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This article gives asymptotic expressions for the specific diffusion flows at the surface of 
an evaporating drop and studies some of their properties. 

Vapor iza t ion  and condensat ional  growth of drops  a re  known to be substant ia l ly  non - s t eady - s t a t e  p r o -  
c e s s e s  [1, 2]. I t  is the re fo re  of definite in te res t  to inves t igate  those f ea tu res  of solution of the d r o p - e v a -  
pora t ion  p rob l em that a re  a s soc ia t ed  with cons idera t ion  of the non - s t eady - s t a t e  c h a r a c t e r  of the p ro ce s s  
and of the mobi l i ty  of t:he in te r face  between the liquid and gaseous  phases .  Cer ta in  p r o p e r t i e s  of solutions 
to n o n - s t e a d y - s t a t e  p rob l ems  were  cons idered  p rev ious ly  [3, 4]. 

The solut ions of the equations descr ib ing  q u a s i - s t e a d y - s t a t e  and non - s t eady - s t a t e evapo ra t i on  of a wa te r  
drop,  with and without the influence of reduct ion of i ts  s ize taken into account through a function c h a r a c t e r i z -  
ing the p r o c e s s  r a t e ,  can be r e p r e s e n t e d  in the fo rm of the following asympto t ic  s e r i e s  for  powers  of the 
sma l l  d imens ion less  p a r a m e t e r  Ko: 

R : R o - ~ K o  D ( s - - 1 )  D 2 ( s - 1 )  2 p D 3 ( s - l )  ~ p _ _ . . .  
Ro t - -  Ko 2 2R3o -}- t<o 3 2Ro5 , (1) 
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The p r e se n t  a r t i c l e ,  which is a continuation of e a r l i e r  s tudies [3, 4], is devoted to ce r t a in  p r o p e r t i e s  
of the specif ic  diffusion flows nea r  the su r face  of a drop under  q u a s i - s t e a d y - s t a t e  and non - s t eady - s t a t e  
evapora t ion  r e g i m e s .  

Using the equation 

dt = y o 7  r=R 

which defines the ra te  of change of the drop radius  with t ime ,  the exp res s ions  for  the flows a re  wri t ten in 
the form:  

dR �84 

dR* 
] * = - - Y  dt ' 

dR** 
]** ~ - -  Y dt 

(4) 

(5) 

(6) 
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Different iat ing the expansions in Eqs.  (1), (2), and (3) for  the var iable  t and substituting the values 
of the der iva t ives  dR /d t ,  dR*/d t ,  and dR**/d t  into Eqs.  (4), (5), and (6) respec t ive ly ,  we obtain the follow- 
ing re la t ionships  for  the specif ic  diffusion flows near  the drop surface:  

j = y K o  D 0 - - s )  [ l + K o  D ( t - - s )  3D2(l--s) 2 ] 
Ro R~ 2 - t + Ko 2 2R~ t2 + . . . .  (7) 

l,__,Ko D(1--s) { Ro [ D(1--s) 2F'-D(I's) ] } 
Ro 1 + ~ / ~  + K o  R~ 2 t +  Rov'--~- V~) - + . .  , (8) 
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It is readi ly  seen f rom Eqs.  (7), (8), and (9) that the non-s teady-s ta te  diffusion flows j* and j** can 
be r ep resen ted  in the fo rm of the sum of the cor responding  quas i - s t eady-s ta te  flow j and cer ta in  auxi l iary 
t e r m s  that take into account the non-s teady-s ta te  cha rac t e r  of the p roces s ,  as well as the influence of r e -  
duction of drop size (in the fo rm of a function charac te r iz ing  the evaporat ion rate) .  

Using the expansions in Eqs .  (7), (8), and (9), we readi ly  obtain the following asymptot ic  formulas  
for  the functions j = j(t), j* = j*(t), and j** = j** (t) when t ~ 0: 

j ~ T K o  

D (1 --s) 
j*~.~Ko 

j** = 7Ko O (1 --s) V-D (1 --s)  
Pc + v Ko Vh-7 

compar i son  of which yields 

D (1 - - s )  
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Analysis of s e r i e s  (7), (8), and (9) and asymptot ic  re la t ionships  (10), (11), and (12) leads to the con-  
clusion that the express ions  for the non-s teady-s ta te  diffusion flows differ  mate r ia l ly  f rom the co r r e spond-  
ing express ion  for  the quas i - s t eady-s t a t e  flow near  the surface  of an evaporat ing drop during the ea r l i e s t  
phases  of the p roces s .  Moreover ,  it  follows f rom Eqs,  (10), (11), and (12) that the inequality 

j, > j** > j  (13) 

is sat isf ied at s < 1 (drop evaporation) and t ~ 0, which indicates that the non-s teady-s ta te  diffusion flows 
f rom the surface  of the drop during evaporat ion are  g rea t e r  than the corresponding quas i - s t eady-s ta te  flow 
at t imes  close to the s t a r t  of the p roces s .  Direct  compar i son  of Eqs .  (7), (8), and (9) shows that Eq. (13) 
is sat isf ied for  any value of the var iable  t in the in terval  0 - t - tc ,  where t c is the t ime requi red  for  com-  
plete evaporat ion of the drop,  de te rmined  f rom the M a x w e l l -  Sreznevski i  formula .  

Examining the dif ference between the express ions  for  the non-s teady-s ta te  diffusion flows obtained 
with and without the mobili ty of the in ter face  between the liquid and gaseous phases  taken into account, it 
is eas i ly  seen that this di f ference becomes  quite large  during the initial phase of the p roces s .  It also fol-  
lows f rom Eqs.  (10), (11), and (12) that,  with any fixed value of the var iable  t as close to zero  as des i red ,  
t h e d i f f e r e n c e s  ] * - j  and j * * - ]  are  proport ional  to the f i r s t  power of the p a r am e te r  Ko (the t e r m  --2Ko 
• (1 - s ) /Tr  in Eq. (11) is neglected,  since it  is much less  than one), while the difference j * - j * *  is p ro -  
port ional  to Ko 2. It is t he re fo re  not impor tant  to take into account the influence of the dec rease  in drop 
s ize  (in the form of a function descr ibing the evaporat ion rate) ,  which is small  in compar ison  with the in-  
f luence of the non-quas i - s t eady-s t a t e  cha r ac t e r  of the p ro ce s s  during its initial phase.  

1292 



F r o m  the ma thema t i ca l  standpoint ,  the above d i f fe rences  in the asympto t ic  p r o p e r t i e s  of the e x p r e s -  
s ions for  the flows j* and j and the flows j** and j at t imes  c lose  to the s t a r t  of evapora t ion  can be a t t r ibuted 
to the fact  that the de r iva t ives  d R * / d t  and dR** /d t  tend to - ~  when t ~ 0, so that l im j* = + ~ and l im j** 

= +~ ,  while the der iva t ive  d R / d r  has  a l imi t  as t -.- 0 that is constant  and equals  - K o [ D ( 1 - s ) / R 0 ]  and lira j 

= 7 K o [ D ( 1 - s ) / R 0 ] .  This  asympto t ic  behav io r  of the exp re s s ions  for  the specif ic  diffusion flows j* and j** 
when t ~ 0 is obviously due to the fact  that ,  during n o n - s t e a d y - s t a t e  evapora t ion  (both with and without the 
mobi l i ty  of the in te r face  between the liquid and gaseous  phases  taken into acco~mt), there  is a discontinuity 
in the densi ty dis tr ibut ion for  the vapor  in the immed ia t e  vicini ty of the drop during the initial per iod  of the 
p r o c e s s ;  a t rans i t ion  to a continuous dis tr ibut ion occu r s  l a t e r .  

If  condensat ion of vapor  f r o m  the gaseous  phase  occurs  at the drop su r face ,  the exp re s s ions  for  the 
specif ic  diffusion flows nea r  the drop sur face  equal the r ight  s ides  of the asympto t ic  expansions  (7), (8), 
and (9) with opposite s ighs.  Analysis  of these  exp re s s ions  shows that the inequali ty 

J** > i* > i 

holds for  condensat ional  drop growth,  being sa t i s f ied  at any t in the in terva l  0 -< t -< t c. 

Cons idera t ion  of the speci f ic  m a t e r i a l  flows nea r  the drop sur face  during condensat ion on it of vapor  
f rom the surrounding space  under a q u a s i - s t e a d y - s t a t e  or  n o a s t e a d y - s t a t e  r eg ime  (with or  without taking 
into account the influence of the change in drop size through a function cha rac t e r i z i ng  the ra te  of conden-  
sat ional  growth) leads  to conclusions analogous to those drawn in invest igat ing drop evapora t ion  (in the 
sense  of the asympto t ic  behav io r  of the exp re s s ions  for  the specif ic  diffusion flows nea r  the drop sur face  
at the s t a r t  of the p r o c e s s ) .  

The r e su l t s  obtained above on the asympto t ic  behav io r  of the exp re s s ions  for  the specif ic  diffusion 
flows nea r  the su r face  of an evapora t ing  drop (or a drop on whose su r face  vapor  is condensing f r o m  the s u r -  
rounding space) ve ry  e a r l y  in the p r o c e s s  a re  in a g r e e m e n t  with the conclusions of Todes [5l. 

I t  mus t  be noted that solution of the q u a s i - s t e a d y - s t a t e  and n o n - s t e a d y - s t a t e  d rop -evapora t ion  p r o -  
b l e m s ,  r e p r e s e n t e d  in the fo rm of s e r i e s  for  powers  of a smal l  d imens ion less  p a r a m e t e r  (equal to the rat io  
of the densi ty of the sa tu ra t ed  vapor  at the drop t e m p e r a t u r e  to the densi ty of the drop ma te r i a l ) ,  is  ve ry  
convenient  for  studying the bas i c  c h a r a c t e r i s t i c s  of evapora t ion ,  which involves taking into account the in-  
fluence of the d e c r e a s e  in drop s ize  through a function descr ib ing  the p r o c e s s  r a t e ,  and for  examining the 
poss ib i l i ty  of using the q u a s i - s t e a d y - s t a t e  approximat ion  in the theory  of drop evapora t ion  and growth.  A 
s epa ra t e  r e p o r t  will be devoted to d iscuss ion  of this p rob l em.  

R, R*, R** 
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p 
r 
j, j*, j** 

NOTATION 

a re  the r e spec t ive  drop radi i  during q u a s i - s t e a d y - s t a t e  evapora t ion ,  n o n - s t e a d y - s t a t e  evapo-  
ra t ion  with mobil i ty  of l i q u i d - g a s  in ter face  neglected,  and non - s t eady - s t a t e  evapora t ion  with 
in te r face  mobi l i ty  taken into account; 
is  the t ime;  
is  the d imens ion less  p a r a m e t e r  equal to ra t io  of densi ty  of sa tu ra ted  vapor  at drop t e m p e r a -  
ture  to densi ty  of drop m a t e r i a l ;  
is  the diffusion constant  of vapor  in a i r ;  
is the supersa tura t ion ;  
is  the initial drop radius;  
is the densi ty  of drop m a t e r i a l ;  
is  the densi ty  of vapor  in space  sur rounding  drop; 
is the spat ia l  coordinate;  
a re  the speci f ic  diffusion flows nea r  su r face  of drops  with radi i  R, R * ,  and R** re spec t ive ly .  
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