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An a c c o u n t  is g iven  of one of the me thods  of solut ion of the equa t ion  

w h i c h  descr ibes  the var ia t ion  of the radius  of a wa te r  d rop le t  whose 

t e m p e r a t u r e  has b e c o m e  es tabl ished.  

In the very  f i r s t  t ime  in t e rva l  following in t roduct ion  
of water  drople ts  into an a i r  medium the t e m p e r a t u r e  
and concen t ra t ion  f ields become es tabl i shed.  Dur ing  
this t ime,  as may eas i ly  be ver i f ied,  the drople t  r a -  
dius may be cons idered  constant .  

Fol lowing e s t ab l i shmen t  of the t e m p e r a t u r e  and dif-  
fusion f ields the drople ts  evapora te  or grow at the 
p s y c h r o m e t r i c  t e m p e r a t u r e ,  and at this s tage it  is  un-  
doubtedly n e c e s s a r y  to take account of the va r i a t ion  of 
rad ius  with t ime .  

This  kind of subdiv is ion  of the t ime  in t e rva l  has a 
physical  bas i s  and is  very  often applied in the solut ion 
of p rob lems  of this  kind [1, 2]. 

The p r e s e n t  paper  is devoted to solving the equation 
for m a s s  t r a n s f e r  through the drop surface,  which 
equation may be wr i t t en  in the form 

d m = D s  ~ 
dt Or Ir=R 

o r  

dR --_DO. Pc] (1) 
Y d-----~ Or Ir=~. 

The in i t i a l  condit ion for (1) is 

R = R o  at t = 0 .  

Since Pc, gene ra l l y  speaking,  is a function of t and r, 
we mus t  add to (1) a fur ther  equation desc r ib ing  the 
dens i ty  va r i a t i on  for water  vapor  in a i r .  Bea r ing  in 
mind that the p rob lem under  cons ide ra t ion  is sphe r i -  
cal ly s y m m e t r i c a l ,  this  equation has the form 

ap~ = D ( a~pc 2 ap= _---~--- + . (2) 
at \ o r "  r gr / 

The boundary conditions for (2) are 

Pc=Ps at r = R ,  

Pc--Pc~ at t = 0 .  (3) 

Going over to the function 
fo rmula  

u ----rpc, 

we obtain 

u in (2) and (3) via the 

Ou OSu 
- -  D - - ,  ( 4 )  

Ot Or s 

U = P s R  at r = R ,  

u = r p c  0 at t=O.  (5) 

To solve the problem given by (4) and (5) we shall 
examine the equation 

dW 
- -  ~asV .  

dr s 

It is clear that 

V = exp (-- a r) "' (6) 

is one special solution of the equation. 
Multiplying the left and right sides of (4) by (6), and 

integrating with respect to r over the range R to ~o 

we obtain after simple transformations 

0 % dR 
Ot | J u e x p ( - - a r ) d r - - u L ~ e x p ( - - a R )  dt 

R 

= - - D  ---~r + a u  e x p ( - - a R ) +  

" + Da2 -f uexp(--ar)dr.  (7) 
R 

In t roduc ing  the notat ion 

u =  S uexp(- -ar)  dr 
R 

and supposing that Re ~ > 0, we b r ing  (7) to the form 

0 
exp (D a s t) - ~ -  exp (-- D aSt) u =  

( au dR )~:R 
= - -  D "~r + D a u - - u - -  exp(- -aR) .  (8) 

dt 

After  mul t ip ly ing  (8) by exp (-Da2t)  and then in t e -  
g ra t ing  it  f rom 0 to t, we have 

j (  0u uexp( - -Da2 t )=  - D--~- r + D a u - -  
o 

dR ) exp (_aR)exp(_Da~t )d t+u l t=o"  
- -  u d--T ~=R 

Going to the limit as t ~r in this last equation and 

using the boundary condition (5) and the fact that 

ult=o = po (1 + Roa)exp(--aRo), 

Ou ] y dR 
= p s + - - D - - R - - ,  dr [~R dt 

we obtain 

( dR ) i x (9> 
0 
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X exp(--~R)exp(--Da~t)dt = 

pO ( l + a R 0 ) e x p ( - - a R 0 ) .  (9) = --ar- 
(conUd) 

If  we examine  r e l a t i v e l y  l a r g e  d rops ,  i t  may  be con-  
s i d e r e d  that  the dens i ty  of s a t u r a t e d  v a p o r s  at  the  d rop  
s u r f a c e  does  not  depend on the d rop  r ad iu s  and is  ap-  
p r o x i m a t e l y  equal  to the dens i ty  of s a t u r a t e d  vapor  
above a p lane  w a t e r  s u r f a c e .  

Br ing ing  into cons ide r a t i on  a d i m e n s i o n l e s s  p a r a m -  
e t e r  Ko, def ined by the f o r m u l a  

No = ps/~, 

and tak ing  into account  that  the quan t i t i e s  p~ c and Ps 
a r e  c o m m e n s u r a t e ,  which means  

0%, = ~ ~:o, (~ = ogp~), 

after division by Y we may write (9) in the form 

D Ko + R dR, .. + l/-- ~ lf-f R Ko -- Ko R dR X 
o dt 

X exp (--  ~ R ) exp (-- st) d t=  

V h R .  
= Ko~ # s  

w h e r e  

s = D a  ~. 

(10) 

from which it is easy to obtain, following integration, 

D ( ~ - - I )  1 
R~ s 2 

In the  space  of the  o r i g i n a l s ,  r I ha s  the f o r m  

r ~ = 2 V D - ( ~ - - I )  + D( t~- -1)  Ro t. (14) 

Equating coefficients of Ko 2 in (i0) and transferring 
to the originals' space, we obtain, after simple trans ~ 
formations, 

,,. = 2 q -  ~n----/+ ~v='D- V ~  * ~--5- ( is)  

I t  fol lows f rom (14) that  r l i :  1 may  be  w r i t t en  in the 
f o r m  

q;x = 2 0 ( ~ - - I )  ~ +  3 D I / D ' ( ~ - - I )  2 X 

V~-/~o 

•  D 2 ( ~ ' 1 ) 2  t. (16) 

Taking (16) into account, the convolution on.the right 
side of (15) may be represented as follows: 

1 1 drY,  

2VD- V~T ~< dt -- 

2 V D  ( t~-  l ) ~ t -= ~z V ~ 7  , 1 +  

We note that  the  p a r a m e t e r  Ko i s  of the  o r d e r  
10-a_ 10-~. 

I t  i s  expedien t  to s e e k  a so lu t ion  of (10) in the  fo rm 
of a s e r i e s  with r e s p e c t  to Ko: 

R - r0 + Ko rl + Ko ~ r 2 + ... (11) 

Giving a t ten t ion  to the  in i t i a l  eondi t ion  for  (1), we sha l l  
c o n s i d e r  tha t  the  fol lowing equa l i t i e s  obtain: 

rolt=o = Ro. r.lt=o = 0 (n = I ,  2, 3 . . . .  ). (12) 

Pu t t ing  Ko = 0 in (10) and (11), we obta in  for  r 0 the  
equat ion 

Go 

F r o m  the fac t  tha t  the t r a n s f o r m  is  z e r o  i t  fol lows 
that  the o r i g i n a l  in the  c l a s s  of cont inuous funct ions  
mus t  a l so  equal  z e r o .  Hence,  us ing  (12), we obtain 

ro = Ro. (13) 

A f t e r  expans ion  of the  exponent  in a s e r i e s ,  taking 
(11) into account ,  and a f t e r  equat ing t e r m s  with Ko a t  
the  f i r s t  power  in Eq.  (10) we sha l l  have  the  fol lowing 
equat ion for  r l :  

c a  - 

f (D + Ro;a + 
0 

+ l/D-sR0) exp (- -  st) dt =l* ( Ro ]/'D- 

+ 3 D ( ~ - -  1) 2 1 

V~-& V ~  * VF+  

Since  

D V'D(tt - - 1 )  ~ 1 
+ ~g V~7 , t .  (17) 

1 1 

g ~  s / s  ' 

~_Z_~_VS- ~ V~ 1 
]/~'-{ 2 s ~ 

1 1 
.__ % t  ---. ~ 

. r  ~ t  s2v/~" ' 

then i t  i s  t r u e  tha t  

1 2 VT, u @ , V T =  V ~ t ,  
]/.-----~ >k 1 - -  ]/_~ . 2 

1 4 
V---~ ,t = ~ tVr. (is) 

Using (14), 
f o r m  

r 2 

(17), and (18), we sha l l  w r i t e  (15) in the  

4 V ~ ( ~ ' I ) v ~  ( ~ t - - 1 )  . . _  i + x 
. 

x V F + 2 D ( ~ - I ) [ 1  ~ - 1  + 3  ] 
Ro ~ T W--  1) t - -  

2 D V g W - - 1 ) '  t V F  D'(~,--2y t~. 
3 V~N zRg 
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We note that r 3, r 4 .... may be found from (I0) by 

equating coefficients, respectively, of Ko 3, Ko 4 .... , 

and by subsequently solving the equations obtained. 

By replacing r l, r 2 .... in (ii) by expressions (14), 

(15) ..... respectively, we obtain the solution of the 

problem being examined in the form of a power series 

in the dimensionless parameter Ko. 

In the dimensionless variables, introduced by the 

formulas 

rn=Ro~ n ( n = 0 , 1 , 2 ,  ...), t = t o %  

where t o = R~D is a c h a r a c t e r i s t i c  t ime,  we have 

'Vo~ l ,  

2 K~-) 
V-Z 

+ 2  1 - - ~ - - - - J . + - - g - ( ~ - l ) ~  ~ -  

.! 

"~ = 1 .4- Ko% q- Ko~% q- Ko3% q- . . . .  

tion permits us to solve the equation giving the varia- 

tion of water drop radius with time for established tem- 

perature. 

NOTATION 

mis the mass ofawater drop; tis the time; D is 

the diffusion coefficient for water vapor in air; S is 

the surface area of a drop; Pc is the density of water 

vapor in the air; R is the drop radius; r is the spatial 

coordinate; Ps is the density of saturated vapor at the 

droplet temperature; T is the density of the drop; Ko 

is the dimensionless parameter; # is the-supersatura- 

tion of the air by the water vapor; s is the Laplace 

transformation variable; r n (n = 0, i, 2 .... ) are the 

coefficients in the expansion of the drop radius in 

terms of powers of Ko; v is the dimensionless drop 

radius; T is the dimensionless time; t o is the charac- 

teristic time. 
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For large r 

l 
~ - -  1 + Ko(~-- 1)~-- -~ Ko~(~-- 1)=T~ + . . . .  

Thus, this  method of expanding the solut ion in t e r m s  
of a sma l l  p a r a m e t e r  and us ing a Laplace  t r a n s f o r m a -  
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