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The t ime of the total c lear i r ,  g of pa r t i c l e s  f r o m  a given volume around growing or e v a p o r a -  
ting drops  is calculated on the bas i s  of the theory  of motion of modera t e ly  la rge  nonvolati le 
ae roso l  pa r t i c les  in b inary  gas  m i x tu r e s  which a re  nonuniform in t e m p e r a t u r e  and concen-  
t r a t ion .  

If  in a volume containing a b inary  gas mix ture  with suspended nonvolati le ae roso l  pa r t i c l e s  one p laces  
growing or evapora t ing  drops  capable of changing into one of the components  of the gas  mix tu re  through a 
phase  t r ans fo rma t ion ,  then under ce r ta in  conditions one can c lea r  the volume of ae roso l  p a r t i c l e s .  The p a r -  
t i c les  can move onto the drops  and be adsorbed  on t hem.  

Vapors  of the drop m a t e r i a l  f o rm one of the components  of the b inary  gas mix ture  (the f i r s t ,  to be 
specif ic) .  The number  of vapor  m o l e c u l e s  per  unit volume can be e i ther  comparab le  with the number  of 
molecu les  of the main gas or smal l  in compar i son  with the l a t t e r .  

The analys is  is pe r fo rmed  with the condition that  the t ime of total c lear ing  of a given volume around 
a drop is considerably  l e s s  than the t ime  of a significant change in its s i ze .  The la t ter  condition occurs  
in an overwhelming number  of the ae roso l  s y s t e m s  actual ly  obse rved .  

In order  to de te rmine  the t ime requi red  for t h e  total c lear ing  of nonvolati le ae roso l  pa r t i c l e s  f rom 
a given volume around a drop, it is enough to calculate  the total veloci ty  of the modera t e ly  la rge  nonvolati le 
ae roso l  pa r t i c l e s  re la t ive  to the center  of the drop.  The total veloci ty  of an ae roso l  par t ic le  can be r e p r e -  
sented in the fo rm 

u = u ( m  + u (r) + u (c:i) 

(1) 
where  u (D) is the veloci ty  of d i f fus iophores is ,  u (T) is the veloci ty of t he rmophore s i s ,  and u (c ' i )  is the 
veloci ty of the center  of inert ia  of the b inary  mix ture  re la t ive  to the center  of the drop.  

The s t r i c t e s t  theory of the t he rm ophore s i s  of modera te ly  la rge  nonvolati le pa r t i c les  in one -compo-  
nent gases  was constructed in [1]. This  theory  is not suitable for a b inary  gas mix tu re ,  however .  An 
overa l l  equation for the t h e r m o -  and di f fus iophores is  of modera t e ly  la rge  nonvolati le ae roso l  pa r t i c l e s  in 
b inary  gas  mix tu res  was obtained l a t e r  in [2]: 

w ,2, 

The following notatLon is introduced in Eq .  (2): ~?0, Oo, and T O a re  the v iscos i ty ,  ave rage  densi ty,  and 
average  t e m p e r a t u r e  of the gas mixture ,  r e spec t ive ly ,  ~e is the specif ic  t he rma l  conductivity of the m i x -  
ture ,  u i is the specif ic  t he rm a l  conductivity of the pa r t i c le ,  X is the mean f ree  path of the gas molecu les ,  
R 0 is the rad ius  of the par t ic le ,  KTS / and K~T~/)are the coeff icients  of the rma l  sl ippage and thermodiffus ional  
s l ippage,  r e spec t ive ly ,  C T is the coefficient  of the t e m p e r a t u r e  jump, C m is  the sl ippage coefficient,  C l 
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is the re la t ive  concentrat ion of the f i r s t  component  of the mix ture ,  and Di2 is the mutual  diffusion coefficient .  
I f  the origin of the spher ica l  coordinate  s y s t em is taken at the center  of the drop and it is a s sumed  that the 
dis t r ibut ion of the concentrat ion C~ of the component  which condenses  (or evapora tes )  at  the sur face  of the 
par t i c le  has  spher ica l  s y m m e t r y  just  like the dis t r ibut ion of the t e m p e r a t u r e  T, then these dis t r ibut ions  
can be found by solving the s t eady- s t a t e  equations of diffusion 

and heat  conduction 

~ "--~7 ~, or ) (4) 

In (3) and in (4) the value r is the distance f rom the center  of the drop to the point (r >R) where the concen-  
t ra t ion  C 1 or the t e m p e r a t u r e  T is sought fo r .  We a s sume  that at a large distance f rom the drop (as t--~ 
the concentrat ion of the f i r s t  component  is equaI to C,~ and the t e m p e r a t u r e  is %0. At the sur face  of the 
drop (at r =R) these  values equal C10 and T 0, respec t ive ly .  

Let  us  wri te  the solutions of the equations of diffusion (3) and heat  conduction (4) with the boundary 
conditions noted above:  

R 
Q = C1~ - -  (C1~ - -  C10) - - ,  r (5) 

T =  T o o - - ( r ~ - -  To) R . (6) 
r 

An additional migra t ion  re la t ive  to a s ta t ionary  drop will be observed  for nonvolati le ae roso l  p a r -  
t i c les  if there  ts a diffusional flux to the drop (or f rom it) of the f i r s t  component  through the quiescent  
second component  of the b inary  gas m i x t u r e .  

This migra t ion  is equal to the veloci ty of the center  of g rav i ty  of the gas mix ture  [3]: 
2 

u C A = ~ D t  2 n0m~ vC1, 
nos Po (7) 

U r ---~ 

where n02 is the number  of molecu les  of the second component  of the gas mix ture  per  unit volume,  n o =n01 + 
n02. and m 1 is the m a s s  of a molecule  of the f i r s t  component .  

Because  of the spher ica l  s y m m e t r y  of the p rob lem the radia l  component  u r of the total veloci ty  of a 
par t ic le  re la t ive  to the evapora t ing  or growing drop will be di f ferent  f rom z e r o .  

Let  us subst i tute  the concentra t ion and t e m p e r a t u r e  d is t r ibut ions  (5) and (6) into (2) and (7) and con-  
s ider  that it is n e c e s s a r y  to re ta in  only the rad ia l  component  of the g rad ien t s .  As a r e su l t  we obtain 

, ~ ( s , )  ( CT z '/ 
2(Krsl'lo-T-,,r~ r#0) \xe + • - -~o1 R 

(T= - -  To) 

- -  K s l  Ol~ R ( G |  - -  Cto) 

I + 2Cr ~-~-] 4- 2• r"- �9 R o t  

- -  DI~ 'g m)~ (Ci~ - -  Qo). 
no2 Po r -  

Equation (8) can be r e p r e s e n t e d  in a m o r e  compact  fo rm:  

ur = - -  ( ' 1  + '2 )  R--: , 
r -  

(8) 

(9) 

where  

, ~.(_s~l ( C~Z '~ 
2(Krsl~lo T,,TD ToPo) • + xi - - ~ o / ( T |  To) 

0o) 
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~. + . (C, |  - -  C~o). (11)  

If the coefficient  (~t +~2) ts positive then the par t ic le  will be a t t rac ted  toward the drop and it will be repel led 
if it is negative.  We assume that (r +@2) > 0. Then we can calculate the t ime requ i red  for the total c lear ing 
of nonvolatile aerosoi  par t ic les  f rom a given spherical  volume of radius R v > R encompassing the drop,  
This t ime follows f rom the equation 

t = (' ---~ = R~~ ~"  
J ur 3(~1-k ~ )  R (12) 
as 

To sum up, an equation is obtained for  the t ime of c lear ing a given volume (with the selected values of 
Cvo, C10, T~, and To) of modera te ly  large nonvolatile aerosol  pa r t i c l e s .  
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