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The longitudinal mixing is a phenomenon, which affects deeply the overall efficiency of mechani-
cally agitated extraction columns. For the purposes of designing the full-scale equipment a reliable 
description of this quantity is urgently needed and namely its dependence on column diameter 
and on the arrangement of the internal parts. This paper represents an attempt at theoretical 
solution of this problem. 

In the past 15 years wide interest has been devoted to the phenomenon of longitudinal mixing; 
the prevailing number of papers, however, deals with mathematical models of flow in column 
apparatuses and only minority of them with the values of coefficients of those models. From this 
minority only a small number treats the measurements performed on plant scale and the method 
of study is in most cases purely empirical. Because of this fact the few papers containing data 
about longitudinal mixing in rotating disc extractors (RDC) are of a very high value; this concerns 
especially the papers of Stemerding1, Strand2 and Miyauchi3 even if the presented relationships 
are inconsistent concerning the influence of geometry. Only Miyauchi's paper3 presents an 
attempt at general theory; for final correlation, however, a semiempirical equation has been used. 
Data concerning the longitudinal mixing in full scale A R D extractors have not been published yet. 

Owing to the fact that back-mixing is one of the decisive factors for the efficiency and full-scale 
suitability of the extractors, it is desirable to know not only the values measured on models, but 
also the dependence of the longitudinal mixing coefficients on the extractors' size and on their 
internal arrangement. 

Beside of th is t he e n d e a v o u r of th is p u b l i c a t i o n is t o give a m o r e genera l so lu t ion 
w h i c h c o u l d b e app l i ed f o r o t h e r types of ag i t a t ed c o l u m n ex t r ac to r s . 

THEORETICAL 

T h e phys ica l m o d e l , dep ic t ed in F ig . 1, of t h e b a c k - m i x i n g in c o n t i n u o u s p h a s e of 
a n a g i t a t e d c o l u m n e x t r a c t o r a s s u m e s : a) idea l m ix ing in every c o m p a r t m e n t , de-
l imi t a t ed wi th s o m e flat s t a t o r p la tes a n d caused by a n a r b i t r a r y mixer , t h e p o w e r 
c o n s u m p t i o n of which is k n o w n a n d m a y be desc r ibed as 

Np = Pln3D5
Qc. ( / ) 

b) T h e c o m p a r t m e n t s a r e i n t e r c o n n e c t e d by a r b i t r a r y o p e n i n g s in t h e s t a t o r plates , 
t h e re la t ive f r e e a rea of wh ich is s. F o r t h e l iqu id m i x t u r e ins ide this a r e a appl ies the 
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theory of Kolmogoroff local isotropic turbulence, c) It is possible to define some 
distance /, greater than the plate thickness, roughly corresponding to the distance 
between main radial flows in both neighbouring compartments and influenced to 
some extent by design and manufacturing perfection of the extractor. For the inter-
-compartment mixing the velocity difference over this distance, u h is responsible. 
The back-flow Uz is proportional to 

Mathematical description of the above mentioned model is based on Kolmogoroff 's 
theory of turbulence, according to which the velocity difference over the distance 
I equals 

"i =k2{E0l)1'3, (2) 

where s0 is energy dissipation in unit mass 

4 P 

n m cQc 

For the back-flow Uz we may write 

Uz = kleul. (4) 

The value Uz corresponds to the transfer of all the dispersion; the back-flow of 
continuous phase only corresponds to 

UZC = UZ{ l - X ) , (5) 

where X is the hold-up of dispersed phase. Because of the low value of hold-up 
(X <4 1) an approximation may be used 

UZc * Uz . (6) 

Miyauchi4 has shown that for the number of agitated compartments greater than 
10 the back-flow and the diffusional models are equivalent, if the relationship 

ZilUih* = 0-5 + C/Zi/t7i ; i = c, d (7) 

for the respective coefficients is fullfiled. Combining Eqs ( l ) — (4) and (6) the final 
relation is obtained 

UZc *UZ = k3ll,3Np,3nDjx , (8) 

hi!3 / D A 2 / 3 
x = — 

e V D 
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The physical picture in an ARD extractor is similar, as may be shown by comparing 
the Fig. 1. and Fig. 2. The difference between both extractors is in £0 value in the 
neighbourhood of the opening in the stator plates. The value for ARD is expected 
to be lower because the opening is divided from the agitated part of the compartment 
by the vertical baffle. 

No agreement has beed achieved till now between theory and measurements for 
the dispersed phase back-mixing by means of the diffusion or the back-flow model 
only. The paper by Rod and Misek5 illustrated the influence of droplet velocity 
distribution and coalescence rate on the residence time distribution of the dispersed 
phase. The net back-mixing effect according to this paper is usually small, compared 
to the other ones. A simplified treatment of the back-mixing is therefore considered 
to be adequate. 

Assuming that all the droplets are fully entrained by the dispersion a relation (7) 
for the longitudinal diffusivity of the dispersed phase applies, where 

Because the X values are usually comparatively small and the Ud values are of the 
same order as Uc, the diffusivity approximates the value for a series of ideal mixers 

U 7 , = XV. Zd Z • 

Udhm 

(10) 

4 5 

3_ 

FIG. 1 

Schematic Drawing of the R D C Extractor 
1 Column, 2 stator plate, 3 rotating disc, 

4 shaft. 

FIG. 2 

Schematic Drawing of the A R D Extractor 
1 Column, 2 stator plate, 3 rotating disc, 

4 shaft, 5 vertical wall, 6 horizontal baffle. 
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EXPERIMENTAL 

This part introduces experimental results of our own and of other authors, which were thouroughly 
described elsewhere, and which refer to the full-scale RDC and ARD extractors. All these results 
were obtained by means of the tracer injection method, with measuring the concentration response. 
The influence of the rate of mixing for the individual studied apparatuses was expressed by the 
dependence of the type 

UZc = k4nD . (11) 

As a result therefore the compensated value of the kA constant can be considered, a representative 
of the whole set of measurements obtained from one equipment. 

The individual sets of data were obtained in the following way (see Table I). 

The respective results are given in summary in the Table II. Fig. 3 demonstrates 
the conformity of the measured values of k4 constants with the theory for both types 
of the studied equipment. The data support the meaning that the value k3 /1/3iVp/3 

may be considered constant for RDC and ARD extractors respectively. The agreement 
of the measurements with the theory is very satisfactory. 

Also the agreement of the experimental data obtained from one single equipment, 
with the Eq. (11) can be considered as a very satisfactory. This can be shown on an 
example of ARD column of 2800 mm in diam. (Fig. 4), confronting the calculated 
longitudinal diffusivity by means of the average k3 l1/3Np/3 value (solid line) with 
the individual measurements (blank circles). 

On the example of the large-scale extractor ARD/LS of 4000 mm in diam., equipped 
with 3 mixing systems, a case was verified, where the power input in the column was 
realized using several discs of smaller size. The comparison of the results and prediction 

TABLE I I 

Data Summary 

Author — — x, cm1 '3 k3l1/3 N1/3, c m l / 3 

type diameter, mm 

Marek7 ARD 200 10-88 3-04. , 10~2 

Rozkos8 ARD 1 500 19-75 2-96 . . 10~2 

Martinkova13 ARD 2 800 19-05 2-88 . , 1 0 - 2 

Misek, Rod9 RDC 50 3-18 4-45 . , 1 0 - 2 

Rozkos, Mi'sek10 RDC 1 000 9-25 3-98 . 10~ 2 

Rozkos, Mi'sek11 RDC 2 000 6-52 3-92 . 10~ 2 

Stemerding1 RDC 300 600 3-54. 1 0 - 2 

Stemerding1 RDC 640 8-69 4-57. 10"2 

Stemerding1 RDC 2 180 9-8 5-88 . 10~2 
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0 100 

F I G . 4 

The Inf luence of R o t o r Speed on Axial Diffusivi ty 
A R D ext rac tor , d iam. 2800 m m . 

nD, cms"1 

is shown in Fig. 5. The results proved the 
real dependence of longitudinal mixing on 
the power input in unit mass whereas its 
dependence on the RPM in only indirect. 

FIG. 3 

Exper imental Resul ts 
1 R D C , 2 A R D . 

0 " 50 - " 100 

FIG. 5 

Measured (b lank circles) and Calcula ted (full line) Diffusivit ies in the A R D / L S Ext rac to r with 
3 Ro ta t i ng Systems a n d C o l u m n D i a m e t e r 4000 m m 
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DISCUSSION 

The usefulness of the suggested theory of the longitudinal mixing in the agitated 
extractors of two different types has been proved within the wide range of variables, 
especially column diameters. The lower limit for the validity of linear dependence 
found by Stemerding1 for the mixing intensity, is evidently dependent on the measuring 
method used. This limit does not occur when measuring with stationary continuous 
phase, which gives evidence of the fact that the phenomenon involved is connected 
with phase flow and not with the mixing itself. 

The suggested theory presumes the independence of the longitudinal mixing on 
physical properties of the system and therefore these properties were not included in 
the experimental program. The full justification of this procedure presents the work 
of Kagan and coworkers16. 

The experimental program also does not prove the conclusions of the theoretical 
part, valid for the dispersed phase. A partial confirmation is quoted in the referred 
publication5, further evidence will be possible after refining the accessible measuring 
methods or after finding new ones, able to distinguish better the influences of lon-
gitudinal and forward mixing. 

Single-phase studies of the longitudinal mixing with stationary phase yield very 
accurate results. The reason is that influence of the longitudinal mixing itself is 
studied here, without mutilating it by other processes. This is, however, not the case 
with the momentum method, where it is necessary to reckon with strong decreasing 
accuracy of the determination with introducing further possible sources of residence 
time distribution. This refers to flow fluctuations, actions of the second, dispersed 
phase and its hold-up, respectively of all control actions in full-scale columns. 

This work does not cover problems of longitudinal mixing, caused by entrainment 
of the continuous phase in the wakes of individual droplets of the dispersed phase. 
However, evidence of such an influence exists, especially in the range of higher hold-
-ups and in columns with modified transfer openings (Ingham17). 

The author wishes to thank to the staff of Liquid extraction department of Research Institute of 
Chemical Equipment, Prague, for efficient technical cooperation; namely is indebted to Dr B. Rozkos, 
Dr B. Seidlova, Mr J. Drtina, Dr J. Haman and Mrs J. Bradova. 

LIST OF SYMBOLS 

D diameter of the mixer (cm) 
Dc column diameter (cm) 
hm compartment height (cm) 
/ injection point 
k constant 
I length (cm) 
n rotations per second ( s _ 1 ) 
Np power number 
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p power input ( g c m 2 s - 3 ) 
R response point 
t residence t ime (s) 
t 0 residence t ime, calculated f r o m the phase velocity (s) 
i/j velocity difference over the dis tance 1 (cm s - 1 ) 
U superficial velocity ( c m s - 1 ) 
Uz back-f low superficial velocity ( c m s - 1 ) 
X ho ld -up 
g longi tudinal diffusivity ( cm 2 s - 1 ) 
x as defined by the Eq. (5) ( c m 1 / 3 ) 
Q density (g c m 3 ) 
e relat ive f ree area of the s ta tor opening 
E0 power input per unit mass ( cm 2 s - 3 ) 
t50% response t ime, at which 50% of the m a x i m u m concentra t ion is achieved (s) 

Indices 

c con t inuous phase 
d dispersed phase 
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