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This paper gives the results of an experimental investigation of the 
degree of mixing of the gas passing through the separating space be- 
tween the plates of a rectifying column in relation to its velocity in 
the free section of the column, the column diameter, and the dis- 
tance between the plates. 

Owing to the inadequacy  of r e s e a r c h  on the d i f f e r en t  
e f fec t s  accompany ing  m a s s  t r a n s f e r  the d e s i g n e r s  of  
c h e m i c a l  a p p a r a t u s  have to make  a s s u m p t i o n s  which 
s i m p l i f y  the p i c tu r e  of the p r o c e s s  and,  hence ,  l e a d  
to e r r o r s  in the ca lcu la t ion .  
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Fig.  1. Change in vapor  concen t ra t ion  C(%) f ron t  
a long length  I ( rel .  uni ts)  of path of l iquid on p la te  
du r ing  p a s s a g e  of v a p o r  through bubbl ing l a y e r  

and s e p a r a t i n g  space .  

The s e p a r a t i o n  of l iquid m i x t u r e s  on the p la te  of a 
r ec t i fy ing  column l a r g e l y  depends  on the ac tua l  d i s -  
t r ibu t ions  of concen t r a t ions  of the phases  involved in 
the exchange  and these  d i s t r i b u t i o n s  depend on the hy-  
d r o d y n a m i c  condi t ions .  

Mixing of the l iquid phase  on the pla te  has  now been  
inves t iga ted  so well  that  i t  can be  given due c o n s i d e r a -  
t ion in column des ign  [1 -3 ] ,  but  t he re  have been  h a r d l y  
any inves t iga t ions  of the vapor  phase  in this  r e s p e c t .  
However ,  a t h e o r e t i c a l  e s t i m a t e  and the a v a i l a b l e  ex-  
p e r i m e n t a l  da t a  [5,6] con f i rm  the hypo thes i s  of a con-  
cen t r a t i on  g r a d i e n t  in the vapor  e n t e r i n g  the bubbl ing  
l a y e r  of  the p la te .  

In view of this  the a im of ou r  w o r k w a s  to inves t iga t e  
the mix ing  of the vapor  phase  in the space  be tween  the 
p l a t e s  and to ve r i fy  the g e n e r a l l y  accep t ed  a s s u m p t i o n  
of the un i fo rm compos i t ion  of the vapor  a r r i v i n g  at  the 
p l a t e .  

The e x p e r i m e n t s  we re  c a r r i e d  ou ton  a "cold"  model .  
A i r  was d r iven  by a b lower  into the bot tom sec t ion  of 

the co lumn.  The column cons i s t ed  of a c y l i n d e r  d i -  
v ided by  t h r e e  v e r t i c a l  pa r t i t i ons  into four  s ec t i ons  
f i l l ed  with 10 • 10 m m  Ra sc h ig  r i n g s  to even out  the 
a i r  flow o v e r  the c r o s s  sec t ion .  The amount  of  a i r  
e n t e r i n g  each  sec t ion  was m e a s u r e d  with Pi to t  tubes .  
Hel ium,  which ac ted  as  an i nd i ca to r  subs t ance ,  was 
d e l i v e r e d  into the f i r s t ,  second ,  and th i rd  s e c t i o n s .  
On i t s  path to the p la te  the he l ium was c ompl e t e ly  
mixed with the a i r  and on en t ry  to the l iquid l a y e r  i t s  
concen t r a t i on  o v e r  the whole c r o s s - s e c t i o n a l  a r e a  was 
cons tan t .  Th is  was ve r i f i ed  by  the a n a l y s i s  of gas  s a m -  
p les  taken a t  the en t r ance  to the p la te .  

The cons tancy  of the gas  concen t ra t ion  ove r  the 
width of the p la te  was a s s u m e d  on the b a s i s  of the ex-  
p e r i m e n t a l  da t a  of Volland [7] and D i l ' m a n  [8]. They 
showed that  the concen t ra t ion  g r a d i e n t  o v e r  the width 
of the p la te  in the l iquid phase  can be taken as  z e r o .  If 
we a s s u m e  that  the ve loc i ty  f ront  of the vapor  phase  is  
cons tan t  the vapor  l eav ing  the l iquid mus t  a l so  have 
the s a m e  concen t ra t ion  o v e r  the width of the p la te .  We 
a s s u m e d  that  the v a r i a t i o n  of the compos i t i on  of the 
a r r i v i n g  vapor  a long the p la te  was l i n e a r .  Hence,  on 
the graph  of C = f(Z) the l ine  d rawn  through the concen-  
t r a t i o n v a l u e s  on the ax i s  of each  sec t ion  i s  a s t r a i g h t  
l ine  inc l ined  to the ax i s  a t  some  angle  a ( F i g .  1). The 
l i n e a r i t y  of the r e l a t i o n s h i p  be tween  the he l ium concen-  
t r a t i on  on the axis  of the s e c t i o n s  and the p la te  length  
was e s t a b l i s h e d  a r t i f i c i a l l y  by s e l ec t i on  and ma in t e -  
nance  of the c o r r e s p o n d i n g  value  in each  sec t ion .  
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Fig.  2. Deg ree  of mix ing  E of vapor  a s  a function 
of a i r  ve loc i ty  w (m/sec )  in f r ee  sec t ion  of column 
for  D c = 218 m m  and d i f f e ren t  d i s t a n c e s  be tween  
the p la t e s :  l) H = 161; 2) 208; 3) 235; 4) 300 mm.  

The p e r f o r a t e d  p la te  used in the e x p e r i m e n t s  had a 
f r ee  sec t iona l  a r e a  equal  to 7.35% of the a r e a  of the 
p l a t e ,  an o v e r f l o w  a r e a  of 8.5%, hole d i a m e t e r  2.2 m m ,  

and the th i ckness  of the bo t tom was 1.5 ram. However ,  
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Fig.  3. Deg ree  of mix ing  E of vapor  as  a function of d i s t a n c e  be tween  p l a t e s  
H (mm) fo r  D c = 330 mm and d i f fe ren t  a i r  v e l o c i t i e s  in the  f r ee  sec t ion  of 

the column:  1) to = 0.3; 2) 0.5; 3) 0.7; 4) 0.9; 5) 1.1 m / s e c .  
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Fig.  4. C o r r e l a t i o n  g raph  of E e a l c  a g a i n s t  Eex p.  
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in the investigation of the mix ing  of the vapor in 
the separa t ing  space the plate did not opera te  con- 
tinuously, s ince the velocity of ascent  of the vapor  was 
much g rea t e r  than the liquid flow veloci ty and, hence, 
the l a t t e r  could not have an appreciable  effect on the 
mixing of the vapor in the space between the p la tes .  

We used water  as the liquid phase. The height of the 
l aye r  of c l ea r  liquid in all  the exper iments  was 30 ram. 

The percentage content of helium in the samples  
was determined f rom the thermal  conductivity of the 
mixture in a gas analyzer  operat ing on the pr incip le  
descr ibed  in [9]. The gas samples  were taken at  48 
points immedia te ly  above the surface of the liquid and 
under the overlying plate.  The analys is  of the samples  
showed that in passing through the liquid l aye r  the gas 
was mixed and the line of the concentrat ion front was 
rotated in the di rect ion of equalization and on e m e r -  
gence f rom the bubbling l aye r  was inclined at  an angle 
fl to the x axis  (Fig. 1). At the entrance to the over ly-  
ing plate the concentration gradient  in the vapor  was 
reduced even more and the inclination to the horizontal  
here  was at  an angle "/< ft. 

In the t rea tment  of the exper imental  data the index 
of the degree  of mixing E of the gas phase in the sep-  
a ra t ing  space was taken as the ra t io  of the tangent of 
the angle of inclination of the concentrat ion front under 
the overlying plate (tg 7) to the tangent of the angle of 
inclination of the concentration line on emergence  f rom 
the bubbling l aye r  (tg fl ): 

E = tg u ~. (1) 

The range of var ia t ion of E l ies  between 0 and 1. If the 
vapor in i ts passage ac ross  the dis tance between the 
plates  is ideally displaced,  then under the  top plate 
tg y = tg/3 and E = 1. If mixing is ideal,  then at  the 
entrance to the overlying plate tg ~/= 0 and E = 0. In 
al l  other cases  par t ia l  mixing of the vapor  occurs  and 
0 < E < I .  

In the course of the investigation we studied the 
degree  of mixing in re la t ion to the gas veloci ty  in the 

f ree  section of the column, the dis tance between the 
plates ,  and the d i ame te r  of the column. The a i r  veloci ty  
was var ied from 0 .3 to  1.1 m / s e c .  

The exper iments  were conducted in columns of the 
following dimensions:  1) d iamete r  D c = 175 mm, d i s -  
tance between plates  H = 170, 190, 240, and 345 mm; 
2) d i ame te r  D c = 218 ram, dis tance between plates  
160, 210, 235, and 300 mm; and 3) d i ame te r  D c = 330 
mm, dis tancebetween plates 180, 240, 280, and415 ram. 

Graphic t rea tment  of the exper imenta l  data showed 
that the mixing ra te  decreased  l inear ly  with Increase  
in a i r  velocity,  with reduction in the dis tance between 
the plates ,  and with inc rease  in the column d i ame te r  
(Figs .  2, 3). A mathemat ical  re la t ionship  connecting 
the degree  of mixing E with w, H, and D c was sought 
in the form 

E = f(w, H/Dc). 

The reason for the choice of the functional re la t ion-  
ship in this form, ra the r  than 

E = [ (w, If, Dc) 

was as follows. Since the re la t ionship  E =f(Dc) was 
investigated for  only three  different  column d iame te r s ,  
we decided to improve the accuracy of the proposed 
formula  by represent ing  the degree  of mixing E of the 
gas as a function of the ra t io  of the distance between the 
p l a t e s  and the column d iameter .  

The empi r i ca l  formula obtained from the t rea tment  
of the exper imental  data had the form 

E = 1 . I 4 - -  (0.47--0.115w) (H/Dc). (2) 

The sa t i s fac tory  nature of the resu l t s  obtained f rom 
this f o r m u l a  can be est imated from the cor re la t ion  
graph of Ecalc  against  Eex p, where  the exper imenta l  
values of the degree  of mixing a re  compared with the 
values o~ Ecalc obtained f rom express ion  (2) for  the 
same values of co, H, and D e (Fig. 4). It should be 
noted that the points where the deviations were g rea tes t  
were  obtained in the vast  major i ty  of cases  at an a i r  
veloci ty of 0.3 m / s e c ,  i . e . ,  at  low Reynolds numbers .  
Hence, the spread can be at tr ibuted to the p resence  of 
a veloci ty gradient  over  the f ree  c ross  sect ion of the 
column. 

F rom the obtained re la t ionship  for  the degree  of 
mixing of the gas in i ts ascent  in the space between the 
plates we can make a more  accura te  calculation of the 
number of plates  in rect i fying columns by the method 
based on a pseudo-sect ional  model of mixing of the 
liquid. 

NOTA TION 

C is the helium content of a i r  mixture,  m3/m3; l is  
the length of path of liquid on plate in re la t ive  units; 
E is the degree  of mixing of gas on passage  between 
plates;  D c is the column d iameter ,  m; H is the dis tance 
between plates;  co is the gas velocity in free section of 
column, m / s e c .  
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