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The theory of precipi tat ion is applied to medium-s ize  par t i c les  under the influence of t he rmo-  
and diffusophoretic forces  in gas s t r eams  through slot channels. A formula for the aerosol  
entrapment  fac tor  is  then derived. 

When a binary gaseous mixture (consisting, for example, of water  vapor and air) is passed  through 
a slot channel [1], with nonuniform tempera ture  and concentrat ion distr ibutions,  then medium-s ize  volatile 
par t ic les  forming around dry  condensate nuclei in a s t r eam supersa tura ted  with vapor will precipi ta te  on 
the channel walls under the influence of diffuso- and thermophoret ic  fo rces  [1, 4]. 

The velocity of par t ic les  suspended in a gas (shown in x, y coordinates  in Fig. 1 with s y m m e t r y  with 
respec t  to the z-axis)  

v = V + v D + v r, (1) 

with V denoting the s t r eam velocity, v D denoting the diffusophoretic veloci ty [2], and v T denoting the 
thermophoret ic  velocity of volatile par t ic les ,  was determIned f i r s t  by Yu. I. Yalamov and E. R. Shchukin 
[3] and later  more  accura te ly  by Yu. I. Yalamov, B. V. Deryagin,  and V. S. Galoyan [4] (the Yalamov 
--Deryagin--Galoyan formula will be used here). 

By solving the equation 
dx dz 
v~ v~ (2) 

one can determine the ex t reme t r a j ec to ry  of a par t ic le ,  i . e . ,  the t r a j ec to ry  which pas ses  through the 
channel exit (x = d /2 ,  z = l c) and which bounds the region adjacent to the channel wall where all par t ic les  
of a given kind precipi tate .  

The ent rapment  factor ,  defined as the ratio of the number  of par t ic les  precipi ta t ing on the wall per  
unit time to the number  of par t ic les  enter ing the channel during that time (we assume that ae roso l  par t i c les  
are  uniformly distr ibuted in a gas at  the channel entrance),  is 

a a ' (3) 

2 

with x H denoting the coordinate of the ext reme t r a j ec to ry  at z = 0. 

In prac t ice  one may use the model of a slot condenser  where the tempera ture  and the concentrat ion 
of the vapor of the volatile substance (for example,  of water  vapor  in air) n 1 are  given at the entrance and 
at the wails of the channel [1], under the condition that nl < n2: 

T(x = 0, z = 0 )  =Tin ;  n l(x = 0 ,  z = 0 ) =  nzin: (4) 

T ( x =  + - - , d  z ) = T w  ; n z ( x  = + d ) _ _  
- -  2 - 2 , z = n z w  (5) 

The distr ibutions of mass  velocity, concentration,  and tempera ture  in such a channel are  
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Fig. 1. Schemat ic  d i a g r a m  of a 
slot  condenser .  

n~ (x, z) = nlw + 

(2x) 2 ] 
V~=Vo I - -  d ~ , (6) 

with V 0 = (3/2)V denoting the m a x i m u m  s t r e a m  veloci ty  (V denoting 
the mean  s t r e a m  velocity) ,  

V ~ = - - D  n . P_A_~ gradnl, (7) 
nln ~ P 

D denoting the mutual  diffusivity of the mix ture  components ,  Pi 
= mini,  P = Pl + P2, m] denoting the m a s s  of a molecule of the i - th  
kind, ni denoting the number  of molecu les  of the i - th  kind p e r  unit 
t ime,  

2x 2 (nl in--nzw) exp { - - ( - ~ - - ) 2  D~z - 0 . 8 5 ( - j - )  } 
vo 

o.o ], 

v .  

•  

T (x, z) = T w + 

X[I-- 
and a 2 denoting the t h e r m a l  diffusivity. 

Fo r  the ve loc i ty  of p a r t i c l e s  we have 

(, + 

26 K~-+-%T 1 +  R]J 

2Krstv • + zi + 1 -+- 2Ks:k/R 

(s) 

(9) 

(10) 

(zi) 

In e x p r e s s i o n  (11) n 2 = n l n  1, n = p / k T ,  C m, Ks l ,  KTs  l a re  the coeff icients  of diffusive,  i so the rma l ,  and 
t h e r m a l  sliding, X i s  the m e a n - f r e e - p a t h  length, ~ e  and ~r a re  the t h e r m a l  conductivi ty of the gas  and of 
a droplet  r e spec t ive ly ,  L is  the specif ic  heat  of evapora t ion ,  v is  the k inemat ic  v i scos i ty  ~ = dnls (T) /dT 
with his(T) denoting the densi ty of sa tu ra ted  vapor  of the volat i le  component  in the mixture  a t  t e m p e r a t u r e  
T, C t and K s a re  the coeff ic ients  a s soc ia t ed  r e s p e c t i v e l y  with the t e m p e r a t u r e  jump and the concentra t ion 
jump of the volat i le  component  a t  the drople t  su r face ,  T and n a re  r e spec t i ve ly  the t e m p e r a t u r e  and the 
densi ty  of the gas  at  a given point,  and k is  the Boltzmann constant.  Equation (2) has no analyt ical  solution 
when 

I An~ > 0.6, fi_f_7 > 0.6, (i2) 
7~2 W Tw 

where 

A n ~ : n  2(xH, z : 0 ) - - n z w  :, AT : T (xn, z :  O) - -  T W" 

In that  case  we find the e x t r e m e  t r a j e c t o r y  by subdiu the channel into s e v e r a l  segments  along the 
z - ax i s  so that  the coeff ic ients  a s soc i a t ed  with g rad  n 1 and grad  T in i l l )  may  be a s s u m e d  constant  within 
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F i g .  2. T h e o r e t i c a l  and  t e s t  v a l u e s  of  the e n t r a p m e n t  f a c t o r  6 (%) a s  a func t ion  

of  the t e m p e r a t u r e  d i f f e r e n c e  A T  = T i n - - T w  (~ fo r  T w = 285~ and  ) t / I t  = 0.1. 

F ig .  3. T h e o r e t i c a l  c u r v e s  of  the e n t r a p m e n t  f a c t o r  a s  a func t ion  of  (A) the 
channe l  width  5 = f(d) and  (B) the channe l  l eng th  (3 = f( /c) :  d (cm) ,  / c ( c m ) ,  5 (%), 
h / R =  0.1. 

each segment, and by successively determining the particle trajectories within each segment from the 
channel exit (x = + d/2, z = Ic) to the channel entrance (the end of the trajectory in segment r + 1 being 
also the beginning of the trajectory in segment r). 

If condition (12) is satisfied, then substituting n 2 = n2w + A--n2/2 and T = T w + A-~/2 in (ii) will yield 
an analytic solution for the entrapment factor, without the need to subdivide the channel into segments: 

a) when the effect of thermophoretie forces is negligible, i.e. when v D >> VT; solution (2) with the 
initial condition (x 0 = d/2, z 0 = le) and x H = d(i--5)/2 will then yield the following analytic expression for 
the entrapment factor: 

- -  In (1 - -  6) - -  0.425 (i - -  6) 3 - -  0.09 (1 - -  6)~ - -  0.017 (1 - -  6) 6 

+ exp [0.85 ( 1 - -  6)21 --_- A_.n, . m~ 1 + 

1.7 n~ m~ 1 + 2C~ 

 o}1+ (13) 

b) when the e f f e c t  of  v o l a t i l i t y  i s  n e g l i g i b l e ,  
s e c o n d  t e r m  on the r i g h t - h a n d  s ide  of (11) m a y  be o m i t t e d ;  we then  have  

- -  In (1--6)--0.425 (1--6) 2 _  0.09 (1--6)* - -  0,017 (1--5) 6 + exp {0.85 (1--6) 2} 
1.7 

i .  e . ,  when ue  << ( x i  + (2Lm~SD/(1 + 2 K s k / R ) )  and  the 

] 
2KTu �9 d e  t 

AT 3.4 ~2 a21c 

F o r m u l a s  (13) and  (14) have been  d e r i v e d  fo r  a l a m i n a r  f low of  g a s e s  wi th  a p p r o x i m a t e l y  de f ined  
b o u n d a r y  cond i t i ons  (the g a s  t e m p e r a t u r e  and  the d e n s i t y  of  the v a p o r  of  the v o l a t i l e  c o m p o n e n t  in the 
m i x t u r e  a r e  s t i p u l a t e d  no t  a c r o s s  the e n t i r e  e n t r a n c e  s e c t i o n  but  on ly  a t  the i n i t i a l  p o i n t  x = 0, z = 0) w i t h -  
out  c o n s i d e r i n g  the p o s s i b i l i t y  of  g a s  t u r b u l i z a t i o n  o r  tha t  l a r g e  p a r t i c l e s  m a y  p r e c i p i t a t e  u n d e r  t h e i r  own 
weight .  

A l though  r e l a t i o n s  (13) and  (14) have been  d e r i v e d  fo r  a l a m i n a r  f low,  a c o m p a r i s o n  with  the t e s t  da t a  
o b t a i n e d  by  A. N. T e r e b e n i n  [5] i n d i c a t e s  t h e i r  a p p l i c a b i l i t y  wi th in  the r a n g e  Re -< 500, i n a s m u c h  a s  the 
t h e o r e t i c a l  v a l u e s  f o r  the e n t r a p m e n t  f a c t o r  a r e  on the low s ide  and  d i f f e r ,  wi th in  th i s  r a n g e  of the R e y n o l d s  
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n u m b e r ,  by  5-30% f r o m  the t e s t  v a l u e s  (Fig .  2). 

T h e r e  a r e  no o t h e r  da t a  a v a i l a b l e  in  the s c i e n t i f i c  l i t e r a t u r e  b e s i d e s  the  t e s t  da t a  p e r t a i n i n g  to the 
a e r o s o l  e n t r a p m e n t  f a c t o r  a s  a func t ion  of the t e m p e r a t u r e  d i f f e r e n c e  (A T = T i n - - T w ) ,  o b t a i n e d  b y  A. N. 
T e r e b e n i n  and  A. P .  Bykov  [5-7] wi th  a s e m i i n d u s t r i a l  c o n d e n s e r - d i f f u s i o n  f i l t e r  p a s s i n g  a b i n a r y  a i r  and  
w a t e r  v a p o r  m i x t u r e .  

M e a s u r e d  and  c a l c u l a t e d  v a l u e s  of  the  e n t r a p m e n t  f a c t o r  5, a s  a func t ion  of  the t e m p e r a t u r e  d i f f e r e n c e  
( A T  = Tin - -Tw) ,  a r e  c o m p a r e d  in  F ig .  2 (d = 0.6 c m ,  l c = 92 cm,  V 0 = 120 c m / s e c )  wi th  a l l  n and  Nlw e q u a l  
to the d e n s i t i e s  of  s a t u r a t e d  w a t e r  v a p o r  a t  t e m p e r a t u r e s  Tin and  T w r e s p e c t i v e l y .  A c c o r d i n g  to the g r a p h ,  
the t h e o r e t i c a l  v a l u e s  of  the  e n t r a p m e n t  f a c t o r  d i f f e r  f r o m  i t s  t e s t  v a l u e s  wi th in  30%. 

Owing to the l a c k  of  t e s t  da ta ,  in  F ig .  3 A,  B a r e  shown on ly  t h e o r e t i c a l  c u r v e s  of the e n t r a p m e n t  
f a c t o r  5 a s  a func t ion  of  the  channe l  width  d( l  c = 92 cm;  V 0 = 120 c m / s e c ;  T w = 285~ A T  = 38 ~ (a); A T  
= 63 ~ (b); A T  = 80 ~ (c)) and  a s  a func t ion  of  the channe l  l eng th  I e (d = 0.6 cm)  a t  u = 120 c m / s e c ,  T w 
= 285~ and  A T =  38 ~ (a); A T =  63 ~ (b); A T =  80 ~ (c)) in e a c h  c a s e ,  w i t h n l i n  and  n lw e q u a l  to the d e n s i t i e s  
of  s a t u r a t e d  w a t e r  v a p o r  a t  t e m p e r a t u r e s  Tin and  T w r e s p e c t i v e l y .  A c c o r d i n g  to F ig .  3, a n a r r o w i n g  of  
the channe l  o r  a l e n g t h e n i n g  of the  p l a t e s  wi l l  c a u s e  the e n t r a p m e n t  f a c t o r  f i r s t  to i n c r e a s e  f a s t  up to a 
c e r t a i n  l i m i t  a n d  then  to r e m a i n  a l m o s t  cons t an t ,  which  i s  i m p o r t a n t  to c o n s i d e r  in  the d e s i g n  of s l o t  c o n -  
d e n s e r s .  
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