
a sphere ;  x, dis tance along the drum axis;  r ,  distance f rom part icle  to drum axis;  go, angle between ver t ica l  
axis and current  r ad ius -vec to r  ~; ~-0, unit r ad ius -vec to r  in the ~ direct ion;  ~0, t r a n s v e r s e  direct ion;  Dd, 
d rum diameter ;  Vx, project ion of part icle  velocity in x direction;  Vr, radia l  velocity component; vgo, angular 
velocity of part icle;  t,  t ime;  ~,  angular velocity of d rum.  

L I T E R A T U R E  C I T E D  

1. J . O .  Hinze, Turbulence:  An Introduction to Its Mechanism and Theory,  McGraw-Hill  (1959). 
2. L . G .  Loitsyanskii ,  Mechanics of Liquids and Gases [in Russian],  Nauka, Moscow (1970). 
3. N . N .  Bukhgol ' ts ,  A Basic  Textbook of Theore t ica l  Mechanics [in Russian],  1)art 1, Nauka, Moscow 

(1969). 
4. Io S. Berez in  and N. 1 ). Zhidkov, Computational Methods [in Russian],  Vol. 2, Fizmatgtz,  Moscow 

(1960). 
5. V . A .  Maslikov, Equipment for Producing Plant Oils [in Russian],  Ptshchevaya Promyshlennos t ' ,  

Moscow (1974). 

1 ) R E S S U R E  D I S T R I B U T I O N  IN GAS F L O W  I N  T H E  

1 ) R E S E N C E  O F  A F I B R O U S  F I L T E R  IN  T H E  C H A N N E L  

B .  I .  O g o r o d n i k o v ,  V.  I .  S k i t o v i c h ,  
a n d  V .  I .  K h a b a r o v  

UDC 536.24:532.526 

The charac te r i s t i cs  of gas flow through a fibrous fi l ter  in the presence  of supercr i t i ea l  p r e s su re  
drops a re  investigated. 

Modern aeroso l  fi l ters present  porous sys tems  of very  long cyl indrical  fibers a r ranged in parallel  
planes randomly [1]. Thei r  hydrodynamics ,  in par t icular  of F1) fi l ters [2], has been well studied for r e l a -  
t ively smal l  velocities of the gas flows and smal l  p re s su re  drops at the f i l ter  [3-6]. For  superc r i t i ca l  p r e s -  
sure  drops when the ra t io  of s tat ic  p r e s su re  behind the fil ter 1) 2 to the total p r e s su re  in front of the fil ter 1) l 
becomes sma l l e r  than 0.528 and the l inear ra tes  of f i l t rat ion r each  tens of meters  per  second, the gas flow in 
fibrous fi l ters has net been investigated.  

Isentropic gas flow in cyl indrical  channel [7] is known, which is a limiting case  of gas flow through a 
filter whose res i s t ance  is equal to zero.  The resul ts  of a computation of p re s su re  distributions f rom the equa- 
t ion 1) 1 = f(1) 2, G) for different re la t ive  flow rates  a re  given in Fig.  1 for the condition that the d iameter  of the 
channel is much la rger  than the mean free path of the gas molecules .  Two charac te r i s t i c  zones can be sepa-  
rated out. In zone A, lying between s t ra ight  lines I and II corresponding to equations 1) 2 = 0.528Pt and 1)2 = 1)1, 
a dec rea se  of 1) 2 for G -- eonst resul ts  in a dec rease  of 1)1. In zone B, lying between the s t ra ight  line I and the 
ordinate, a change of 1) 2 for constant G does not effect 1) 1. 

We introduce a quantity X that is equal to the ra t io  of 1)1 at any point on the curve 1)1 = f(1)2, G = const) to 
the cr i t ical  p r e s su re  1) 1 . at the in tersect ion of this curve with line 1. Then zone A would be charac ter ized  by 
the values X > 1 while in zone B, • = 1. 

Gas flow in multipath channels, i . e . ,  labyrinths which a re  used, for example, in tube-machine  cons t ruc-  
t ion [8], is a lso known. If the number of stages in the labyrinth is large,  then in spite of the superer i t iea l  
p re s su re  drop between the input and the output of the labyrinth, the cr i t ica l  p r e s s u r e  drop at the last s tage may 
not be reached.  As seen f rom Fig. 1, the flow in the labyrinth differs substantial ly f rom the flow in a cylin-  
d r ica l  channel discussed above; in zone B, • is smal le r  than one. Thus, in spite of the superc r i t i ca l  p r e s su re  
drop i n t h e  labyrinth as a whole, the dec rease  for 1)2 for G = const leads to a dec rease  of 1) t everywhere .  

Trans la ted  f rom lnzhenerno-Fiz icheski i  Zhurnal, Vol. 31, No. 2, pp. 270-273, August, 1976. Original 
a r t ic le  submitted June 26, 1975. 
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F i g .  2 
F i g .  1. P r e s s u r e  d i s t r i b u t i o n  in a channe l  (Pl ,  a b s .  arm) and at  t he  
end (P2, a b s .  a rm)  of a c y l i n d r i c a l  channe l  (continuous c u r v e s )  and 
l a b y r i n t h  (dashes)  fo r  i s e n t r o p i c  flow of a i r .  The  n u m b e r s  on the  
c u r v e s  a r e  r e l a t i v e  flow r a t e s  of a i r  G. 

F ig .  2. P r e s s u r e  d i s t r i b u t i o n  in f ron t  of (Pl,  a b s .  a tm)  and behind  
(P2, a b s .  arm) a f i b rous  f i l t e r  F P P - 7 0  d u r i n g  flow of d i f f e r e n t  amoun t  
of a i r  t h r o u g h  i t .  N u m b e r s  on the  c u r v e s  a r e  the  s p e c i f i c  flow r a t e  of 
a i r  Q, m e t r i c  t o n s / m 2 h .  

We s h a l l  c o m p a r e  t h e  flow in a c y l i n d r i c a l  channe l  and the  l a b y r i n t h  wi th  t he  flow in a r e a l  f i b rous  f i l t e r .  

T h e  f i l t e r  F P P - 7 0 ,  c h o s e n  fo r  t he  e x p e r i m e n t s ,  was p r e p a r e d  f r o m  p e r c h l o r v i n y l  f i b e r s  wi th  m e a n  hy -  
d r o d y n a m i c  r a d i u s  equal  t o  1 . 7 6 . 1 0  -4 Cmo The  t h i c k n e s s  of t he  f i l t e r  was 0.032 c m  and t h e  pack ing  d e n s i t y ,  
i .  eo, t h e  f r a c t i o n  of t he  v o l u m e  of t h e  f i l t e r  occup ied  by  t h e f i b e r s ,  was 0.057. F o r  n o r m a l  cond i t ions  and the  
v e l o c i t y  of the  a i r  flow equal  to  1 c m / s e c ,  t he  f i l t e r  bad a r e s i s t a n c e  of 0 . 4 2 - r a i n w a t e r  c o l u m n .  

T h e  i n v e s t i g a t e d  s a m p l e  was i n s t a l l e d  in  a c y l i n d r i c a l  channe l  of 8 . 5 - c m d i a m e t e r  p e r p e n d i c u l a r  to  the  
d i r e c t i o n  of t he  a i r  flow in a s p e c i a l  f i l t e r  h o l d e r  e n s u r i n g  cont inous  a i r  flow to  t he  f i l t e r  wi th  d i a m e t e r  1.5 
cm~ In o r d e r  to  p r e v e n t  s a g  and b r e a k  of t he  f i l t e r ,  i t  was s u p p o r t e d  on a g r i d  m a d e  of w i r e  of 0 . 0 2 5 - c m d i a m -  
e t e r  and wi th  the  t r a n s i t  c r o s s  s e c t i o n  of t he  a p e r t u r e s  equal  to  0.0027 c m  2. T h e  r e s i s t a n c e  of t he  g r i d  was 
much  s m a l l e r  t han  tha t  of t he  f i l t e r  fo r  a l l  r e g i m e s  and,  t h e r e f o r e ,  i t  was d i s r e g a r d e d .  T h e  flow r a t e  of a i r  
c l e aned  by  a s p e c i a l  f i l t e r  was d e t e r m i n e d  by  m e a s u r i n g  w a s h e r s .  T h e  r e t a r d a t i o n  t e m p e r a t u r e  m e a s u r e d  by  
t h e r m o c o u p l e s  was in the  r a n g e  298 a: 10OK in a l l  e x p e r i m e n t s .  T h e  s t a t i c  and t o t a l  p r e s s u r e s  r e q u i r e d  for  
compu t ing  the  flow r a t e  of a i r  and the  p r e s s u r e  d r o p  at  t h e  f i l t e r  w e r e  m e a s u r e d  by  g r o u p  r e c o r d i n g  m a n o m -  
e t e r s .  

T h e  e x p e r i m e n t a l  r e s u l t s  ob ta ined  fo r  s p e c i f i c  flow r a t e s  of a i r  Q lying in t he  r a n g e  1 ,104 to  2.5 -105 
kg - m  -2 .h  -1 and for  p r e s s u r e s  behind  the  f i l t e r  in t he  r a n g e  1.02 to  0.027 a b s .  a rm a r e  shown in F i g .  2. 

F o r  s m a l l  va lue s  of Q and r e l a t i v e l y  s m a l l  r a r e f a c t i o n  behind the  f i l t e r ,  t he  p r e s s u r e  d i s t r i b u t i o n  c u r v e s  
a r e  s i m i l a r  to  t h o s e  for  l a b y r i n t h  c o n d e n s a t i o n  (see  F i g .  1). F o r  P2 < 0o7 a b s .  a t m ,  a n o t i c e a b l e  s l i p p a g e  of the 
gas  f low beg ins  at  f i b e r s  of t he  g i v e n  f i l t e r ,  s i n c e  t h e  m e a n  f r e e  pa th  of t h e  gas  m o l e c u l e  b e c o m e s  c o m p a r a b l e  
wi th  t h e  r a d i u s  of t he  f i b e r s .  Th i s  l eads  to  a d e c r e a s e  of the  f i l t e r  r e s i s t a n c e .  The  a i r  o s t e n s i b l y  p a s s e s  
t h r o u g h  it m o r e  e a s i l y  than  t h r o u g h  an equ iva l e n t  l a b y r i n t h .  
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On increasing the specific flow rates  of a i r  and for p re s su re  drops larger  than 0.2-0.3 abs.  atm, the 
turbulizat ion of the flow at the fibers begins to affect the nature of the p res su re  distribution and a noticeable 
undercompress ion  of the fil ter occurs .  This leads to the resul t  that in zone B the values of X, computed, for 
example, for the point of intersect ion of a curve for Q = 7 -104 kg .m  -2 .h -I with lines P2/P1 = const will be 
sma l l e r  than for points of intersect ion of the same  lines with curves for smal le r  specific flow ra tes .  For  
P2 < 0~ abs.  atm, at the te rmina l  segment of the curve for Q = 7.104 kg "m -2 ~ -1 a smal l  rec t i l inear  seg-  
ment is a lso observed which corresponds  to • = coast ,  i~ as if in the filter a flow appears s imi lar  to that 
occurr ing in a cyl indrical  channel at superc r i t i ca l  p re s su re  drops .  

For  the flow of air  with st i l l  l a rger  specific flow ra tes ,  i .e . ,  for example, Q = 1 . 1 0  s and 1~ �9 l0 s kg �9 
m -2 ~ the compress ion  of the fil ter at p r e s su re  drops higher than 0.7 abs~ aim leads to the resul t  that 
the value of • for P2 < 0.15 abs~ aim increases  as the p res su re  behind the fil ter dec reases .  

For  the maximum values of the investigated specific flow rates  of about 2-2.5.105 kg .m -2 .h -1 when 
He > 10 the p res su re  drops were around 1 abs.  a tm even for smal l  rarefact ions  behind the f i l ter .  Such loading 
resul ted in an appreciable  compress ion  of the filter which ostensibly acquired a rigid s t ructure .  The air  flow 
through the fi l ter  in the entire range of investigated p ressures  again becomes s imi la r  to the flow in a laby- 
rinth.  

It follows f rom these  experiments that although the fil ter represents  a very  loose porous s t ruc ture ,  
unlike a cyl indrical  channel, the cr i t ical  flow in the fil ter does not appear even for supercr i t iea l  p re s su re  
drops .  In these experiments the minimum attained rat io  P2/PI = 0.04. In cer ta in  reg imes  a flow s imi la r  to 
the cr i t ica l  flow was observed in the fil ter when for Q = const the dec rease  of P2 had pract ical ly  no effect on 
PI- However, this was related to a compacting of the fil ter at large p re s su re  drops .  

The p re s su re  distr ibution in the filter to a large extent coincides with the p ressu re  distr ibution in the 
labyrinth. However, unlike the labyrinth, the fil ter can be compressed ,  which leads to a change in its s t r uc -  
tu re  and an increase  in its r e s i s t ance .  Under these conditions during the air  flow through the fil ter a qualita- 
t ively new phenomenon is observed,  which is unknown for labyrinth or rigid porous s t ruc tu res :  with the de-  
c rease  of p re s su re  behind the fi l ter,  the p res su re  in front of the filter must  be increased in order  to ensure 
constant specific flow ra te .  

The nature of p r e s su re  distr ibution in the filter for high velocities of gas flow and supercr i t ica l  p ressu re  
drops is determined by a combination of a number of factors  : turbulizat ion of the flow at the fibers for Re > 
0.5, development of s l i p a t  large rarefac t ions ,  and change of thickness and s t ruc ture  of the fil ter for large 
p re s su re  drops .  

All these  factors  must be taken into considerat ion in selecting and construct ing f i l te rs .  The filter in 
which the value of X is the least has the best  hydrodynamical  qualities for superer i t i ca l  p r e s s u r e  drops .  

N O T A T I O N  

P1, total  p r e s su re  at the entrance to the cylindrical  channel, labyrinth, or fibrous fi l ter;  P2, static 
p r e s su re  at the end of the cyl indrical  channel, labyrinth, or fibrous f i l ter ;  PI* ,  total  p r e s su re  at the begin- 
ning of the cyl indrical  channel, labyrinth, or fibrous filter at the point of intersect ion of the curve or p ressu re  
distr ibution with line P2/P1 = 0.528; Q, specific flow ra te  of gas;  G, re lat ive flow ra te  of gas;  • = P1/P1.  for 
Q = eonst; Re, Reynolds number for mean hydrodynamic diameter  of the wires .  
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