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The mathermnatical model of longitudinal mixing in continuous phase in an
RD-extractor based on the diffusion model has been modified with respect to
the conditions characterizing the flow and properties of dispersed phase. The
constants in the resulting relation derived which make possible to calculate the
coefficient of longitudinal mixing in this phase ¢, for the design of extractors
have been determined experimentally by measurements in a laboratory extrac-
tion column with the system water—acetone—toluene. The values of Pe, found
from the concentration profiles in this apparatus are compared with the values
calculated according to some recommended correlations. The possibility of
indirectly determining the coefficient of longitudinal mixing in continuous
phase Pe_by the use of nonstationary analysis in two-phase flow is discussed.

MaremaTtuyueckas MOJeJb MPOIOJILHOTO EPEMELIMBAHYS B CIUIOLIHON (a3ze
P[I-3kcTpakTopa, OCHOBaHHAas Ha Mu(y3HOHHON MOfienH, Ob1a MOAUdwIU-
pOBaHa C y4eTOM YCJIOBUH XapaKTePU3YIOLIMX MOTOK U CBOMCTBA JUCMEPCHOM
¢azbl. KoHcTanTsl, cofepxkaiiecs B KOHeYHO! dopMyne s pacdeta Koad-
(huLeHTa MPONONIBLHOTO NEepPeMEIIUBaHys B 3TOH (hase £, AN HYXKJ NPOEKTH-
POBKH JIJAHHOTO THIIA IKCTPAKTOPOB, O-IIH ONpefelieHb] 3KCIIEPUMEHTANBHO Ha
1abopaTOPHONH IKCTPAKLMOHHON KOJIOHHE ISl CUCTEMbl BORA— alLETOH—
—ronyos. 3Hadenus Pe, noiydeHHble M3 KOHUEHTPALMOHHBIX Npoduien
KOJIOHHBI, ObUIM CPABHEHbBI C PACCYUMTAHHLIMYU 3HAYEHUAMH MO PEKOMEHJOBaH-
HbIM COOTHOLICHHUSIM Koppensiuuu. O6cyxaanach BO3MOXHOCTb ONpPENeNeHUs
K03 duLKMeHTa MPOROILHOTO MEepeMEILIMBAHMS B CIITOWHON da3e Pe  KocBeH-
HO MPU MOMOIM HECTALMOHAPHOTO aHanu3a B BYX(PAa3HOM MOTOKE.

The investigation of the properties of countercurrent extractors is founded on
two model concepts, i.e. the diffusion model and the stage model. The diffusion
model is based on a differential contact of phases while the stage model is based on
the concept of a cascade of ideal mixing stages with reverse mixing between them.
The flow character in extractor represents a transient state between piston flew and
ideal mixer and the degree of its approximation to these limiting cases is to be
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expressed either by the coefficient of longitudinal mixing € for the diffusion model
or by the coefficient of reverse mixing r for the stage model.

The fundamental equations of the diffusion model as well as the methods of
solution are presented elsewhere [1]. In order to use some of the solutions for
designing we must know the values of the coefficients of longitudinal mixing in both
phases. That may be achieved, as described in [12], e.g. by a direct evaluation of
the relations between the concentration of the transferred substance in both phases
and the position in the apparatus (concentration profiles) by using the following
equations

Pex=U;hC= _Xo—Xn (1)
¥ J' (X—x)dz
0

Uy hc yE = yH

Pe,= 2% @)
© [o-ne
0
xF—Xz=No,‘f (x—x*)dz (3)
0
No,=Kelhe_ __ Xe—in “@)
! j(x—x*)dz
0
U,‘X_Uy Y=UxxF—Uny (5)

and the equilibrium relationship y* =f(x). The meaning of the quantities in this
system of equations is evident from Fig. 1 in which the concentration profile of
transferred substance in both phases is represented by the dashed line for piston
flow and the full line for flow with longitudinal mixing. Because of experimental
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Fig. 1. Two types of the concentration profiles Fig. 2. Diagram of diffusion model with three
in rotary-disc extractor: real profile (full line), mixing parts.

at piston flow (dashed line).
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intricacy of this procedure, especially as regards the dispersed phase, the indirect
methods of stationary and nonstationary analysis are more frequently used. These
methods are based on a time-dependent or independent feed of the so-called
tracing substance into the flow in apparatus and on observing ‘“‘the response” at
another point in the form of the concentration of this substance dependent on time
and position in the apparatus. From the properties of the measured response, the
value of Pe may be determined for real hydrodynamic flow conditions because
these methods are founded on the diffusion model equations adapted for the
conditions suited to the use of a tracing substance. For nonstationary method, it is
the equation

dc 3%c ac
a o Um 6]

the solution of which depends, in general, on boundary conditions of the model
(Fig. 2) provided a concentration impulse simulating the Dirac é function is used as
a feed of tracing substance

> _ re
izg fzi’o f c(t)de=1 7)
If only the middle part (=0, h=L, ,=¢,=0, U,= U, = U, two-sided bounded
model) is taken into consideration, the boundary conditions according to Danck-
werts stated in [1] may be used for the solution. For the half-infinite model (&, =0,
e,=¢) and feed of tracing substance into the entry of apparatus Strand et al.
derived the following equation [2], valid for the time dependence of ¢ at the point
h=L

c(ﬂ)=;lr- \/%e exp[ —%(%—\@)] _%e exp(Pe) erfc [? (%+\/1_9>] (8)

The dispersion of this equation o (defined as the second central moment by eqn
(21)) is governed by the equation

02(0)=PL62(2Pe+3) 9)

where the dimensionless time is

LU

¢=7

(10)

For the dispersion of the function c(:) in the bounded model (Fig. 3), Van der
Laan [3] derived the expression
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Fig. 3. Diagram of two-sided bounded diffusion Fig. 4. Measurement of the residence time
model. dispersion of tracing substance according to
Bischoff and Levenspiel.
Z(ﬂ)——— [2Pe +3+2e " —e"™(4a'Pe+4+e ")) (11)

Bischoff and Levenspiel [4] developed a method for the determination of Pe by
measuring the dependence c(#) at two different points of apparatus and simulta-
neously using an arbitrary concentration impulse as input signal while one or both
these points could be situated outside the testing part of apparatus (Fig.4). For
a two-sided infinite apparatus, these authors derived the relation

oX(%)— oi(ﬂ)=—lf—e (12)

As a matter of fact, the experimental relationships ¢(#) found at the entrance by
using the Dirac 6 function represent the residence time distribution of the tested
phase in apparatus. The use of the above relationships for the determination of Pe
enables us to derive some correlation equations for the calculation of the Péclet
numbers by means of the quantities characterizing the flow in extractor. These
relationships were published mainly for continuous phase. Since the dispersed
phase may be regarded as the second continuous phase with respect to its
properties (which is valid only approximately), in literature it is recommended to
use the above relations in equal form for that phase, too. It applies to the relations
according to Strand [2] ’

nz D.N/D.\?/D*-D?
Ped_0.5+0.09z U, (D) (—Di ) (13)
Miyauchi (5]
1/2
Pi_05+0017 ZgNN‘“ (%) (14)

and MiSek [6]
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n D,N (N, D} D‘:)‘”
- 1
Pe, 0'5+k°ZUdn< D* k., (15)
where k,=15.77 cm'”? and
: 2 —0.155
N, = == 0.069 22 (16)

The quantity Z is the hold-up defined as the ratio of the volume of the dispersed
phase to the volume of the working part of apparatus.

Rod {7] investigated the magnitude of longitudinal mixing due to mechanic
stirring in dispersed phase on eliminating the influence of different particle sizes on
this process. The author used solid particles of spherical shape in his experiments
and found out a correlation relation. After rearranging this relation may be
expressed in the form

Eq D.N
=0. i Z
U, e 0.7+0.02 cx U,

(17)

where cg is the constriction factor given by the least value of the ratio of some
internal free cross-section to the -cross-section of column.

Theoretical

The model idea of the mechanism of longitudinal mixing in dispersed phase is
founded on the basic model of longitudinal mixing which assumes the additive
effect of two factors determining this phenomenon. For a dispersed phase it may be
supposed that the character of its flow is determined by the resulting effect of
mechanical mixing and the distribution of fall velocities of drops owing to their
different sizes. Hence, it holds according to [1]

1 1 1
pe= Kot 7|l (18)

The contribution of mixing [1/Pe]..;x may be expressed by means of the procedure
used for continuous phase [1], i.e. of the equation

[L] _w D:NZ
Pe | ... """ Usn

(19)

The determination of the second contribution may be founded on the idea that the
motion of dispersed phase is divided into two steps. In the first step, the phase
moves in a piston manner as far as the entrance into apparatus, the velocities of all
drops are equal and the dispersion of their residence times is equal to zero. In the
second step, the proper flow through apparatus with a constant distribution of
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residence times and their dispersion takes place. Thus according to [4], the
dispersions of residence times at the entrance into apparatus o; and at its end o3
may be regarded as responses of a certain input signal and since o} =0, we obtain
according to (12)
2 5 -

pe = 03(D) (20)
where Pe is the apparent Péclet number characterizing the motion of dispersed
phase with respect to the distribution of drop sizes and may be, therefore, regarded
as Pe... With respect to the dimensionless time used, the dispersion o3(1#) is
defined by the following expression

ol = ( hUZ> [ f )mtz k() dt — P] = ( hf"*z)z oX(t) 1)

The mean residence time ¢ is given by the equation

fzrt k(z) dt (22)

where k(z) represents the residence time distribution and h. Z/U, is the mean
residence time of the dispersed phase in apparatus. The dispersion of the residence
times of drops is, however, influenced by their aggregation and redispersion and
according to the theory of aggregation height [8] the following relation between the
dispersion of the residence times without aggregation o7 and with aggregation o7 is
valid

ol=n, o} (23)
where n, is the number of drop aggregations in an extractor of the height /. while
h.=n,H. (24)

The quantity H. is the so-called height of aggregation which may be calculated
from the equation

_1h v - (25)

H°_CZE E'

The value of the constant C in this equation depends on the circumstance whether
the aggregation is rapid, i.e. every aggregation brings about coalescence, or slow.
In the first case C =4.2 X 10~* and in the second one C =4.2 X 10~°. By combining
eqns (20), (21), and (23), we obtain

27, _Wo' () v
[Pe]m_ n,h:z’ s
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Because of the difference between the real behaviour of the dispersed phase and
the above assumptions, it is more convenient to write this relationship in the form

1 Ui o° (1) ‘
(e ~el)” @
By inserting (19) and (27) into (18) we obtain the final expression for Pe,
1 ND.Z U; oz(t))“l
Ped—K0+K| Ud n 4‘1(2(’1k h‘z: ZZ (28)

The values of the constants K,—K; must be determined experimentally.

Experimental

The experiments aimed at determining the coefficients of longitudinal mixing in both
phases from the concentration profiles in the system water—acetone—toluene (depleted
dispersed phase) were carried out in a laboratory rotary-disc extraction column the
description of which as well as the physical properties of the system and the methods of the
determination of profile had been the topic of previous papers [1, 9]. Besides, the values of
€. in continuous phase were indirectly measured from the distribution of the residence times
of drops at a certain point of column by using a signal at the entrance in the form of the Dirac
6 function simulated by a rapid feed of a concentrated KCl solution (0.5—1.5 ml) into the
continuous phase immediately under interface. The distribution of residence times was
determined from the time dependence of the concentration of KCI at the point where z was
equal to 0.688. This concentration was measured by means of the conductance of the
continuous phase. The equipment used consisted of a conductance cell, conductometer
OK 102/1, voltage divider (in proportion 40:1), and recorder EZ 4. These conductance
measurements were repeated 5—8 times for each experiment and from the values of Pe,
found the arithmetic mean was calculated.

Furthermore, some experiments were performed for the purpose of determining the
distribution of residence times of the dispersed phase. These experiments were based on the
impulse feed of a concentrated solution of the Sudan III dye at the entrance of this phase and
the colorimetric investigation of the time dependence of colour intensity at another point of
the column (z =0.688) which was recorded. Assuming the colour intensity of the phase is
proportional to the concentration of the tracing substance, the curves thus obtained may be
considered to represent the distribution of residence times and therefore they may be used
for determining the values of Pe. There were merely a few experiments of this kind because
toluene always had to be deprived of the tracing substance. The results obtained were mainly
used for estimating the suitability of this method for dispersed phase.

The interfacial tension in the system water—toluene at ordinary experimental temperatu-
re and mean concentration of acetone in both phases was determined by the approximate
separation method and was found to be 0.025 N/m.
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Results and discussion

By using eqns (I—35) and the equilibrium relationship, the values of Pe, were
calculated from the experimental concentration profiles for individual experiments.
These values as well as the values of hold-up are quoted in Table 1. The velocities
of phases and the number of revolutions at these experiments are presented
elsewhere [9]. Before proper determination of the constants in eqn (28), it was
necessary to determine o°(¢) by means of eqn (21) and n, by means of eqns (24)
and (25) for each experiment.

Table 1
Comparison between the measured values of Pey and the values calculated according to recommended
correlation relations and between the values of Pe. found from concentration profiles and by means of
conductometric measurements

Experi- Pey Peqy Peq Pey Pey Pe. . P
ment Z . Pe, n, (13) (17) (15) (i4) concent.rauon conductance
. profile measurement
1 0.095 9.6 0.348 6.5 4.6 552 563 8.4 12.8
2 0.114 11.7 9515 7.5 53 514 526 12.3 11.8
3 0.129 14.5 0.736 82 57 47.6 48.9 15.0 10.9
4 0.168 17.8 1.082 99 6.9 412 426 19.1 13.5
5 0.232 21.8 1.905 12.0 83 332 346 32.0 12.1
6 0.098 5.8 0352 6.8 48 56.7 57.8 9.8 11.0
7 0.104 5.2 0419 7.1 5.0 544 556 15.2 14.1
8 0.138 73 0711 8.8 6.2 48.0 493 18.7 9.6
9 0.171 9.3 1.287 10.2 7.1 425 439 20.3 10.8
10 0.219 12.4 2.067 11.8 82 357 37.1 18.9 11.3
11 0.230 13.8 2306 12.0 83 34.0 353 229 6.0
12 0.116 5.2 0449 8.0 5.6 562 573 8.5 8.6
13 0.125 6.4 0.579 84 59 532 544 11.6 11.0
14 0.161 9.6 0930 10.2 7.1 472 485 14.4 6.0
15 0.172 10.0 1.298 10.7 74 452 46.6 16.4 7.8 .
16 0.216 127 2.340 123 8.5 393 40.6 21.2 7.9
17 0.250 13.9 3.100 13.2 9.1 347 36.1 31.8 8.5
18 0.128 6.6 0502 88 6.2 554 56.6 10.1 7.8
19 0.143 6.2 0.722 96 6.7 525 53.7 12.8 6.4
20 0.163 9.9 0984 10.5 7.3 488 50.1 17.0 8.2
21 0.186 8.6 1.300 114 8.0 449 46.2 57.0 12.6
22 0.225 15.1 2317 129 89 395 41.0 25.2 9.0
23 0.260 18.2 - 13.7 9.5 348 36.2 23.0 16.1
24 0.117 5.7 0.420 82 5.8 58.0 59.1 8.3 9.6
25 0.154 9.8 0.764 103 7.2 523 535 114 8.4
26 0.171 12.3 0922 11.0 7.7 489 50.2 13.4 6.1
27 0.188 13.9 1.321 11.7 82 459 472 18.1 6.9
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The equation for the calculation of hold-up at a given value of N put forward by
Misek [10]
U U _ _ (2_

UM——Z +1_Z—:-t u(1—2Z) exp [Z (d 4.1)} | (29)
makes evident that In Uy/(1—2Z) depends linearly on Z. The slope of this
relationship is (z/@ —4.1) and the section on the axis y is In % u,. The symbol Z
stands for the so-called coefficient of aggregation characterizing the ratio of drop
sizes in the absence and in the presence of coalescence. It may be calculated for
a rapid aggregation by means of equation [10]

~ 0.5770.5
7=1.59% 102 [’3— (;;) ] (30)

The quantity @ is called velocity exponent and occurs in the relationships between
fall velocities and drop diameter of the type

u'=kd (31)

and is a function of Re’ the graphical form of which is also given in [10].

From the measured values of hold-up processed in the sense of eqn (29), the
values of u,, Re’, &, 7, and Z, have been obtained. These values are listed in
Table 2. The value of d;, is the arithmetic mean of all values obtained in individual
experiments carried out at a given N and z, is the value of the coefficient of
aggregation calculated according to eqn (30).

It ensues from the values of @ that the experiments were carried out in the region
of validity of the Allen equation which relates the fall velocity of drop with its
diameter [11]

1.14A 0.71 0.71
=, 153 W——ékm (32)

c c

Table 2

Experimental values of the mean fall velocity of drops uy, Re’, and velocity exponent @ and comparison
between the experimental values of the coefficient of aggregation z and the calculated ones z,

U = =

-1 . Re' a z %
‘ mS
0.0606 179 1.08 4.55 2.40
0.0556 149 1.07 3.10 2.47
0.0395 93.8 1.02 4.55 2.53
0.0206 43.5 0.93 7.05 2.62
0.1021 181 1.09 991 2.72

0.0332 23.5 0.86 3.61 2.78
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The values of the coefficient of aggregation indicate a regime of rapid aggregation,
which determines the value of the constant C in eqn (25). The values of n, thus
calculated are given in Table 1.

Assuming the distribution of drop sizes is governed by the Schwarz relation [9]
and the fall velocity of drops by eqn (32), the mean values of the distribution of
drop residence times 7 in apparatus may be calculated on the basis of the procedure
described in [1] by means of the equation

24h, a a’ a’ at
f_kzaG<1+dm —;+6d;+24d:n> (33)
whei ¢
a—2 a—3
, G= 6(14—3— ﬁ‘i‘@) (34)
For the dispersion of the distribution of residence times o7(¢), it holds
1202 ( i, @ & a &
2 i G e e —
Qe (” t242 +6d;+24d;+120d;> (33)

By using this equation, the known values of n,, and pertinent quantities, the

numerical values of the expressions in parentheses of eqn (28) may be calculated

for each experiment while the constants K,—K; may be determined from the

measured values of Pe, by the method of least squares. Thus we obtain
D.NZ

—=7.72x 107 +2.64 X 102 2.65( 20 Ua\*™ 36
Pd X107 $2640 W= w =k (.hZZ) ad

6=0.1715, 6,=0.3968.

The quantities 6 and J,, represent the mean error and the maximum relative error,
respectively, and are defined in more detail in [9]. A confrontation of the measured
values of Pe, with the above equation is shown in Fig. 5.

On the basis of dimensional analysis as well as the general form of criterion
function adapted to the experimental conditions [9], the following relationship
between Pey and pertinent quantities has been ascertained

Pe,=1.83x10"a** A Re”’ - (37)
6 =0.1840, 4,,=0.4427.

Eqns (36) and (37) may be considered valid in the range of above-mentioned
errors merely in the region of the conditions for which they have been derived and
for this reason, the general validity of the model idea leading to eqn (36) cannot be,
for the time being, appraised. The influence of geometrical arrangement of the
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5 1 1 1 1 o 9 1
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; 2_2 1975
Fig. 5. Confrontation of the measured values of 772 x10°+ 2.64x10% ZNZ L 565 | 4T
. . ° : Ugn 40| 22
Pe, with expression (36). zhe

intrinsic construction elements of extractor and of physical properties on the values
of the constants K,—K; should not be, however, significant according this idea
whereas it should manifest itself mainly in the distribution of drop sizes.

Furthermore, the values of Pe, were compared with those calculated according to
correlation relations (13—15) and.(17) the values of which are given in Table 1. It
ensues from this comparison that the Strand relation (13) is the most convenient
under experimental conditions used in spite of that it was originally derived for
continuous phase for which it was, however, found to be unsatisfactory [1].

As obvious from Table 1, the value of ¢, decreases with increasing number of
revolutions because the number of drops of the dispersed phase increases (and the
number of aggregations, too), their diameter decreases and the distribution of sizes
approaches a monodispersed system, which results in a decrease in the value of
o’(t). Consequently, the term [1/Pe],, in eqn (28) decreases while the term
[1/Pe]., increases simultaneously. On the basis of this fact it may be assumed that
the effect of the distribution of drop sizes on flow character prevails over the effect
of mechanical mixing in the region of the experiments performed similarly as in
continuous phase [1].

This study also includes the indirect determination of the coefficient of longitudi-
nal mixing in continuous phase by means of nonstationary analysis. This determina-
tion has been based on the assumption that the time coordinate of the maximum
Bmax Of the residence time distribution of the tracing substance in the sense of eqn
(8) is a function of Pe the form of which may be found by determining @, from
the curves (8) for different values of Pe (Fig. 6). Then the following inequality is
valid

0=9,.=1 (38)

This relation may be applied to the determination of the value of Pe from the
distribution of residence times of the tracing substance as found experimentally.
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Fnex ' ' KITPe) ] K
1.0F 0
0.8
. Vnnax = f (Pey)
0.8
4-0.05
0.7
0.6 Fig. 6. Variation of ¢,,, and K with the
05 ) ~04 Péclet number referred to bounded mo-
5 Pe, 20 del (Pe,).

This procedure based on calculating dispersions from the experimental curves and
using relation (9) or (11) has shortcomings consisting in that the accuracy of
determining o’*(#) is relatively low.

Since relation (&) is valid for half-infinite model and the laboratory apparatus
approximately fulfilled the conditions of bounded model, it is necessary to find out
the error due to the exchange of these models. A certain value of dispersion o*(%)
given by the relation valid for half-infinite model (9) which would be really found
at a given point if the apparatus were such a model corresponds to the value of Pe,
found by means of @,.,. According to eqn (11), another value of Pe,, however,
corresponds to that value of dispersion in bounded model. By using the last two
equations cited, the dependence on Pe, of the correction factor K defined by the
equation

Pe, — Pe,

o= Pe,

(39)
may be determined for different positions of the measuring place in the apparatus,
in our case for a’ =0.312. This relationship is also depicted in Fig. 6 and it follows
from it that K shows a very low value which is smaller than the error of
measurement in the range of medium and higher values of Pe. It means that a’
represents a sufficiently large distance from the edge of apparatus for both models
to give almost equal results.

The values Pe. found by the above procedure under working conditions of
individual experiments are given in Table 1. A comparison between the values of
Pe, determined from concentration profiles [1] and those calculated from correla-
tion relations shows that even an approximate agreement does not occur in any
case and it seems that there is no relation between the values of Pe. thus
determined and pertinent quantities. It may be, to a certain extent, explained by
that the errors due to the presence of the second phase and probably to the
substance transfer, too, were significantly effective.
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The application of this method to dispersed phase has shown that the properties
of this phase may not be considered similar to the properties of continuous phase
just because of the discrete character of its particles. Toluene containing the tracing
substance was gradually dispersed in a column. First of all, large drops proceeding
more rapidly were formed. These drops gradually split into smaller and slower
drops which occasionally collided with noncoloured drops and dispersed again so
that the concentration of the tracing substance in them decreased. If we take into
consideration that one intensely coloured drop absorbs as much light as several less
coloured equal drops, then we see that such a measurement cannot give an image of
the residence time distribution of the tracing substance in a dispersed phase. It is
also evidenced by the fact that the time @,,., was always approximately equal to one
or greater, which indicated that there was only a slight longitudinal mixing in the
phase though the direct measurements led to other conclusions. The cases in which
oy > 1 are without any physical significance. The situation in the continuous phase
is different. The particles of the tracing substance freely spread in the whole volume
according to real hydrodynamic conditions while such spreading in a dispersed
phase is limited only to the splitting and coalescence of drops. Besides, some
subjective shortcomings of that method occurred. These shortcomings consisted in
incidentally catching or retarding some coloured drops in the internal construction
of column. Then these drops passed along the photocell of colorimeter later and
distorted the results of measurement. a

On the basis of the experience obtained from the use of nonstationary analysis
for the investigation of the character of two-phase flow by means of the conducto-
metric and colorimetric indication of the tracing substance, it may be stated that
this method is not suited (especially for dispersed phase) and it is more convenient
to determine Pe from the concentration profiles of the transferred substance.
However, this procedure has also its limitations, as described in [1].

Symbols
a specific interfacial surface
a' dimensionless distance (Fig. 3)
a parameter for the drop size distribution according to Schwarz
D.NZ o 3
== quantity in eqn (37)
d
c concentration of tracing substance
Cr constriction factor in eqn (17)
d drop diameter
d, maximum drop diameter
ds mean drop diameter of the order 3,2
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rotor diameter

stator diameter

column diameter .

power input for a unit of mixed mass
quantity defined by eqn (34)

distance

height of stirring stage

length of column

height of aggregation

constants, correction factor defined by eqn (39)
residence time distribution of drops in column
overall coefficient of mass transfer

length

number of stirring stages

number of effective aggregations

number of rotor revolutions per time unit

number of transfer units of apparatus

input criterion defined by expression (16)
power input per one column disc

Péclet number
Reynolds number from eqn (37)

Reynolds number in Table 2

time

mean value defined by eqn (22)
fall velocity of drop

mean fall velocity of drops
velocity of phase

quantity defined by eqn (29)
concentration of depleted phase
concentration defined by eqn (3)
concentration of enriched phase
concentration defined by eqn (5)

dimensionless distance

coefficient of aggregation
hold-up of dispersed phase

quantity in eqn (37)
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ROTARY-DISC EXTRACTOR. III

a velocity exponent
o relative error
€ coefficient of longitudinal mixing
U, dynamical viscosity
D,\2 . .
n= < D’) relative free cross-section of column
v kinematic viscosity
o’ dispersion of distribution
o phase density
Ao difference between densities of continuous and dispersed phase
) dimensionless time (relation (10))
o interfacial tension :

Indices

c continuous phase
d  dispersed phase
E  exit of enriched phase
F  entrance of depleted phase from outside
H entrance of enriched phase from inside
0 entrance of depleted phase from inside
R exit of depleted phase '
S entrance of enriched phase from outside
X depleted phase
y enriched phase
7 reverse flow, value in the distance z from the entrance

of depleted phase

Exponents
* equilibrium state
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