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We examine the distribution of gas p res su re  in the case of convection diffusion in porous 
mater ia l s  in the presence  of centrifugal forces .  

Evaporation centrifuges [1] make use, for  example, of stepwise stages to intensify the effect of gas 
separation; s imi lar  stages are  employed in a vibrat ing centrifuge [2], and with the thermosiphon method [3]. 
The authors of this ar t ic le  propose the filling of a centrifuge with a porous materiaI ,  We will demonst ra te  
that the combined action of the centrifugal force and the forces  of diffusion can be used for the mutual in- 
tensif icat ion of their  effects on the g a s - p r e s s u r e  difference and, consequently, on the separat ive power. 

Let a gas rotate at a cer ta in  angular velocity co in a cylinder filled with a porous mass.  The gas 
will enter  at a cer tain p r e s su re  through the outside wall of the cylinder ina radial  direction, white the gas 
is removed in the direct ion of the axis. The p res su re  differences near  the outside wall and the axis of the 
cyl inder  are  such that the flow within the porous rotat ing diffuser can be regarded as laminar.  The dimen-  
sions of the pores of the diffuser are  g rea te r  than the mean free path of the gas molecules.  

The magnitude of the density of the gas -par t i c le  flow through some a rb i t r a ry  diffuser layer  can be 
found by application of the PoiseuiHe formula,  whose rel iabi l i ty for  porous mater ia ls  has been verified by 
Warburg [4]. Let us write this formula  in a fo rm convenient for  our purposes :  
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Fig. 1. Gas p res su re  p , ~ / m  2) 
as a function of the radius x 
(in m) of the diffuser layer:  
1) in the rotat ing cylinder,  
without a diffuser; 2) in a non- 
rotat ing porous diffuser; 3) in 
a rotat ing porous diffuser. 
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Having denoted the increase  in p res su re  as a consequence of cen-  
tr ifugal force and the convection flow by Apt and A P2, respect ively,  we 
find that 

] ) Ax. (2) Ap = Api + Ap~ = 9x(02 -t- ~-p 

The density of the flow through the cylindrical  surfaces  of the diffuser  is 
associated with the density of the incoming flow by the relationship 

R 
i = ]o - -  (31 
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Having substituted the value of j f rom (3) into (2) and having used the 
Mende leev-Ctapeyron  equation to determine the gas density, we derive 
the differential  equation 

p ~ = Kxp~ + B (4) 
X 

The solution of (4) is given by the express ion 
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F o r  s m a l l  K we ob ta in  

R 

x 

(5) 

P2= [2B ( lnx- gx22 ) -t- p~exp(-- KR2) --2B ( [InR- KR~ ) ] (6) 

In the a b s e n c e  of r o t a t i o n  we have K = O, w h i c h  gives  us 

p~ = po 2 -  2B In _RR. 
X 

(7) 

With the r o t a t i o n  of a hol low cy l inde r ,  i .e . ,  B = 0, we de r ive  the f a m i l i a r  f o r m u l a  

[ mo)2(R~--x2) 1 
P = p o e x p  2kT " " (8) 

F i g u r e  1 shows the c u r v e s  for  the r e l a t i o n s h i p s  e x p r e s s e d  by  (6), (7), and (8) for  a porous  m a t e r i a l  
with a pore  d i a m e t e r  of d = 10 -7 m, an e x t e r n a l  p r e s s u r e  of Po = 2 �9 105 N / m  2, an outs ide c y l i n d e r  r a d i u s  of 
I1 = 0.2 m, an in i t i a l  flow J0 = 5.5 �9 1022 1 / m  3, p rovided  that  the n u m b e r  of r e v o l u t i o n s  is n = 200 1 / s ec ,  and 
the p o r o s i t y  coef f ic ien t  is cr = 0.5. 

As we can see  f r o m  the f igu re ,  t h e r e  is  a mutua l  i n t e ns i f i c a t i on  of the ef fects  of a dec l ine  in p r e s s u r e  
as  a c o n s e q u e n c e  of two f o r c e s  (diffusion and cen t r i fuga l  force) .  This  l eads  to an  i n c r e a s e  in the s e p a r a t i v e  
power  of the i n s t a l l a t i o n .  
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NOTATION 

ts the mean pore diameter; 

ts the rlean free path of the gas molecules; 

ts the porosity factor; 

ts the magnitude of the gas-flow density; 

is the molar concentration; 

ts the time; 

ts the area of the diffuser surface through which the gas passes; 

ts the pressure; 

ts the pressure near the outside wall of the cylinder; 

ts the mass of the gas molecule; 

Ls the angular velocity; 

ts the Boltzmann constant; 

ts the absolute temperature; 

Ls the v i s c o s i t y ;  
ts the height  of the cy l inde r ;  
Ls the d i s t a n c e  f r o m  the axis  of the c y l i n d e r  to the l a y e r  through which d i f fus ion  
) roceeds;  

ts the Avogadro  numbe r ;  
ts a cons tan t ;  
ts the coef f ic ien t  of r e f l ec t ion ;  

ts a cons tan t ;  
is the coef f ic ien t  of f r i c t ion ;  
ts a cons tan t ;  
ts a cons tan t .  
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