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Analyzed is the effect  of the re la t ive  vapor  s t r e a m  velocity on the s ize  of condensate nuclei.  

Many studies have been published so fa r  [1-3 et  al.] concerning the s i ze  of condensate  nuclei  in 
s t a t ionary  supe r sa tu ra t ed  vapor .  The resu l t s  of these  studies can be used fo r  analyzing the p roce s s  of 
initial phase  t r ans fo rma t ion  in a vapor  s t r e a m ,  of course ,  but only under the condition that  the re la t ive  
veloci ty  between the phases  is zero .  

In p rac t i ce  one usually encounters  p rob lemsof  condensation in a vapor s t r e a m  where  droplets  move 
re la t ive  to it. Quite understandably,  the conditions of the vapor flow cannot but affect  the kinet ics  of con-  
densation.  It has been shown in [4] that an important  fac tor  in the p r o c e s s  of homogeneous condensation is 
the mean f r e e - f l o w - t i m e  of a droplet .  This mean f r e e - f l o w - t i m e  will be defined as the mean t ime  during 
which a drople t  moves  without colliding against  vapor  molecules ,  i .e. ,  the t ime  between two success ive  
coll is ions of a drople t  containing g molecules  agains t  s ingle vapor  molecules .  

We will de t e rmine  the mean f r e e - f l o w - t i m e  ~g of a drople t  whose radius  is r g  and which cons is t s  of 
g molecules ,  the radius  of each molecule  being r l ,  when g >> 1 and the re la t ive  veloci ty of the vapor  s t r e a m  
is Vlg. F o r t h e p u r p o s e o f a n a l y s i s ,  we consider  s epa ra t e ly  a f ict i t ious spher ica l  sur face  (Fig. 1 )wi th  the 
radius  

? ' ~  rg ,-~ fl' 

representing the effective collision surface between a droplet complex (radius rg) and a vapor molecule 
(radius rl) , and we calculate the number of collisions between vapor molecules and this surface per unit 
t ime .  

The sur face  of the hemisphe re  facing the vapor  s t r e a m  (0 -< 0 -< v / 2 )  will be  denoted by S+, the back  
su r face  ( v / 2  -< 6 -< v) will be denoted by S_. E l e m e n t a r y  spher i ca l  z o n e s  on the f ront  su r face  and on the 
back  sur face  will be denoted by clS+ and d S ,  r e spec t ive ly .  The a r e a  of such an e l e m e n t a r y  zone on the 
given spher i ca l  su r face  is 

dS -= 2nr ~ sin 0d0. (1) 

Le t  us de te rmine  the number  of molecnles  dn+ colliding aga ins t  an e l e m e n t a r y  su r face  e lement  dS+ pe r  
unit t ime.  According to [5], we can wr i t e  

Vm [exp (-- ~l]) + V ~  ~l, [1-~ erf (~n)] } d8+. (2) d n . = n  1 21--~" 

Analogously, the number  of coll isions dn_ aga ins t  a su r f ace  e lement  dS_ is 

dn_ = n I Vm_ {exp (-- ~l])-- 1 -~l. [I-- er[(~l.)]} dS_. (3) 

Here  
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Fig .  1, D i a g r a m  to show ef fec t ive  s ec t ion  th rough  a col l id ing s y s t e m  (f ict i t ious s p h e r i c a l  su r f ace ) .  

Fig.  2, Var i a t ion  in the r e l a t ive  mean f r e e - f l o w - t i m e  of a d rop le t .  

Fig.  3. N u m b e r  of  mo lecu le s  in a condensa te  nuc leus ,  as  a function of  the d e g r e e s  subcooI  AT  (~ in 
wa te r  vapor .  

is the m o s t  p robab le  t h e r m a l  ve loc i ty  of vapor  molecu les .  The  quant i ty  

(Vlg)n 
T I n -  V,~ 

c h a r a c t e r i z e s  the r a t io  of  two ve loc i t i e s :  the componen t  of  the r e l a t i ve  vapor  ve loc i ty  (Vtg) n n o r m a l  to the 
s u r f a c e  e l emen t  and the m o s t  p robab le  t h e r m a l  ve loc i ty  of vapor  molecu les  V m. 

The e r r o r  funct ion in (2) and (3) is 

err (n~) -- 
i N  

2 exp ( - -  x 2) dx. 
V ~ 

0 

(4) 

Wi th  the d i m e n s i o n l e s s  r e l a t i v e  vapor  ve loc i ty  

V~g V~g 

we can wr i t e  

~1~ = ~q cos 0. (5) 

Having  thus d e t e r m i n e d  the n u m b e r  of co l l i s ions  n+ and n_ between vapor  molecu le s  and s u r f a c e s  
S+, S_, r e s p e c t i v e l y ,  we find the total  n u m b e r  of co l l i s ions  

n = n+ + n .  (6) 

In o r d e r  to d e t e r m i n e  n+ and n_, it is n e c e s s a r y  to in tegra te  e x p r e s s i o n s  (2) and (3) with r e s p e c t  to S+ 
and S_, r e s p e c t i v e l y .  Taking  into accoun t  (1) and (5), we obtain 

. / -2kT  n+ = n~ I /  ~ ar~F+ (q), (7) 

1 / - ~  z~r~F_ (n), (8) tZ_ ~ ~1 ]/ ~rrl 1 

w h e r e  

er[ (~1) ~- I] ~ + 2 t" x err (x) dx 
~/-~ 6 (9) 

F+ (G) = 2 T I ' 
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F_ (,~) = ~/;-"" 
2 

err (TI) --  ~12 + 2 .]" x eri (x) dx 
0 (io) 

With the aid of these  re la t ions ,  it is not difficult to de t e rmine  the total  number  of molecules  colliding 
against  a drople t  pe r  unit t ime:  

i f  = n I V "~-~m 1 ~r~FOI),  
(i1) 

where  

~q 

1 1 ~  eft01) + 2 S xeff(x)dx 
0 (12) e (q) = --~ iF+ 01) + F_ (~)] = 2 ~l 

When the re la t ive  vapor  veloci ty  Vlg = 0, then 77 = 0 and function F(~) = 1. Under these  conditions fo rmula  
(11) becomes  the well-known formula  for the number  of coll isions between vapor  molecules  and a sp h e re  
of radius  r g  in a s t a t ionary  gaseous medium: 

n o - -  n~ , - - I / ~ m :  n r  ~. (13) 

Knowing the number  of coll is ions between a droplet  and vapor  molecules  per  unit t ime ,  we can eas i ly  de -  
t e rmine  the mean f r e e - f l o w - t i m e  for a complex  of g molecules :  

1 ! ~o - - ( 1 4 )  

n ] i / / 8 k T  ~r~F OI) 
rl I I/ 

When the re  is no re la t ive  motion, i .e . ,  7/ = 0, then fo rmula  (14) becomes  the well-known fo rmula  for  the 
mean f r e e - f l o w - t i m e  of a drople t  in s t a t ionary  vapor:  

1 ~= 
n: [ f f  Sk__T nr ~ 

~ m  I 

(15) 

With the aid of (14) and (15), we se t  up the ra t ios  

T._g_ 

and 

r (,0 = 1/F (,1). 

( 1 6 )  

(17) 

The t rend of S g / ~  as a function of ~/ is well indicated by  the curve  in Fig.  2. As the d imens ion less  r e l a -  
t ive  veloci ty  o f  the vapor  s t r e a m  77 inc reases ,  according  to the graph,  the quantity Tg/T~ d e c r e a s e s .  For  
low re la t ive  vapor  veloci t ies  01 << 1) the f i r s t  two t e r m s  in the Tay lo r  s e r i e s  expansion of e r f (x)  

e r f ( x ) ~ - - ~  1-- , (is) 

yield,  a f te r  s imple  t r an s fo rm a t i ons ,  

"l:g (19) 
1 , q 2  2 TI 4 

l + - -  A- ]-g- 

Formu la  (19) de t e rmines  the mean f r e e - f l o w - t i m e  of a drople t  as a function of the re la t ive  vapor  veloci ty  
at  low values of 77. 
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F o r  high re la t ive  vapor  veloci t ies  (7 >> 1) the f i r s t  two t e r m s  in the asympto t ic  s e r i e s  expansion of 
e r f  (x) 

err (x) ~ ' exp (--_xS) , (20) 
x i  z~ 

yield a hyperbol ic  re la t ion  

2 
Xg= V ~ I  4 "  (21) 

Le t  us now de t e rmine  the cr i t ica l  s ize  of a condensate  nucleus under the given conditions. Fo r  this it is 
n e c e s s a r y  to es tab l i sh  what num ber  of molecules  in a droplet  gc r  will produce a dynamic equi l ibr ium be -  
tween incoming and outgoing molecules .  

As has been shown in [4], a drople t  consis t ing of gcr  molecules  may  be in dynamic equi l ibr ium 
with the vapor  when the probabi l i ty  p_ of one drople t  molecule evapora t ing  is equal to t h e p r o b a b i l i t y  p+ 
of one vapor  molecule  condensing.  In accordance  with the kinetic theory  of liquids [1] and gases  [5], 

t t 
p_~  -~w and p+ ~ - -  . (22) 

Here  

. A 
xg=  ] / ~ - e x p  kT]  

is the mean t ime  of interaction between vapor molecules  and a droplet .  It follows f rom (22) that  a complex 
of gc r  molecules  may be in dynamic  equi l ibr ium with the ambient  vapor  when the mean t ime  of the i r  i n t e r -  
action r g  becomes  equal to the mean f r e e - f l o w - t i m e  of the complex.  The s ize  of such a complex is d e t e r -  
mined by the number  of molecules  gc r  in it, namely  

rcr 2q [ " 1 = V-4ztr~n, r exp ( - Vg (24) 

Inser t ing  into (24) the mean f r e e , f l o w - p a t h  

1 

~,i= 4n~n I , (25) 

we obtain 

rer = 2  r 1 [ . / ~ 1  ' V (26) 

The number  of molecules  in a drople t  of c r i t ica l  s ize  is then 

" (v t,l 3 (27) 

Unlike in [4], fo rmulas  (24) and (27) take into account  the effect  of the re la t ive  vapor  veloci ty  on r c r  
and gcr" For  the condensation in a s t a t iona ry  medium (Vtg = 0 and ~ = 0) fo rmulas  (24) and (27) become 
d i r ec t ly  the well-known fo rmu la s  in [4]. 

The c r i t i ca l  number  of molecules  gcr  as a function of deg rees  subeool AT is shown in Fig. 3 for  
wa te r  vapor  under  a p r e s s u r e  of 0.5 bar  and at var ious  values of V f rom 0 to 5. The graph  indicates that  
at eachva lueofT/ the  number  of molecules  in a condensate  nucleus d e c r e a s e s  as the degrees  subcool in -  
c r e a s e .  As the d imens ion less  r e l a t ive  veloci ty  7/ i n c r e a s e s ,  the number  of molecules  in a c r i t i c a l - s i z e  
d rop le t  d e c r e a s e s  continually.  Fo r  low re la t ive  veloci t ies  (~/ << 1) Eqs.  (12), (17), and (18) yield 

[r c q )~1 I Vg 
1 2 2 ~ exp --2kT-)-- , �9 - -  " - -  ( 2 8 )  rcr = 2r, A I + y ~l - - - - - ~  '1 
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a n d  

1 ~l ~ ~l 4 gcr = 8  h l+---j- -- 

and 

For  high re la t ive  veloci t ies  (~ >> I) Eqs. (12), (17), and (26) yield 

A ~ ,  2kT 
(3o) 

g c r = 8  )~t. 2 exp - - ~  -- �9 
A V.~ 

These  formulas  yield the values of r c r  and gcr  for two ex t reme cases  of a two-phase flow: when the r e l a -  
tive veloci ty  between vapor  and droplets  is low and when the thermal  veloci ty of vapor molecules is high. 

N O T A T I O N  

& is the width of potential  gap; 
k is the Boltzmann constant; 
m t is the mass of a molecule;  
n t is the number  of molecules per  m t t  vapor volume; 
T is the absolute t empe ra tu r e  of vapor;  
Vg is the energy of bond between a molecule and a complex; 
t is the t ime.  
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