m p e r a t u r e  of the liquid was observed .  Reduction in p r e s s u r e  led to significant  i nc rease  
in sur face  superheat ing ,  a condition n e c e s s a r y  fo r  such unstable boiling. Thus,  for  Ps = 0.036 this s u p e r -  
heating reached  25-28~ for  wa te r ,  and 38-40~ for  ethanol.  

In p rac t i ce  the fea tu res  of unstable boiling noted above a r e  mos t  undes i rable .  Hence the re  is a need 
to examine methods of s tabi l iz ing the boiling p r o c e s s  in a vacuum and s imul taneous ly  intensify heat  t r a n s f e r .  

Methods of Stabilizing Boiling and Intensifying Heat T r a n s f e r .  We will examine poss ib le  methods of 
solving this p rob l em,  s ta r t ing  with an ana lys i s  of the conditions for  genera t ion of the vapor  phase  in a l i -  
quid on a solid heated sur face .  In accordance  with [9] the change in the rmodynamic  potential  of a s y s t e m  
upon genera t ion  of a vapor  nucleus is p resen ted  in the following fo rm:  

The value of Ar is in ac tua l i ty  the energe t ic  b a r r i e r  for  development  of a viable vapor  nucleus.  The 
engineer ing p rob lem of s tabi l iz ing the boiling p r o c e s s  and intensifying heat  t r a n s f e r  in boiling in a vacuum 
c o r r e s p o n d s  phys ica l ly  to a s e a r c h  for  methods of lowering this b a r r i e r ,  i . e . ,  methods for  decreas ing  the 
value of the second t e r m  of Eq. (1). 

In p rac t i ce  this  may  be at tained by act ing upon the value of the liquid sur face  tension a, on the m i c r o -  
smoothness  of the heated su r face  (thereon depends the value of the ra t io  Sw/S), o r  on the wet tabUtty of the 
su r face  (on the value of the marg ina l  wet tabi l i ty  angle 0). We will examine these  th ree  poss ib i l i t i es .  

1. I t  was  es tab l i shed  in [10] that  the addition of su r f ace - ac t i ve  subs tances  to boiling wa te r ,  reducing 
the su r face  tension of the liquid by a fac tor  of 2-3,  leads  to the c rea t ion  on the heated su r face  of a l a y e r  of 
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fine vapor  bubbles and inc rea se s  the heat  t r a n s f e r  coefficient .  However ,  as was shown in [11], the effect  
of sur face  tension on intensi ty  of heat  t r a n s f e r  is not v e r y  significant and may be r ep re sen t ed  empi r i ca l ly  
by the re la t ionship  ~ ~ ~-I /3 .  

2. In [9] it was  shown that  the ra t io  Sw/S is inc reased  with t rans i t ion  f rom a pro tuberan t  to a plane 
boundary,  and inc reased  yet  fu r the r  by va r ious  dep res s ions ,  cavi t ies ,  and abras ion  on the sur face .  The 
l a t t e r  usual ly  s e rve  as cen te r s  of vapor  format ion  in boiling. In genera l  it can be maintained that  heat  
t r a n s f e r  intensi ty  is inc reased  with t rans i t ion  f rom polished to c o a r s e l y  finished su r faces .  However ,  the 
data of var ious  authors  on the quanti tat ive effect  of su r face  smoothness  a re  quite contradic tory .  I t  was 
shown in [12] that  the effect  of su r face  finish on heat  t r a n s f e r  intensi ty with boiling w a t e r  was smal l ,  and 
appea red  only at low leve l s  of heat  flow (up to 120 kW/m2). In [13] g r ea t  d i f fe rences  (by a fac tor  of 3-4) 
w e r e  d i scovered  in heat  t r a n s f e r  coeff ic ients  for  boiling of n-pentane on su r faces  with var ious  f inishes.  
S imi la r  r e su l t s  on the effect  of su r face  smoothness  in n-pentane  boiling a r e  p resen ted  in [14]. 

3. F r o m  analys is  of Eq. (1) it is  c l ea r  that  a change in marg ina l  wett ing angle 0 signif icantly in-  
f luences the value of the v a p o r  phase  fo rmat ion  energy b a r r i e r .  

In [15] a notlcable i nc r ea s e  in heat  t r a n s f e r  coeff icients  was d i scovered  for  boiling w a t e r  with an 
i n c r e a s e  in marg ina l  angle 0 f rom 45 ~ to 90~ with an inc rease  in 0 f r o m  90 ~ to 135 ~ the heat  t r a n s f e r  level  
r ema ined  p rac t i ca l l y  constant.  

In [9] the pr incipal  d i f ference  between vapor  format ion  on wettable (0 < ~/2) and nonwettable (~ > ~/2) 
heating su r faces  was shown. In fact ,  for  the case  0 > 7/2  fo r  ce r ta in  m i c r o g e o m e t r i e s  of the heated su r face  
the vapo r  phase  format ion  ene rgy  b a r r i e r  can go to zero ,  and in such a case  boiling is in pr inc ip le  poss ib le  
immedia t e ly  upon a t ta inment  by the liquid of the sa tura t ion t e m p e r a t u r e  T s. In [12] it was  es tabl i shed that  
on the su r face  of a s teel  tube coated by a thin l a y e r  of "Vapor"  brand turbine oil,  vapor  format ion  c o m -  
menced  at AT = 1-2~ However ,  even at  q = 112 k W / m  2 a heat  t r a n s f e r  c r i s i s  a r o s e , w h i c h  fact  indicates  
the inapplicabil i ty in p rac t i ce  of employing continuously hydrophobic heating su r faces  as  vapor  g e n e r a t o r s .  

In [16], the deposition (by a specia l  method) of Teflon spots on a s teel  r ibbon produced a success ion  
of wettable and nonwettable spots ,  which on the one hand ensured  a reduction in the vapor  nucleus act ivat ion 
energy ,  and on the o ther  hand excluded the ea r ly  onset  of a boiling c r i s i s .  Such a method pe rmi t t ed  s ignif i -  
cant reduction in the t e m p e r a t u r e  head for  onset  of boiling (ATBH) and produced an inc rease  in heat  t r a n s f e r  
coeff icients  for  wa te r ,  boiling under  a tmosphe r i c  conditions, in the low and modera t e  heat  t r a n s f e r  r a t e  
range  (10-150 kW/m 2) by a f ac to r  of approx ima te ly  five.  

Exper imen ta l  Resul ts  and Evaluation.  All of the s tudies mentioned above [10-16], which examined the 
ef fec ts  of ~, 0, and heating su r face  smoothness  on heat  t r a n s f e r  in boiling, did so for  a tmosphe r i c  o r  h igher  
p r e s s u r e s .  Our study, using an appara tus  descr ibed  in [3], examined var ious  methods of s tabi l izing the 
boiling p r o c e s s  and intensifying heat  t r a n s f e r  in boiling of wa t e r  and ethanol under reduced p r e s s u r e s .  I t  
should be  noted that  the heat  t r a n s f e r  sur face  was quite l a rge  (a hor izontal  nickel  disk with d i ame te r  of 56 
ram),  being at  l e a s t  of the s a m e  o r d e r  of magnitude as the b reakaway  d i a m e t e r  of the vapor  bubbles ,  w h e r e -  
as  in the ma jo r i ty  of o ther  s tudies of boiling in vacuo the d imensions  of the heating sur face  were  s ignif icant-  
ly  s m a l l e r  than the b reakaway  d imens ions  of the vapor  bubbles.  

1. In accordance  with the ana lys i s  p resen ted  above,  the effect  of su r face  tension ~ on heat  t r a n s f e r  
in tensi ty  is insignificant  and, m o r e o v e r ,  connected with the admix ture  of var ious  adul terants  to the liquid, 
which a given technological  p r o c e s s  may  not pe rmi t .  In the p re sen t  study the effect  of su r face  tension 

on boiling intensi ty in vacuo was  not examined.  

2. The exper imenta l  data of [3] we re  obtained for  boiling on a polished sur face  (9th-10th c lass  c lean-  
ne s s  by All-Union State Standard 27-89-59).  In the p r e s e n t  study, expe r imen t s  w e r e  conducted with w a t e r  
boiling on a sur face  with 4th c lass  c leanness  (surface  finished with coa r se  gra in  e m e r y  pape r  o r  coa r se  
file). No quali tat ive changes in the boiling of wa t e r  at  p r e s s u r e s  of 0.036 ba r  and 0.100 bar  on such a s u r -  
face in compar i son  with a ~clean" su r face  w e r e  noted, long p~uses  in genera t ion of vapo r  bubbles w e r e  
observed ,  as we re  significant  osci l la t ions  in the heated sur face  t e m p e r a t u r e ,  vapor  format ion  had an explo-  
s ive c h a r a c t e r  and led to expulsion of liquid f rom the exper imenta l  vesse l  intb the condenser .  

As r ega rds  quanti tat ive changes,  the effect  of su r face  finish was  obse rved  only at p r e s s u r e s  above 
100 m b a r .  As m a y  be seen f rom Fig. l a ,  the t rans i t ional  heat  t r a n s f e r  r eg ime  with the coa r s e  sur face  
co r r e sponds  to a lower  t e m p e r a t u r e  head than is the case  with boiling on a pol ished sur face  (14 and 21~ 
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respec t ive ly) .  The c h a r a c t e r  of the function q = f(&T) is identical for  both su r faces .  At a p r e s s u r e  of 36 
m b a r  the sur face  finish had no effect  wl~atever on heat  t r a n s f e r  intensity.  Fig. i b  indicates that  expe r i -  
mental  points for  both su r faces  approx imate  the s a m e  function in coordinates  (q, &T). 

As follows f rom Fig, 1, the creat ion of conical depress ions  with a d i a m e t e r  of 0.2-0.4 m m  and the 
s ame  depth on the heated su r face  did not lead to the appearance  of s table  vapor  format ion  cen te r s .  Eleven 
dep re s s ions  were  fo rmed  in the 56 m m  round plate using a punch with point angle of 60 ~ In accordance  
with [9], at  such a conical angle,  and with values  of 0 = 40-50 ~ mos t  probable  for  the w a t e r - n i c k e l  com-  
bination, the vapor  phase  format ion  energy  b a r r i e r  is c lose  to min imum.  

In summing  up, one may  a s s u m e  a quite weak influence of sur face  finish on heat  t r a n s f e r  and c h a r a c -  
t e r  of boiling under  reduced p r e s s u r e  conditions, whereby  there  is a bas i s  to a s s u m e  that this influence 
will become  yet  weake r  with fu r the r  reduction in p r e s s u r e .  In any case ,  it is s c a r c e l y  p rac t ica l  to r e c o m -  
mend crea t ion  of a r t i f ic ia l  su r face  roughness  as a method of s tabi l izing and intensifying boiling under low 
p r e s s u r e  conditions. * 

3. In accordance  with the above ana lys i s ,  a p romis ing  method of boiling intensification s eems  to be 
the crea t ion  on the heated su r face  of a r e a s  with reduced local  wettabil i ty.  Our study reproduced,  in p a r t i c -  
u lar ,  the methodology of [16] for  lowered  p r e s s u r e  conditions. About 100 spots  of hydrophobic subs tances  
were  deposi ted on a sur face  with a r e a  of 25 cm 2. In var ious  s e r i e s  of exper imen t s  s i l icone r e s ins  ( lac-  
quers) ,  industr ial  hydrophobic  agents  (type GKZh), paraff in ,  and a polyfluoroethylene res in  we re  employed.  

The effect  of such a r t i f i c ia l ly  c rea ted  vapor  fo rmat ion  cen te r s  proved  to be different  at di f ferent  
p r e s s u r e s .  Thus,  spots  of po lymer i zed  polymethylphenyls i loxane res in  (K-55) applied to the heated s u r -  
face changed the c h a r a c t e r  of boiling quite s ignif icantly at a p r e s s u r e  of 0.2 bar :  vapor  format ion cen te r s  
were  fixed and no pauses  we re  obse rved  in the i r  operat ion,  s ignif icant  osci l la t ions  in heating su r face  t e m -  
p e r a t u r e  d i sappeared .  The heat  t r a n s f e r  coeff icients  rose  noticeably,  as compared  with boiling on a smooth 
su r face ,  as  is evident f rom Fig. 2a. The t e m p e r a t u r e  head at  boiling onset  was  reduced to 10~ (as c o m -  
pared  to 17~ for  the clean sur face) .  The b reakaway  d i a m e t e r  of bubbles was 5-8 m m  (as opposed to 40-  
50 m m  for  boiling on the clean sur face) .  However,  as  p r e s s u r e  was  reduced below 0.1-0.2 ba r  boiling on 
the su r face  with hydrophobic spots  gradual ly  took on all  the c h a r a c t e r i s t i c s  of an unstable explos ion- l ike  
p r o c e s s ,  and upon reaching  p r e s s u r e s  of 0.05-0.06 ba r  could not be dist inguished qual i tat ively o r  quant i ta-  
t ive ly  f r o m  boiling on a clean su r face .  

At suff icient ly low p r e s s u r e s  only su r faces  with spots  ofpolyf luoroethylene res in  emuls ion produced 
s table  boiling, s ince this res in  has the bes t  hydrophobic p rope r t i e s ,  which produce  the n e c e s s a r y  lowering 
in the vapor  phase  format ion  ene rgy  b a r r i e r .  F igure  2b, which compare s  the exper imenta l  data for  boi l -  
ing of w a t e r  on such a su r face  ( p r e s s u r e  0.036 bar) with resu l t s  for  a clean sur face  (curve 2), i l lus t ra tes  
the pos i t ive  effect  of employing spots  of polyfluoroethylene,  deposited on the heat  t r a n s f e r  sur face .  The 
approximat ion  curve  drawn through the points of the f i r s t  th ree  days of exper iment  co r responds  to a heat  
t r a n s f e r  coefficient  th ree  or  four t imes  as g rea t  as on a clean sur face .  The boiling p r o c e s s  was s tabi l ized 
and no pauses  in bubble genera t ion  w e r e  noted. 

In engineer ing p rac t i ce ,  the question of effect ive l i fe t ime of a vapor  genera t ing sur face  with hydro-  
phobic coating is quite important .  In [16] this p rob lem was  not studied, the length of the exper imen t s  not 
exceeding four  hours .  In our  study, this question was  given specia l  examinat ion.  The exper iment  was 
conducted such that  ove r  the course  of 10-12 hours ,  the boiling p roce s s  was studied, with the sur face  
remain ing  below liquid the r e m a i n d e r  of the day. Thus,  for  var ious  s e r i e s  of expe r imen t s ,  the ave rage  
s e rv i ce  t ime  of the heat  t r a n s f e r  su r f aces  was  120-330 h. Curve 2a was  obtained in the course  of five days,  
during which t ime  no de te r io ra t ion  of the p roce s s  was  observed .  In the case  of w a t e r  boiling at a p r e s s u r e  
of 36 m b a r  on a sur face  with polyf luoroethylene emuls ion spots ,  beginning with the fourth day of exp e r i -  
ment ,  some  reduction in heat  t r a n s f e r  coefficient  was  noted (see Fig. 2b). However ,  over  the course  of 
the en t i re  exper iment  (8 days) the heat  t r a n s f e r  coeff icients  r emained  significantly higher  than for  boiling 
on a clean sur face .  

Neve r the l e s s ,  the poor  adhesion p r o p e r t i e s  of the res in  on meta l l ic  su r f aces  a r e  a shor tcoming of 
this method. Thus a new method of s tabi l izing the intensifying boiling in a vacuum was developed and in-  
vest igated.  The method employed a pe r fo ra t ed  hydrophobic sc reen ,  p laced on the heating sur face .  

�9 In [ 5 ]  s tabi l izat ion of a lkal i  meta l  boiling was  at tained by crea t ion  on the heated sur face  of depress ions  
of a specia l  configuration,  so -ca l l ed  " m u s h r o o m - l i k e "  depress ions .  However  it is difficult to evaluate the 
p rac t i cab i l i ty  of such a method in engineer ing p rac t i ce .  
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Fig. 1. Effect  of heating sur face  finish on heat  t r a n s f e r  in boiling Water 
at  p r e s s u r e s  of Ps = 100 m b a r  (aS and Ps = 36 m b a r  (bS. 15 Pol ished sur face ;  
2) rough su r face  (to 4th c lass  finish); 35 sur face  with conical dep res s ions .  
q, W/m2; AT, ~ 

Fig. 2. Boiling of wa te r  on su r faces  with spots of hydrophobic subs tances :  
a) spots of polymethylphenylsf ioxane res in ,  Ps = 200 m b a r  '[1) clean su r face ,  
25 sur face  with spots] ,  b5 spots of polyflouroethylene res in  emuls ion,  Ps = 36 
m b a r  [15 r e su l t s  of f i r s t  th ree  days; within c i r c l e s  a r e  points f r o m  fourth to 
eighth day of exper iment ,  numbers  alongside points indicating day number] ;  
25 clean sur face  with Ps = 36 mba r .  

Polyf luoroethylene s c r eens  0.1-0.3 mm in th ickness  with square  or  round openings with nominal d i ame te r s  
f rom 0.6 to 2.5 m m  were  employed.  The a r ea  of the openings compr i sed  25-35% of the total  heating su r face  
a r ea  (for example  in 1 em 2 of sc reen  a r ea  the re  were  18 openings with d i a m e t e r  of 1.5 ram). The sc reen  
was p r e s s e d  fiat  against  the heating sur face  and at tached at the p e r i m e t e r  with a s ta in less  s teel  ring. 

The use of these  sc reens  changed the cha rac t e r i s t i c s  of boiling and heat  t r a n s f e r  ove r  the ent i re  
p r e s s u r e  range studied (to 0.016 bar) in a radica l  manner .  The boiling p r o c e s s  over  the sur face  covered  by 
the polyfluoroethylene sc reen  was p rac t i ca l ly  indist inguishable in externa l  appearance  f rom boiling under 
a tmospher i c  conditions. F o r  low heat  loads (q _< 20 kW/m 2) a smal l  number  of vapor  format ion  cen te r s  
acted,  the number  increas ing  quickly with increas ing  the rma l  flux, and even at  q = 40 kW/m 2 "colonies"  of 
vapor  bubbles fo rmed a continuous ascending v a p o r - w a t e r  column above the sur face .  

The ef fec t iveness  of using such sc reens  is due, in our opinion, to two fac tors .  F i r s t ,  the in t roduc-  
tion of a hydrophobic mate r i a l  into the superhea ted  liquid boundary lowers  the work  n e c e s s a r y  to fo rm phase 
division su r faces .  In this way the sc reen  placed on the heating sur face  acts  in the s a m e  manner  as spots of 
polyfluoroethylene emulsion on the sur face ,  while at the s ame  t ime  the technological  difficult ies of in t ro -  
ducing the hydrophobic cover ing a r e  s implif ied.  Secondly, the format ion of s table  vapor  regions between 
the po lymer  sc reen  and the meta l l ic  sur face  is poss ib le ,  [. e . ,  the re  may be some analogy he re  with the 
"mush room-shaped"  depress ions  of [17]. The hydrophobtc p rope r ty  must  fu r ther  the s tabi l i ty  of vapor  
format ion  between the sc reen  "skeleton" and the heating sur face ,  while the liquid can pass  f r ee ly  to the 
sur face  through the openings .*  

F igure  3a p resen t s  the exper imenta l  data obtained for  wa te r  boiling on a sur face  covered  by a poly-  
f luoroethylene sc reen ,  with openings 1.5 mm in d i ame te r  (at p r e s s u r e  of 36 mbarS. Under these  conditions 
onset  of boiling took place at AT = 3.5~ i . e . ,  ATBH was reduced by a fac tor  of eight as compared  with 
a ba re  su r face ,  and the heat  t r a n s f e r  coefficients for  t he rma l  f luxes up to 100 kW/m z were  inc reased  by a 
fac tor  of 4-6,  even exceeding the value of the heat  t r a n s f e r  coefficient  for  wa t e r  boiling on a clean ba re  

*A meta l l ic  sc reen ,  geomet r i ca l ly  identical with the polyfluoroethylene one, had p rac t i ca l ly  no effect  on 
w a t e r  boiling at low t e m p e r a t u r e s  (its effect  was analogous to increas ing  roughness  of the heating surface) .  
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Fig. 3. Boiling on a surface covered by a poly-  
f luoroethylene sc reen :  a) water ,  Ps = 36 mbar  [1) 
mesh d iameter  1.5 mm (numbers alongside points 
indicate day of experiment) ; 2) hole d iameter  0.6 
ram; 3, 4) bare  surface with Ps = 0.036 and 1.0 
bar,  respectively];  b) ethanol, Ps = 60 mbar  [1) 
bare  heating surface;  2) surface covered by poly-  
flouroethylene sc reen  with square openings 2.5 
• 2.5 mm)], q, W/m2; AT, ~ 

heating surface at a tmospheric  p ressure .  The 
experimental  data obtained over  the course  of 10 
days approximate the function q ~ AT 3"33. Only in 
the las t  four days of the two-week-long experiment 
was some reduction in the heat t r ans fe r  coefficients 
observed,  although as before,  they exceeded the 
values charac te r i s t i c  of a bare surface by a factor  
of 2-3, Also, over  the entire course  of the exper i -  
ment there were no signs of instability in boiling. 

The question of the optimum dimensions of 
the orif ices in the screen is of grea t  pract ical  in- 
te res t ,  A reduction in this d iameter  increases  the 
"degree of d iscre teness"  of the coating, which 
should produce a positive effect. However, at the 
same time the role of capi l lary effects increases ,  
hindering the penetration of the liquid to the very  
heating surface and creating the danger  of a p remature  
"steaming" or  boU!ng cr i s i s .  These factors  set a 
l imit  to the range of orif ice diameters  possible. 

The fact that such a l imit exists is supported 
by the curve presented in Fig. 3a, obtained with 
the use of a polyfluoroethylene screen with openings 
0.6 mm in diameter .  Although boiling over such a 
screen  appeared stable and intense, heat t r ans fe r  
coefficients decreased with an increase  in t empera -  

ture head due to deter iorat ion in conditions for approach of the liquid to the heating surface.  At q ~ 105 
kW/m 2 there  occur red  a "steaming" of the surface;  an unstable thermal  regime developed, charac ter ized  
by steady increase  in heating surface  temperature .  

The resul ts  of our  study indicate that, in the heat t r ans fe r  rate range up to 250 kW/m 2, in the case of 
water  boiling at p r e s su re s  down to 0.016 bar,  a screen  with orif ices 1.5-2.5 mm in d iameter  is to be r ecom-  
mended. 

Exper iments  also showed the effectiveness of a polyfluoroethylene screen for  boiling of ethanol under 
vacuum conditions. Figure  3b presents  curves for  ethanol (96~) boiling under a p r e s su re  of 0.06 bar on a 
bare  heated surface and with use of the screen.  There  is evidently a significant increase  in heat t ransfer  
with use of the screen,  with which complete stabilization of the boiling process  occurred.  
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is the tempera ture  of heating surface;  
is the saturation tempera ture  of liquid; 
is the tempera ture  head; 
is the tempera ture  head at onset of boiling; 
is the specific heat flux; 
is the change in thermodynamic  potential of system; 
a re  the specific (per unit mass) thermodynamic potentials of vapor and liquid phases r e s -  
pec t ive ly ;  
~s the volume of vapor phase generated; 
~s the 
~s the 
~s the 
is the 
is the 
is the 
~s the 

vapor density; 
surface tension coefficient on vapor - l i qu id  boundary; 
total surface area  of vapor phase generated; 
portion of S over  which vapor phase contacts walls; 
marginal  angle of wettability; 
heat t r ans fe r  coefficient; 
p re s su re  on surface of boiling liquid. 
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