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M e m b r a n e  f i l t e r s  in which  p a r t i c l e  p r e c i p i t a t i o n  t a k e s  p l a c e  on the  f r o n t a l  s u r f a c e  have  been  w i d e l y  
u sed  r e c e n t l y  for  s tudy ing  h y d r o s o l s  and  a e r o s o l s .  In c o n t r a s t  with m e m b r a n e  f i l t e r s  hav ing  a c o m p l e x  
s t r u c t u r e  of  s inuous  p o l y d i s p e r s e  p o r e s ,  the  s o - c a l l e d  n u c l e p o r o u s  f i l t e r s  [1] a r e  a t r a n s p a r e n t  th in  f i lm  
o f  t h i c k n e s s  I ~ 15 # wi th  c i r c u l a r  c h a n n e l s  of i d e n t i c a l  d i a m e t e r  f r o m  0.25 to 8 ~ ,  a r r a n g e d  p r i m a r i l y  p e r -  
p e n d i c u l a r  to the  f i l t e r  p lane ;  the  f i l t e r  p o r o s i t y  i s  about  5%. 

The  f i l t e r  m a t e r i a l  ( p o l y c a r b o n a t e ,  d e n s i t y  0.95 g / c m  3) i s  c h e m i c a l l y  s t a b l e  to m a n y  r e a g e n t s  and 
d o e s  not l o se  i t s  high s t r e n g t h  up to 140~ The c h a n n e l s  a r e  o b t a i n e d  by c h e m i c a l  e t ch ing  of  the  f i lm  a f t e r  
i r r a d i a t i o n  by h i g d - e n e r g y  h e a v y  p a r t i c l e s  [2]. 

Fo l l owing  a r e  the c h a r a c t e r i s t i c s  of  four  t y p e s  of f i l t e r s  m a n u f a c t u r e d  by G e n e r a l  E l e c t r i c :  

Type l, p N,cm -z r, p r*, p 
t 0.5 13.2 4.5.i0 T 0.32 0.32 
2 1 t6.5 4.8.t06 0.58 0.56 
3 2 13.1 3.7.I0 G 2.1 -- 
4 8 t l .6 1,6.10 ~ 3,5 -- 

H e r e  N is  the  n u m b e r  of p o r e s  p e r  unit  a r e a  and r is  t h e i r  r a d i u s .  F o r  the f i r s t  t h r e e  f i l t e r s ,  N and 
r w e r e  d e t e r m i n e d  by e l e c t r o n  m i c r o s c o p e  p h o t o g r a p h y  of c a r b o n  r e p l i c a s  ob ta ined  f r o m  the  s u r f a c e  o f  the 
f i l t e r s  (F ig .  l a ,  f i l t e r  1, 17,500X)~ The  m e a s u r e m e n t  of the  p o r e s  in f i l t e r  4 was  m a d e  u s i n g  an op t i ca l  
m i c r o s c o p e  (Fig~ l b ,  890X). The  t h i c k n e s s  l was  d e t e r m i n e d  by we igh ing .  
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To study the nature of air  flow through the pores,  we measured  the hydraulic res i s t ance  of the f i l ters  
with various p r e s su re s  p from 7 to 745 mm Hg. Figure 2 shows the resu l t s  of measurements  of f i l tered a i r  
penetrance (Q/Ap) through fi l ters 1 (I) and 2 (II) as a function of l /p ,  where Q is the air  flow rate  incm~/sec, 
Ap is expressed in cm dibutylphthalate column (density 0,95 g/cm3), and p is in ram Hg~ 

We see from these data that a l inear variat ion of Q/Ap as a function of 1/p is observed for f i l ters  1 
and 2 up to large values of 1/p. This resul t  is unexpected, since for 1/p = 0.12 for filter 1 the Knudsen 
pa ramete r  K = k / r  is 18, and the gas flow through the pores  can be considered free molecular  (mean free 
path of air  molecules  at p = 760 mm Hg and t = 20~ k =6 .45 .10  -6 cra). In this case the theoret ical ly  com-  
puted value of Q/&p should exceed the experimental ly  determined value by at least  a factor of 1.5 [3]. 

A s imilar  phenomenon is observed for filter 3 (curve II in Fig. 3) and in the initial segment  of curve 
I for fil ter 4. For  p < 100 ram Hg curve I deviates from a straight  line in the opposite direct ion from that 
expected from theoret ical  considerations.  

This resul t  is apparently explained by the fact that with reduction of the p re s su re  there is an increase  
of the role of the res is tance  of the frontal surface of the filter, and this is the fas ter  the l a rge r  r / l .  

As shown in [4], the res i s tance  of a single isolated hole of radius  r in an infinitely thin wall for 
Reynolds numbers R < 1 is 

Apl 3p~ Q (1) 
- -  r8  

where /~ is the v iscos i ty  of the air.  Thus the over-a l l  res i s tance  of a channel of length l a r ranged  perpen-  
dicular to the plane of the  wall, with account for the heat loss pr ior  to ent ry  into the channel (neglecting for 
R < 1 the entrance effect in the channel), can be written in the form 

(2) 

where Ap2 is the res is tance  of a cyl indrical  channel. 

We see f rom this formula that the hydrodynamic effect of the front wall can be neglected for r / /  <<i~ 

It should be noted that even in the case with stat is t ical ly uniform ar rangement  of the channel holes on 
the fi l ter  plane there  is a definite percent  (about 10% for the f i l ters  studied) of partial  overlapping of the 
channel holes,  which leads to a decrease  of the differential p r e s su re  Ap. 

This reduction is balanced by some increase  of the quantity Ap as a result  of the slight increase  of 
the channel length with deviation from perpendicular i ty  (to the fil ter plane). 

To refine this question we pe r fo rmed  model tests  by measur ing the p res su re  drop for the flew of a 
viscous fluid with R < 1 (VM-4 vacuum oil,/~20oc ~ 5 poise) through sys tems of c i r cu la r  paral lel  channels. 
The channels with r = 1 mm were made in b rass  disks of diameter  25 tara and thickness l equal to 2, 10, 
and 20 rnm. Seven channels were  used, which corresponded to porosi ty  e ~ 5% of the nucleporous fi l ters.  
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Paral le l  measurements  were made of the p re s su re  drop through one such channel of variable length; inthis 
case  e < 1%. The number R did not exceed 0.3, so that the entrance effect, associa ted with establishment of 
the parabolic veloci ty profile in the channel, was small.  

Figure  4 shows in the coordinates  (Ap/Q, l) the data from measurements  of the differential p r e s su re  
for  the single channel (1) and for the system of channels (2), converted to a single channel. The intercept 
on the ordinate axis corresponds  to the magnitude of the front wall r e s i s t ance  and for l = 2r amounts to one 
third the over -a l l  res i s tance ,  which cor responds  to formula (2). We note that the agreement  of curves  1 
and 2 in the figure indicates the absence of mutual hydrodynamic influence of neighboring channels. 

It follows f rom these model experiments  that in the nucleporous f i l ters  for commensura te  r and 1 we 
must  take into account the influence of the frontal surface~ This influence was also significant in measur ing  
the diffusional precipitat ion of highly d isperse  NaC1 aerosols  with par t ic le  radius r 0 < 0.02 #, obtained by 
spontaneous condensation of supersa tura ted  salt  vapors  [5]. The average part icle  diffusivity < D> was de-  
termined from the aerosol  flow through a slotted bat tery or a s tandard fibrous filter [6]. Here  are  p resen t -  
ed the resul ts  of measuremen t s  of the par t ic le  flow (n/n0) 1 through filter 4, which are  considerably below 
the values of (n/n0) 2 calculated theoret ical ly  for identical cylindrical  channels [7]: 

Q, cm3/sec <D:,,cm2/sec (n/n0)2, theor. (n/n0)1, exper. 
30 3.3.10 .8 0.t9 t,.lZ 
tt.5 5.1.10 -4 0.46 0.33 
t.4 4.6.t0 .5 0.53 0.39 
t .4 3.8.10 -~ 0.61 0.47 

This implies that par t  of the aerosol  precipi tates  on the frontal surface of the filter (S = 5,7 cm 2 is 
the filter area),  

In conclusion we note that since the channel radii  are  pract ica l ly  the same for each filter type, the 
quantity r*  for r /1  << 1 can be found from Figs.  2 and 3, using the Poiseuil le formula  with slip cor rec t ion  

Q ~r*~N / 4 f-~\ ~ _  ~opo (3) 
Ap-- ~u ~i@- . ] ,  P 

Here  ~0 is the gas slip coefficient for t = 23~ and p = 760 mm Hg~ Substituting into the express ion 
for the slope of this s traight  line, which expresses  the dependence of Q /Ap  on l /p ,  the value of N found 
f rom the intercept on the ordinate axis, we obtain 

4~opo F Q/Ap _,]-~ (4) 
" - -  p ~ . (O/~p)- - - - -~  J 

The values of r*  for f i l ters  1 and 2, calculated using (4), a re  presented above, where ~0 = 8.2" 10 -6 
e m  [81. 

The authors wish to thank I~ Rudysheva for prepar ing  the electron mic roscope  pictures,  and also I~ B. 
Stechkina and N. A. Fuks for joint discussion of the results~ 
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