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A statistical analysis has been made of the distribution functiom for 
residence time of a liquid in different flow formulations. The region 
of application of the different models of longitudinal dispersion is 
discussed. 

In the flow of a l iquid longi tudinal  d i s p e r s i o n  (mix-  
ing) of the p a r t i c l e s  in the d i r ec t ion  of t he i r  mot ion  
occurs .  If we suddenly in ject  a batch of labeled p a r -  
t i c l e s  at t ime  t = 0 at the inle t  of a channel  of length 
l ,  they will  e m e r g e  f rom the channel  at d i f ferent  
t imes .  The i r  concen t ra t ion  at the outlet  is de t e rmined  
by the hydrodynamics  of the flow. 
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�9 Dependence of the probabi l i ty  
densi ty  of the d i s t r ibu t ion  
mode C M on the value of the 
mode H M for a f inite channel:  
a) according  to the diffusion 
model;  b) accord ing  to the 
cel l  model ;  c) the e x p e r i m e n -  

tal  points .  

Numerous  ma thema t i ca l  models  [1-7] have been 
put forward to desc r ibe  the mixing.  

A thorough ver i f i ca t ion  and e lucidat ion of a model  
should help to revea l  the t rue  mechan i sm  of longi tu-  
dinal  d i spe rs ion ,  and to desc r ibe  the concen t ra t ion  
d i s t r ibu t ion  on that bas i s .  

Such a ver i f i ca t ion  has been accompl ished in this  
work on the bas i s  of the s t a t i s t i ca l  c h a r a c t e r i s t i c s  of 
the d i s t r ibu t ion  curve  of t ime of r e s idence  of the l iq-  
uid pa r t i c l es .  

We have de te rmined  the probabi l i ty  densi ty  of a 
oo 

mode CM, the ini t ia l  momen t s  v m ~- ( CH"dH, and 

the d i spe r s ion  it:---- t C(H--.,)'-dH. 
;i 

If the model accura te ly  de sc r i be s  the mixing p ro -  
cess ,  then the va lues  of its p a r a m e t e r  (B for the dif- 
fusion model,  or  n for  the cel l  model),  as found f rom 
the va lues  of the va r ious  s t a t i s t i ca l  c h a r a c t e r i s t i c s ,  
mus t  coincide,  or  give a group of n u m b e r s  close to 
one another .  

The t heo re t i ca l  dependences  of the s t a t i s t i ca l  c h a r -  
a c t e r i s t i c s  of d i s t r ibu t ion  funct ions  on the va lues  of 
the Bodenshte in  p a r a m e t e r  B and on the n u m b e r  of 
ce l l s  n for complete  mixing  have been  given in [8]. 

The mos t  typical  k inds  of flow for m a s s  t r a n s f e r  
and reac t ion  equipment  are:  flow of a s ing le -phase  
s t r e a m,  flow over  a packed bed, flow on a plate,  and 
flow in a ta l l  bubble bed. F o r  the f i r s t  th ree  ca se s  the 
d i s t r ibu t ion  cu rves  have been published,  while for the 
las t  case  the cu rves  are  not in the l i t e r a tu re ,  and we 
conducted expe r imen t s .  

Ta l l  Bubble Column. Tes t s  were  done in a co lumn 
of d i a m e t e r  54.5 mm and total  height 230 cm. Water  
f rom a cons tan t  level  header  tank came through a ro -  
t a m e t e r  to an annu la r  sp reade r ,  and f rom the re  to 
the column.  Gas came through a f lowmeter ,  en te red  
below the d i s t r ibu t ing  grid,  and passed  through the 
column,  which had 22 a pe r t u r e s  of d i a m e t e r  1 mm. 
The water  left the co lumn through three  side pipes  in 
each of which was mounted p la t inum mesh to m e a s u r e  
the e l e c t r i c a l  conduct ivi ty  of the solution. 

To accompl i sh  an impu l s ive  act ion a m e a s u r e d  
amount  of NaC1 solut ion was poured  into a con ta ine r ,  
which was closed undernea th  by a disk lapped to fit the 
bottom face of the conta iner ,  and p r e s s e d  against  it by 
spr ings .  The top of the con ta ine r  .was connected through 
a t h r e e - w a y  valve e i ther  to vacuum or  to a n i t rogen 
line. At the t ime  when the impulse  was requi red ,  the 
con ta ine r  was connected to the n i t rogen  line,  and a 
batch of the e lec t ro ly te  was very  rapidly injected into 
the column. The outlet  function was recorded  by an 
e l ec t ron ic  br idge  as a curve  of e l e c t r i c a l  conduct ivi ty  
of the e m e r g i n g  solut ion with t ime.  This  curve  was 
then conver ted  to a curve  of concen t ra t ion  with t ime,  
c(t), and, fur ther ,  to a curve  of probabi l i ty  densi ty  of 
r e s idence  t ime of the liquid pa r t i c l e s  in the column C 
on the t ime  H, by the fo rmulas  given above. 

The flow ra te  of the liquid was 7 . 5 - 1 5 . 5  m l / s e c ,  
and of the gas 6 . 5 - 4 6 . 0  m l / s e c ,  while the height of 
the bed was var ied  over  the range 8 6 . 5 - 2 1 6 . 5  cm. 

The table g ives  the r e su l t s  of one of the tes ts .  The 
flow ra te  of liquid was 11.6 m l / s e c ,  of gas 6 .8  m l /  
/ sec ,  and the height of the bed 216.5 cm. 

It follows from the table that the deviat ion of the 
cell  m6del p a r a m e t e r ,  n, as found f rom the va r ious  
s t a t i s t i ca l  c h a r a c t e r i s t i c s ,  v2, us, P2 and C M, is  sev-  
e r a l  t imes  g r e a t e r  than that of the values  of the diffu- 
sion model  p a r a m e t e r ,  B, as found f rom the same 
s t a t i s t i ca l  c h a r a c t e r i s t i c s .  

The graph showing the theore t ica l  dependences  of 
the quant i ty  C M on the mode tt M for both models ,  as 
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well  as the expe r imen ta l  points ,  also speaks  convinc-  
ingly in favor  of the diffusion model .  

Flow in a Cyl indr ica l  Tube. We have taken the ex-  
p e r i m e n t  of Tay lo r  and Brown [9] f rom r e f e r e n c e  [10]. 
The locat ion of the impuls ive  in jec t ion  and the locat ion 
of the m e a s u r e m e n t  of concen t ra t ion  a re  at l a rge  d i s -  
t ances  f rom the ends of the tube, and we the re fo re  com-  
pa re  the r e s u l t s  with the theore t i ca l  solut ion for an in-  
f in i te  channel.  

F r o m  ana lys i s  of the r e s u l t s  p r e sen t ed  in the table ,  
we come to the conclus ion  that in this  case  one obta ins  
a c lose  group of va lues  of B, thus e n s u r i n g  that the 
theore t i ca l  va lues  of u2, u 3, v4, P2 and C M are  equal to 
t he i r  expe r imen ta l  values .  

Flow of a Liquid over  a Pack ing  Element .  The pack-  
ing e l emen t  taken in [11] was a bed of 128 sphe re s  of 
d i a m e t e r  3.8 cm. We conducted 15 t e s t s  with th is  
a r r a n g e m e n t ,  and the m a j o r i t y  proved to be c lose  to 
the diffusion model  of mixing.  For  a f luid flow ra te  of 
1.98 m l / s e c  the r e s u l t s  a re  given in  the tab le ;  the r e l -  
a t ive devia t ion of the ce l l  model  p a r a m e t e r  i s  twice 
as la rge  as that of the quant i ty  B. In the r e s t  of the 
t e s t s  we obtained va lues  in a c lose  group for  both B 
and n, although the devia t ion of the ce l l  n u m b e r  n was 
l a rge r ,  as a rule .  Such a cons ide rab le  d i f fe rence  be -  
tween the diffusion and ce l l  models  in th is  region  is  
due Go the fact that for l a rge  va lues  of the p a r a m e t e r  
(B; n), both models  lead to d i s t r ibu t ion  funct ions  that 
a re  c lose  together ,  while t he i r  s t a t i s t i ca l  c h a r a c t e r i s -  
t ics  tend to a common l imi t  for  both models :  v2, 3, 4, - -  

1 ; p  2 ~ 0 ,  C M ~ ~. 
Flow of a Liquid on a P e r f o r a t e d  Pla te .  A r e s i de nc e  

t ime  d i s t r ibu t ion  funct ion has been developed in a s i m -  
i l a r  way for l iquid on a pe r fo ra ted  plate, and has been 
publ ished in [12]. 

It may be seen f rom the table  that ne i the r  the cel l  
model  nor  the di f fus ion model  can r e p r e s e n t  with suf-  
f ic ient  comple t enes s  the bas ic  p r o p e r t i e s  of the d i s -  
t r ibu t ion  funct ions:  the d i s c r epancy  of va lues  of B and 
n, as found f r o m  the va r ious  s t a t i s t i ca l  p a r a m e t e r s ,  
exceeds  42%. 

Ana lys i s  of the e x p e r i m e n t s  of [13] leads  to s i m i l a r  
r e su l t s .  

However,  va lues  of the zero  momen t  u 0 differ  com-  
pa ra t ive ly  g rea t ly  f rom unity (0.96), which ind ica tes  
a low expe r imen ta l  accuracy .  

It has thus been es tab l i shed  that the diffusion model  
of mix ing  is su i table  to de sc r ibe  the p r o c e s s  of longi-  
tudinal  d i spe r s ion  in flow of a l iquid in a ta l l  bubble 
column,  in the flow of a s i ng l e -phase  s t r e a m  in a cy-  
l i nd r i ca l  tube, and in flow over  a bed of spheres .  

The ques t ion of the na tu re  of mix ing  of a l iquid on a 
pe r fo ra ted  plate r e q u i r e s  fu r the r  inves t igat ion,  s ince  
the avai lable  expe r imen ta l  data are  not accura te  enough. 

m e a n  t ime ;  m is the o r de r  of the in i t i a l  moment ,  m = 
= l ,  2, 3, 4; B is the Bodenshte in  p a r a m e t e r ,  B = l / D r ;  
D is  the longi tudinal  diffusion coeff icient ;  n is the cel l  
n u m b e r  for  comple te  mixing.  

Expe r imen ta l  Values  of S ta t i s t ica l  C h a r a c t e r -  
i s t i cs ,  and Values  of the P a r a m e t e r s  B and n 

Computed T h e r e f r o m  

Charac- 
teri~ics 
and pa- 
rameters 

~2 
~3 
-v 4 

CM 
By2 

B:J. z 
gc M 

nv~ 
lz~ 4 
l/g2 
Bc N 

for a tall 
bubble 
column 

for flow 
for a cylin- oYeI a 

drical tube packing 
element 

1.346 
2.388 
5.169 
0,3659 
0,950 

4.515 
4.468 
4.652 
4.15 
4,30 

2.89 
2,70 
2.64 
2.73 
4.65 

2. 865 
7.516 

22. 604 
0.8144 
0. 637 

4,61 
4.66 
4,89 
4.59 
5.35 

2,94 
2.78 
2.74 
2,95 
5.12 

1.0597 
1.1963 
1.4403 
0.0593 
t.86 

32.4 
31.4 
30.8 
32.7 
37.6 
16.9 
16.0 
15.1 
16.9 
22.0 

for CT055 

flow on 

a perfor- 
ated plate 

t. 0995 
1.4439 
2.1487 
0. 1733 
1.31 

19.0 
14.2 
13.4 
10.4 
15.5 

10.1 
7.4 
6.8 
5.76 
9,90 
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NOTATION 

C is the probabi l i ty  densi ty ,  C = C/Co; c 0 is mean  
concen t ra t ion ;  H is r e l a t ive  t ime,  H = t /T ; r is the 
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