
The constants t l  and X2 a re  expres sed  in t e r m s  of fac tors  of quadrat ic  form # and F 

bi abl - -  c~ 

Here  k2/k~ >1. 

N O T A T I O N  

Q(e), externa l  heat flux; Q', uncompensated heat; U, in terval  energy;  S, entropy;  T, t empera tu re ;  dA (i), 
e l emen ta ry  work of the in ternal  surface  forces ;  ~a,  internal  degrees  of f reedom; Ba ,  thermodynamic  param-  
e t e r s  conjugate to ~Ta; 4~, dissipat ive function; (rij , s t r e s s  tensor  in the liquid; vi, l iquid-part ic le  velocity;  V0, 
volume of the porous medium; V, liquid volumes;  So, surface  of volume V0; Se, "liquid part" of So; Si, liquid 
contact  surface  with the porous mat r ix  inside V0; P, mean (over Se) liquid p r e s su re ;  qi, filtraticm velocity;  s, 
L ap l a c e - t r a n s f o r m  p a r a m e t e r s ;  t, t ime.  
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COMPONENT-TRANSFER EQUATION IN COLUMN 

WITH LONGITUDINAL SEPARATION 

E. P. Potanin UDC533.735 

By the method of "integration over the transverse coordinate, a transfer equation in a separat- 
ing column in obtained, taking the longitudinal enrichment mechanism into account. 

The most widespread type of equipment for isotope separation in gas or liqud phases is a colu~,zm inwhich 
the transverse enrichment effect is converted into a longitudinal effect as a result of circulational flow of the 
mixture [I]. The derivation of the transfer equation describing the axial distribution of the mean (over the col- 
umn cross section) concentration of liberated isotope is based on the equilibrium conditions for the component 
fluxes and the total flux of mixture. To calculate the separation characteristics of equipment of the usual type 
(thermodiffusional [2, 3] or mass-diffusional [4] columns), it is sufficient to use the transfer equation taking 
only the radial separation process into account. This kind of relation is obtained, e.g., in [I] by the approximate 
method of intergration over the transverse coordinate [5], At the same time, in some equipment (in particular, 
in a separating system with a traveling magnetic wave [6-8]), in addition to the transverse enrichment effect, 
intensified by forced countereurrent motion of the mixture, there is also a primary longitudinal separation pro- 
cess. There then arises a situation in which circulation has a double effect on the distribution since, on the one 
hand, it facilitates the multiplication of the transverse effect over the length of the column and, on the other, it 
causes agitatlon and, correspondingly, a reduction in the primary longitudinal effect. Below, on the basis of the 
method of calculations outlined in [I], a transfer equation in a column when both transverse and longitudinal en- 
richment mechanisms are present is obtained. 

Trans la ted  f rom Inzhenerno-Fiz iehesk i i  Zhurnal,  Vol. 39, No. 1, pp. 81-85, July, 1980. Original a r t ic le  
submitted June 29, 1979. 
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With a view of simplifying the analysis ,  attention will be confined to separat ion p rocesses  in binary iso- 
topic mixtures .  Assuming  that the radial  component of the hydrodynamic mixture velocity may be neglected, 
the continuity equation for the heavy component in a cyl indr ical  coordinate sys t em is wri t ten in the form 

where 

Oh + 2___!o rb = o, (1) 
Oz r Or 

03C 
lz = pv,c - -  pD T + e, pDc (1  - -  c ) ;  

Oc + 
Jr = - -  pD T e,pDc (1 - -  c); 

(2) 

(3) 

e r and e z a re  "local"  enr ichment  fac tors  in the t r a n s v e r s e  and longitudinal direct ions .  Substituting Eqs.  (2) 
and (3) into Eq. (1), and using the continuity equation for the mixture as a whole, it is found that 

Oc (9 a 
pv= ~ + ~ e~pDc (1 - -  c) - -  - ~ z  pD - -  Oc 1 0 ~rpD[ O_.~c erc( l__c)] l=O.  (4) 

/ L J/ Oz r Or Or 

Taking account  of the sl ight change in concentra t ion c over the radius of the sys tem in Eq. (4) gives 

Or dz 
0 

i r ] + _ / _ d  [e~(l--~ pDrdr]_[  1 l'rpDdr d~c 
dz L -pOT . ,  ] L pDr J dz z 

0 0 

(5) 

The mate r ia l -ba lance  equations for the concentra ted isotope and the mixture as a whole for the chamber  
c r o s s  sect ion take the form 

e (6)  

2 ~ y [ p v z c r - - p D r  Oc ] Or + e.pDrc ( 1 - -  c) dr = ~c~, 
0 

R (7) 
2~ S p~/dr = ~. 

0 

Integrat ing Eq. (6), and using Eqs.  (5) and (7), it is found that 

where 

a~ (s) 
d IK~:c ( I - -c) l  - -  K,, ~ + w - -  "~c~, (K, + K~.) ~ = (K3 + s:K2)c (I --c) - -  dz 

R R R 

K~ = 2.~ i~, dr, K2 TM 2~ pDrdr, K3 = 2~ 
pDr 

0 0 0 

S K~ = 2~ ~ pDrdr dr, �9 = - -  pvzrdr. 

0 0 3 

When e z = 0, which is the ease in the absence of the longitudinal separat ion process ,  Eq. (8) coincides with the 
usual  m a s s - t r a n s f e r  equation [1]. 
(r = 0), when the conditions 

Some solutions of Eq. (8) will be obtained. For  conditions without withdrawal 

are  satisfied, Eq. (8) takes its s imples t  form 

(/<~ -4-/(2) 

D _~_ (9) 
R~ >> , 

~L << 1 (10) 

d-c _-- (Ka -}- e/K~)c(l --c). (ii) 
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I n t e g r a t i n g  Eq.  (11) f r o m  z = 0 to z = L,  and  t ak ing  into a c c oun t  tha t  the  l ong i tud ina l  s e p a r a t i o n  e f f e c t  is  s l igh t ,  
i . e . ,  (K 3 + ezK2)L / (Kl  + K2)<< 1, t hen  e n r i c h m e n t  f a c t o r  i s  found in the  f o r m  

gL ~--- 
c )L R (12) 

1 - - c  c 1 ~ t' K3 + e~K2 dz. 

A s s u m i n g  tha t  Kt,  K2, and  K 3 a r e  c o n s t a n t  o v e r  the  c o o r d i n a t e  z, and  u s ing ,  in p a r t i c u l a r ,  a r e l a t i o n  for  e z tha t  
i s  s a t i s f i e d  in the  c a s e  of b a r o d i f f u s i o n a l  s e p a r a t i o n  p r o c e s s e s  in a non ion i z e d  gas  [9] 

e z = r dp , (13) 
dz 

i t  i s  found tha t  

gL 
K3 + K#p In PL 

P0 
Ki + K~ 

(14) 

A s  a s p e c i f i c  e x a m p l e ,  c o n s i d e r  a s e p a r a t i n g  s y s t e m  wi th  a t r a v e l i n g  m a g n e t i c  wave  [6]. Note tha t  such 
a s y s t e m  c o n s i s t s  of a s i n g u l a r  v a r i e t y  of  s e p a r a t i n g  c o l u m n s  a r r a n g e d  h o r i z o n t a l l y  [7], in which  the  r a d i a l  
t h e r m o d i f f u s i o n a l  e f f e c t  in the  n e u t r a l  p l a s m a  c o m p o n e n t  [10] due to the t r a n s v e r s e  t e m p e r a t u r e  g r a d i e n t  is  
m u l t i p l i e d  not  a s  a r e s u l t  of t h e r m o c o n v e c t i o n  in  the  g r a v i t a t i o n a l  f i e ld ,  a s  in an  o r d i n a r y  t h e r m o d i f f u s i o n  c o l -  
umn ,  but  a s  a r e s u l t  of f o r c e d  " e l e c t r o m a g n e t i c "  p l a s m a  c o n v e c t i o n  [6]. Us ing  the  r e l a t i o n  of  [11] wi th  V = c o n s t  
for  the  c i r c u l a t i o n - f l o w  i n t e n s i t y ,  i t  i s  found tha t  

atW In 7"2 + ap In P--LL 
L 315n~lVphD Ti Po 

e ~ - ( 1 5 )  
WZR ~ 

1 + 120.242n2D2~.Vp2hL 2 

Note that the above-mentioned agitating action of the circulation is described by the second term in the denomi- 
nator of Eq. (15), and has an identical effect on both the longitudinal and transverse separation effects. 

In calculating eL, it is necessary to take account of the following circumstance. If the longitudinal pres- 
sure gradient is related to the action of inertial or other "mass" forces, the relation ~p~-A#/~ [9] may beused 
for constant barodiffusion, where Ap is the molecular weight difference of the isotope being separated; ~- is 
the mean molecular weight of the mixture. However, in the case when the total pressure gradient of the plasma 
is due to forces of other origin (e.g., electromagnetic forces, as in the present case), a certain caution is 
needed in considering the possibility of direct application of Eq. (13). There may arise a situation here such 
that the separating process occurring in the neutral plasma component is due to diffusional-friction forces act- 
ing from the ions "seeping" in the longitudinal direction as a result of ambipolar diffusion [8]. In particular, if 
the pressure gradient of a binary isotopic mixture is due to frictional forces from ions of a third readily ionized 
component present in small quantities in the discharge (the situation considered in [12] for a system with crossed 
fields), the local enrichment factor is given by the reJation 

Ap M ( QnN ) 1 dp* (16) 
2p (M + ~) Qni p* dz 

w h e r e  p* i s  the n e u t r a l  ga s  p r e s s u r e .  As  a r e s u l t ,  Eq .  (15) i s  found to be va l id  only  wi th  the  s t i p u l a t i o n  tha t  p 
be u n d e r s t o o d  to m e a n  the p r e s s u r e  of n e u t r a l s  p*, and  not  the  t o t a l  p l a s m a  p r e s s u r e .  Then  

A~t M ( 1 Q n N  ) 

If  one of the  c o m p o n e n t s  i s  p r e s e n t  in the  s e p a r a t i o n  m i x t u r e  .in a s m a l l  quan t i t y  (c << 1), i t  i s  s i m p l e  to ob ta in  
a so lu t i on  of Eq .  (8) in the  g e n e r a l  c a s e  of  cond i t i ons  wi th  w i t h d r a w a l  (7 s 0 )  a s  we l l .  A s s u m i n g  tha t  the  feed,  
wi th  i n i t i a l  c o n c e n t r a t i o n  co, i s  s u p p l i e d  in the  mid  c r o s s  s e c t i o n  of the  c h a m b e r  (z = L / 2 ) ,  and the e n r i c h e d  
duc t  i s  d r a w n  off a t  the  end (z = L),  the  e n r i c h m e n t  f a c t o r  s+ [1t] i s  found f r o m  Eq.  (8), t ak ing  E q s .  (9) and (10) 
into a c c o u n t  for  e z = c o n s t a n t ,  in the  f o r m  
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- exp[ (Ks+e~Ks)L ( l + k ) ] - -  1 
c+ - -  co ~, 2 (K, + Ks) (17) 

8+ " ~  

c0 l+Xexp[(K~+ezKs)L2(K,+Ks) ( I + X ) }  

The separa t ion  capaci ty of the column may be de termined  using Eq. (17). 

Note, in conclusion,  that  the region of applicabil i ty of the resu l t s  obtained is bounded by the  conditions in 
Eqs .  (9) and (10). If it is taken into account  that  the axial  veloci ty v z-~ v* ~ D/R in the pract ica l ly  most  impor-  
tant  conditions, when the c i rcula t ion  is optimal for  the separa t ion  factor ,  Eq. (9) is valid for L >> R. 

NOTATION 

Jr, Jz, densi ty  of rad ia l  and axial diffusional flows of the heavy component;  c, heavy-component  concen- 
t ra t ion;  5-, mean (over the c ro s s  section) concentra t ion;  Co, concentra t ion is feed c ros s  section,  z = L/2 ;  z, 

* velocity corresponding to longitudinal coordinate ;  Vz, axial  component of hydrodynamic mixture  veloci ty;  v z, 
condition of maximum enr ichment  fac tor ;  ,IJ, cu r r en t  function; p, mixture  densi ty;  p, p r e s su re ,  ap,  a t ,  baro-  
diffusional and thermodiffus ional  constants ;  T2, T1, t empera tu re  of hot axial  and cold near -wal l  chamber  r e -  
gions; W, e lec t r i c  power absorbed  by gas -d i scharge  plasma;  Vph, phase velocity of t ravel ing  magnetic wave; 
7}, dynamic viscosi ty ;  k= T/(K 3 + ezK2), re la t ive  drawoff;  L, R, column length and radius;  M, ionic mass  of 
read i ly  ionized component;  Qni, QnN, effect ive c ros s  section for col l is ions of atoms of separat ion mixture  with 
ions and added neut ra l s ,  r e spec t ive ly ;  D, mutual diffusion factor  of mixture  isotopes.  
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