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Abstract: The influence of the gas flow rate and vibration intensity in the presence of the
solid phase (polypropylene spheres) on axial mixing of the liquid phase in a three phase
(gas-liquid-solid) Karr reciprocating plate column (RPC) was investigated. Assuming that
the dispersion model of liquid flow could be used for the real situation inside the column, the
dispersion coefficient of the liquid phase was determined as a function of different operating
parameters. For a two-phase liquid-solid RPC the following correlation was derived:

DL — 1.26(14_f)]'42 ULO.SI 850'23
and a similar equation could be applied with + 30 % confidence for the calculation of axial
dispersion in the case of a three-phase RPC:
DL — 1.39( Aﬁ0‘47 UL0.42 UGO.03 88—0.26

Keywords: Karr reciprocating plate column, three-phase column, axial dispersion, residence
time distribution, dispersion model.

INTRODUCTION

Multiphase systems are very often applied in biotechnology (immobilized microbes
or enzymes on a solid support used as a catalyst for microbic or enzyme fermentations) and
chemical processes where the reactants and catalyst are present in different phases
(gas—liquid and solid—catalyst). The reaction rate of such processes usually depends on the
specific contact area between the phases (fluid and solid) as well as on the mass transfer
rate from one phase to the other. External mixing in a reactor of different and specific con-
struction and usage could generate phase dispersion.

The flow of phases in continuous processes is usually not ideal and in some cases
such deviation from the ideal flow pattern (plug flow or ideal mixing) might be substantial.
Such deviations from the ideal type of fluid flow are usually: channelling, recycle flow or
stagnant zone formation inside the reactor or some other type of equipment used in the
* To whom all correspondence should be addressed.
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chemical process industry (distillation columns, absorbers, adsorbers, heat exchanger).
When such non-ideal behavior of fluid flow occurs, an important decrease of process unit
productivity may be detected.

Knowing the effect of non-ideal flow is of particular importance in the case of
scale-up design. In many cases it is enough to have information about the residence time
distribution of a fluid in a reactor determined by stimulus-response methods with the ap-
propriate tracer. The diminishing effects of non-ideal flow in the design of industrial units
might lead to enormous errors in their exploitation.

Reciprocating plate columns (RPC) have primarily been used in the last few decades
in the process of liquid-liquid extraction.!2 This type of unit must have good characteris-
tics leading to small axial mixing of both the continuous and dispersed phases. The investi-
gation presented in this paper was performed on a RPC of the Karr type, patented in 1959,
characterized by a larger open area of the plates of the vibration set (< 60 %).2 This type of
column is known today as the Karr type of RPC. In industrial applications one may find
columns with diameter up to 1.7 m and 18.3 m in height.3

This type of RPC has been used in the last two decades as a specific type of
bioreactor.#8 The advantage of such a bioreactor compared to a bubble column is the evi-
dence that external mixing generated by the vibration set increases the gas hold-up specific
interfacial gas-liquid area in the column, thus improving the contact of phases. Finally, as a
consequence of such a positive influence of vibrational mixing, one might calculate a sub-
stantial increase of the mass transfer rate between the phases. The uniformity of the phases
in the radial direction (RPC columns of larger diameter) is also expressed, without chan-
nelling and dead zone effects or recycle flow. The relatively small external power con-
sumption used for mixing the column content enables good mixing and phase dispersion,
especially in the case of immiscible phases (aqueous and organic).

If laminar flow does not exist, the main problem in defining the mathematical model
of a real reactor is how to define the fluid velocity profile. In such cases the dispersion
model based on the assumption of the empirical parameter (dispersion coefficient) in the
model equation is very often used. The mixing effect (in the axial and radial directions) is
determined by a mathematical expression taking into account the effect of phase dispersion
(dispersion model), which is determined by the effect of molecular diffusion. The resi-
dence time distribution function (¥ — function) and its density (function £ = dF/df) can be
used for determining the coefficient of axial mixing (model parameter) based on the calcu-
lation of the central®:

wi=['E,di where k=0,1,2,3, ... (1)
0

and non-central moments of the E—function:

M’k:I(t—ﬂi)kE[dt where k=1,2,3, ... Q)
0
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The first non-central moment represents the average value of the F—function or the
mean residence time of the fluid in the reactor (column), while the second central moments
represent the dispersion of the residence time (G2).

By applying Egs. 1 and 2, one can calculate the moments of the specific type of dis-
persion model (Table I).

TABLE 1. Values of dispersion coefficients, which can be calculated from the moments of the dispersion
models (different type of broundary conditions; closed — dispersion does not exist; open — dispersion exists)

Model type (Inlet-Outlet) The first non-central moment ~ Second central moment (Disper-

(The mean residence time) sion of the residence time)
Open—-Open 1+ 2/Pe (2Pe+8)/Pe?
Open—Closed 2
Closed_Open } 1+1/Pe (2Pe+3)/Pe
Closed—Closed 1 {2Pe-2[1—eT¢]}/Pe?

The axial dispersion coefficient of the liquid phase in a multiphase RPC column (Dy)
is determined on the basis of the calculated Pe number (Peclet) according to the equation:

- UL (€)
Pe(1- &)l —¢€g)
Different mathematical correlations derived for the calculation of axial dispersion in a

RPC are given in Tables II-VI in the case of one (L-liquid), and two phase flow (G-L;
gas—liquid and L-L systems), as well as in the case of bubble and packed-bed columns.

Dy,
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TABLE VI. The axial dispersion coefficient in a packed-bed

Systems and operating parameters Correlation Reference
Pep =1.00:Re; 970Ga; 032 where: Pe; =

Water (k) ¥ and air (d) T; D.=5.1 D. - Rew = = Michell and Furzer
cm; packing: Rashig rings 0.635 cm fl,/%dp/ L L daprUpliy and Gay (1972)4
p ZPL / Hp
EXPERIMENTAL

The RPC consisted of a Pyrex tube equipped at the top and bottom with positions for the inlet and outlet
of the liquid and gas phase. It could be operated in the counter-current mode (L — the liquid phase flow from
the top to the bottom of the column and G — gas phase in the opposite direction), while the solid phase was
used as a charge in the column. The vibration frequency of the perforated plate set was adjusted by a reduction
control device and measured using an inductance counter.

A scheme of the experimental set-up in the case of a column of 2.54 cm i.d., as well as the plate charac-
teristics (dimensions) are shown in Fig. 1, while the geometrical characteristics of the RPC used in this study
and the operating parameters are given in Table VIIL.

TABLE VII. RPC geometry and operating parameters

Diameter (i.d)/cm 2.54
Height (column)/cm 207
Height of the working part of the RPC/cm 183.6
Vibration set length/cm 172.3
Volume of the column (working part)/cm3 839.3
Nozzle diameter (gas inlet)/cm 0.385
Rod diameter of the vibration set/cm 0.32
Number of plates 65
Plate diameter/cm 2.5
Distance between two plates/cm 2.54
Plate thickness/mm 1.5
Plate hole diameter/mm 8;6
Number of holes on the plate 4 (8 mm) and 4/2 (6 mm)
Plate free area/% 51
Vibration amplitude/cm 2.35;1.0
Vibration frequency/s™! 2-45
Superficial gas velocity/cm/s 0-1.48
Superficial liquid velocity/cm/s 0.24-0.87
Solid phase content/% 0 and 5.61
Diameter of the solid spheres/mm 8.3
Plate (material) S.S.
Distance between two plates Teflon
Spheres (solid phase) Polypropylene
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The stimulus-response method based on tracer usage was applied for the determination of the residence
time distribution function. An aqueous solution of tracer (sorbic acid; 2,4-hexadienoic acid; Industrie
Betreuung-Belieferung, Gold-Schuidz, Austria). The tracer was injected into the liquid phase (water) at the
column inlet (liquid phase) with the rate of injection presented in the form of a Dirac function (delta signal),
and the response of such a signal was measured at the column outlet. In such a way the £ — function (density
of the residence time distribution function or external age distribution function) was determined and further
processed with the goal of determining the Peclet number (Pe) and axial dispersion coefficient (Dy ).

One part of the liquid at the outlet of the RPC was transferred to the quartz cell of a UV detector (LKB
2138 UVICORD S) with a peristaltic pump (LKB 2132 Micro Perpex Pump) for continuous measurement of
the concentration of sorbic acid at 254 nm. The obtained data was continuously recorded (LKB 2210
Potentiometric Recorder). The quartz cell 2138-100 had a volume of 70 pl, with a light path of 5 mm.

Air from a compressor (4 bar) was used as the gas phase and introduced at the bottom of the column
through a corresponding nozzle at a constant pressure of 170 kPa using an adequate pressure regulator. The

Fig. 1. Scheme of the experimental set-up (column diameter, i.d. = 25.4 mm), the solid phase arrangement
and the dimensions of one plate mounted on the vibration set. Legend: C — compressor; E — excenter; EM —
electromotor; GD — gas distributor; LO — liquid outlet; P— pump: RC — recorder; RM — rotameter; S — sy-
ringe; UV — detector; V — valve; VS — vessel for the liquid phase.

gas flow rate was adjusted by a valve and measured by a rotameter (VEB Priifgerite-Werk Mechanik
Medingen). A specieal procedure and device was used to avoid flooding of the column at the beginning of gas
flow. This device is a valve operating in the on-off regime for a few seconds, but only at the beginning of gas
flow at the column bottom. After that period the valve was continuously open.

Tap water was used as the liquid phase. It was transferred from a reservoir 70 cm above the column into
the RPC. The level in this tank was kept constant, so the pressure of the inlet water stream was always con-
stant allowing a precise flow rate of the liquid phase.

Polypropylene spheres (density 890 kg/m? and diameter 8.3 mm) were used as the solid phase in the
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RPC. The content of PP spheres was 5.61 % (calculated to the column volume), and their distribution was or-
dered (5 spheres were placed in every second space between two adjacent plates, Fig. 1).

RESULTS AND DISCUSSION

The determined axial dispersion coefficient in the case of one phase (L) flow ranged from
0.81 to 5.79 cm?/s, for the two phase G-L system from 1.61 to 6.47 cm?/s, and for the two
phase L-S system from 1.55 to 14.12 cm?/s, and for the three phase G-L-S system from 1.19
to 8.58 cm?/s.The obtained data for the G-L system were almost identical to some previously
published in the literature which ranged from 2.31 to 7.61 cm?/s for Ug = 0.80 — 3.13 c/s, Af
=0.66-9.17 cm/s, and for counter-current flow of the gas (air) and liquid phase (the same type
of column with 65 plates, i.e., 64 sections between the plates; i.d. 2.54 cm).18

Only a negligible influence of the continuous phase flow rate (water) on the axial dis-
persion was determined in one (L) and two phase (G—L) systems as indicated in Fig. 2 and
also mentioned in some other investigations.2> A slightly greater influence of the liquid
flow rate was detected in two (L—S) and three phase systems (G-L—S). By introducing the
solid phase as a charge into the RPC, which was regularly distributed along the column
height, i.e., in the axial direction, the mixing of phases (L or G and L) inside the column
became more intensive and, consequently, the axial dispersion increased. There are only a
few data concerning the influence of the solid phase on mixing and axial dispersion in the
literature.26-27 In this investigation one can imagine that the PP spheres had a similar influ-
ence on liquid flow as do gas bubbles. The effects of channelling and recycling of the lig-
uid around the solid spheres is based on the same mechanism as those around gas bubbles,
the only difference being that the dispersion (disintegration) of solid spheres can not be im-
proved with a higher vibration intensity as is possible in the case of gas bubbles. The differ-
ence between the densities of the liquid phase and PP spheres (1000 and 930 kg/m3, re-
spectively) was much smaller compared to the same difference between the liquid and gas
phase. A very small probability of PP sphere accumulation just below the plate exists in the
case of those spheres placed in a space between two plates that is usually observed in a
G-L system at a lower vibration intensity (the so called M-S regime of column operation).
On the other hand, the diameter of the PP sphere (8.3 mm) is larger than the hole diameter
of the plate (8 mm), so physically it is impossible for the spheres to be transferred from one
to the other interplate space (Fig. 1).

An additional effect of the gas, solid or both phases together on liquid phase mixing in
the RPC is presented in Fig. 3. As may be seen from the calculated dispersion coefficient,
at smaller vibration intensity (Fig. 3a), the increase of axial mixing caused by the presence
of the solid phase (PP spheres) in the RPC is smaller than those induced by the presence of
a gas phase. Furthermore, the effect of gas superficial velocity on axial mixing (Dy ) de-
creases with increasing vibration intensity (Fig. 3b). Data on the axial dispersion were
gathered at a vibration intensity of /= 7.05 cm/s and could be divided into the following
ranges: Dy increases in the LS system in the presence of the solid phase (1.8 to 2.58 times
larger), and for the G—L—S system (1.6 to 1.8 times larger) compared to the Dy value for a
one phase (L) system. Moreover, for the same / value, the ratio of axial dispersion in G-L.
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--o--L —e—L§ U,=0

--4-- G-L —A—G-L-S U;=0274 cmys
0-- G.L —8—G-L-S U, =0.822 cnys
v-- G-L —v—G-L-§ U; = 1.48 cn/s

2

D, cm /s

Fig. 2. The dependence of the axial dispersion of
the liquid phase in a RPC on the superficial lig-
uid velocity (4 =2.35 cm, f= 3 Hz).

and L systems is about 1 (Fig. 3¢). Axial dispersion seems to be more pronounced for the
LS, somewhat smaller for the G-L—S and negligibbe for the G-L system. On further in-
creasing the vibration intensity to values greater than 9.4 cm/s, the axial dispersion in the
G-L-S, as well as in the G-L, becomes equal to the values of Dy in the case of a one (L)
phase system, the ratio of these axial dispersions being in the range of 0.7 and 1.2. Only in
the case of the LS system, does liquid back mixing, expressed in the form of the D — co-
efficient of axial dispersion, deviate to a larger extent from the corresponding value for a
one phase system (1.6 to 2.4 times — Fig. 3d). Increased vibration causes uniformity and
better gas bubble dispersion in the liquid phase and, consequently, axial mixing in the G-L
as well as in the G-L—S RPC are almost the same. Figs. 3a and 3d confirm that a complex
interference probably exists between the vortex created by the mixing device (vibration of
the perforated plate set) and those caused by the liquid flow.

The relations between the axial mixing and superficial gas velocity Ug in the case of
two (G—L) and three phase (G—-L—S) RPCs are given in Fig. 4. Axial dispersion increases
(G-L system) with increasing gas flow rate for the smallest vibration intensity (/=2 cm/s,
Fig. 4a), as well as for a 2 times higher vibration intensity (/=4 cm/s, Fig. 4b). However, at
1="7.05 cm/s (Fig. 4¢) there is no evidence that the superficial gas velocity influences the
axial dispersion of the liquid phase in the G-L system, while the axial dispersion decreases
in the G-L-S system. At the largest vibration intensity, /= 9.4 cn/s (Fig. 4d), the decreas-
ing tendency of the axial mixing is accompanied by an increasing superficial gas velocity
in the case of the G—L system. For the three phase system (G—L—S), a decrease of Dy_is ev-
ident up to a certain values of U (the existence of a minimum at Ug = 0.5 cn/s) and then
back-mixing of the liquid phase starts to slightly increase again.

Gas bubbles cause the main mixing of the liquid phase for the G-L system in the case
of the lowest vibration intensity. The up-flow of gas bubbles through the holes of the perfo-
rated plates is the main reason for the back-mixing of the liquid phase in this regime of col-
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Fig. 3. The relative ratio of the axial dispersion of the liquid phase in the RPC in the case of two and three
phase systems (G—L; L-S; G-L—-S) and a one (L) phase system as a function of the superficial liquid veloc-
ity:a)4A=1cm,f=2Hz,b)Ad=1cm,f=4Hz,c)4=235cm,f=3 Hz,d) 4 =2.35cm, f=4 Hz.
umn operation compared to the effect of mixing initiated by the vibration stirrer. However,
at the largest vibration intensity (/= Af), the bubble dispersion slightly decreases (Fig. 4; /=
9.4 cn/s) with increasing superficial gas velocity. The reduction of Dy at the highest Ug
might be caused by a reduced effect of liquid circulation and the formation of many small
bubbles in each interplate space when the column operates in an emulsion regime. Other
effects, such as the accumulation of gas bubbles under the plates are less probable with the
large open area of the plates used in this study (51 %). The same conclusions that Dy in-
creases with increasing Ug; at lower vibration intensities, almost independent of the vibra-
tion in the case of moderate intensities, and that Dy decreases in the case of larger gas flow
rates and high vibration intensities have been drawn in other investigations of axial mixing
in a RPC of the following geometry and operating conditions!!: D-=5.08 cm; L= 1.8 m;
h=27cm,d=6.35and 12.7 and 14.3 mm; £ =0.49; 4 =1.1 and 1.55 cm; f=0.5and 1

Hz; U, =0-0.27 enov/s; U =0—0.7 cro/s.

Such behavior might be explained by the formation of a liquid vortex, its movement
and, finally, its disappearance. At lower vibration intensities in the L—S system there is a
small number of vortexes and, also, the size of the individual vortexes is small because
only a limited number of solid spheres are present in the RPC. By introducing the gas
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Fig. 4. Relation between the axial dispersion and the superficial gas velocity for G-L and G-L-S systems in
aRPC:a)4=1cm,f=2Hz,b)A=1cm,f=4Hz,c)4=235cm, =3 Hz,d) 4=2.35cm, f=4 Hz.

phase in the RPC, thus making a three phase G—L—S system, the number of smaller-sized
bubbles increases as does the number of liquid vortexes. These vortexes are formed in the
simultaneous movement of plates, bubbles and solid particle. As the number of solid
spheres in the RPC in the case of L-S and G-L-S system is the same, the number of vor-
texes increases only as a consequence of the larger number of bubbles. It is then to be ex-
pected that the presence of gas in the RPC increases liquid mixing, i.e., axial dispersion. On
the other hand, in the case of the LS system, increasing the vibration intensity in the ab-
sence of gas bubbles causes the formation of a larger vortex thus causing greater axial mix-
ing. However, in the presence of the gas phase, a large number of small bubbles is created
which are formed by the disintegration of larger bubbles in contact with the plates and solid
spheres thus depressing the liquid circulation in the column. The vortex lifetime is de-
creased by gas bubbles passing through it. Simultaneously bubbles also influence the cre-
ation of vortexes, meaning that many smaller vortexes can probably be formed and they
can move in all directions. These different mechanisms of vortex formation and interfer-
ence again decrease the vortex lifetime and, consequently decrease the axial mixing effect.
However, it must be pointed out that the change in vibration intensity, defined simply
as the product of the amplitude (4) and frequency (f) of vibration (/ = 4+), as shown in Fig.
4, was caused by changing both operating parameters (4 and f). It has previously been re-
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ported?8-30 that the amplitude has a negligible effect on axial mixing in the case of single
and a more expressed influence in two phase RPCs. During dispersion mixing in a RPC, in
the case of this investigation characterized by a distance between two plates of 2.54 cm,
and 1 cm amplitude, there is one small zone of relatively low mixing inside this space
which the plates do not reach at all (plate movement from the maximum to minimum posi-
tion, i.e., 24). Stevens and Baird!4 defined this space inside one compartment of a RPC
(i.e., the distance between two adjunct plates) as a region of “pure” mixing as opposed to
the other part of one compartment which was designated as the “well” mixed zone. The
pure mixing region is represented by a relatively small volume of column space (0.5 cm
length) in the case of a 2.54 cm compartment (distance between two plates) and 4 =1 cm,
which can also be mixed well by vortex movement. In the other case presented in Fig. 4,
where 4 = 2.35 c¢m, the distance of the space with good mixing behavior (24) is 4.7 cm
with an overlapping zone of two adjacent compartments of more than 2 cm. These regions
are, according to the above analysis, mixed two times better compared to the other zones in
the RPC. The optimal distribution between the plate distance (/) and amplitude of vibra-
tion (4) the case when a “pure” mixed region does not exist would be / = 24.

The dependence of axial mixing on the vibration intensity for one-, two- and three- phase
systems is presented in Fig. 5. Generally, axial mixing (Dy ) is more expressed in the presence
of the solid phase (L—S and G—L—S systems), and also for systems without gas flow (aeration).

The relative increase of axial mixing is shown in Figs. 6 for G-L (6a), L-S (6b) and
G-L-S systems (6¢) compared to the axial mixing of a single phase RPC (L only). The
presence of the gas phase increases back-mixing of the liquid phase 0.75 to 4 times (Fig.
6a), the solid phase 1.25 to 2.75 times (Fig. 6b), and both of these phases together (Fig. 6¢)
1 to 4.75 times. The ratio of axial mixing in systems which include a gas phase (G-L and
G-L-S) and the one phase system (L) decreases with increasing vibration intensity. In a
RPC without aeration (L—S), this ratio is variable and higher for intensive mixing (larger
vibration intensity). For the G-L system this ratio is almost 1 for /> 7 cm/s.

The obtained results indicate that axial mixing depends on the vibration intensity, the
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Fig. 6. The ratio of axial mixing of a two-phase
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(L only) and the same ratio of a three-phase RPC
(c: G-L-S) and a one phase RPC (L); U, =
0.822; Ugz = 1.48 cm/s.

superficial gas and liquid velocity, column diameter and content of solid phase in the col-
umn. In the case of a one phase liquid system (L only), the following correlation between
the operating parameters and the axial mixing coeffcient was derived by applying statisti-
cal analysis:

DL=0.49(Af)l'” UL0.31 4

The difference between the value calculated according to equation 4 and the experi-
mentally determined value of the dispersion coefficient is £ 15.5 %. The same type of cor-
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relation was derived for all the other investigated systems as follows.
G-L system:

Dy =337(AH17 U 031 U007 £20.6 % )
L-S system:
Dy = 126N 42 U 051023 +325% (6)
G-L-S system:
Dy = 139411047 U042 U003 026 1286 % )

All of the above correlations may be applied only in the cases of reciprocating plate
vibration (/ > 0).

For 7= 0 another type of correlation was tested by using the ratio of the Peclet number
(as the y-axis, Pe~1) and the product of the Reynolds and Schmidt number (defined on the
x-axis). In a log-log plot such a correlation showed linear dependence with a small differ-
ence between the calculated and experimentally determined values of axial mixing. Such a
correlation was also tested for some other data published in the literature (Fig. 7).

®  RPC G-L, Skala, 1980
10 L ®  RPCG-L, Skala, 1980
1 B ® BC, Ohki and Inoue, 1970
QU 1 ® A BC, Kato and Nishiwaki, 1971
a ® ¥ BC,Cova, 1974
o) %% O PB, Michell and Furzer, 1972
™~ 0,
=
a4 °©
] o
L]
© RPCL o
A RPC G-L \
- RPCL-S
0.1y v RPCGL-S . 'Fig. 7. Dispersion number (Pe’") of the
p - — - — . 'RPC related to the product of the Rey-
0.1

10 nolds and Schmidt number (ReSc) for

1
(Re)(Se)=U D /D, the case of 7= 0 cm/s.

According to the values of the axial dispersion coefficient measured in the RPC and
those values determined in other types of columns (bubble column and packed bed), it can
be concluded that the much smaller back mixing in a RPC favorizes a specific type of het-
erogeneous catalyzed reaction between the gas and liquid phase. A brief schematic over-
view of the mixing effect is presented in Figs. 8 and 9.

CONCLUSIONS

Good agreement between the determined axial dispersion coefficient in a RPC and
that published in the literature for the same column geometry and similar operating param-
eters was obtained for one phase (L-liquid only) and two-phase systems (G—gas and
L-liquid phase counter-current flow). New data on the axial mixing effect are presented
for a three-phase RPC system.
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The presences of the gas-phase in a RPC increases the axial mixing, which is more ex-
pressed at higher gas and liquid (counter-current flow) superficial velocities. Gas bubbles influ-
ence channelling and liquid recycling, which means a higher degree of axial mixing.

The additional effect of the solid phase on axial mixing is smaller compared to the ad-
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ditional effect of the gas phase for smaller vibration intensities. The largest increase of axial
mixing occurs in aerated two- and three-phase systems at lower vibration intensities. An
almost identical effect of mixing exists in the case of the L, G-L and G—L—S systems. A
larger deviation was observed only for the L—S system.

The presence of a solid phase in the RPC increases axial mixing to a smaller extent at
lower vibration intensities, low liquid flow rate and at higher vibration intensities. Such an
effect is very important in the case of RPC usage as a bioreactor where axial mixing inside
a column could be adjusted to a value enabling the highest reactor productivity.

In the presence of the gas phase, axial mixing of the liquid phase depends mostly on
the presence of bubbles and their movement (lower vibration intensity). However, at
higher vibration intensities many smaller bubbles are created, which have the tendency of
decreasing the lifetime of the vortexes in the liquid phase, thus leading to lower axial dis-
persion of the L phase. Comaparison between L and G-L, as well as between L-S and
G-L-S systems (i.e., systems without and with aeration) indicate that in the cases of the
aerated systems, the vibration intensity has a smaller effect on axial dispersion. The corre-
sponding dependencies of axial dispersion and vibration intensity indicate the existence of
a similar mechanism (curve type) and the value of the dispersion coefficient is only higher
in the presence of a solid phase.

The correlations for determining the axial dispersion coefficient was derived for the
different systems used in this study, of which the more important ones are for L—S and
G-L-S systems.

SYMBOLS
A — Amplitude of vibration, cm
C — Concentration of tracer, mol/dm?
Dy — Axial dispersion coefficient, cm?/s
Dy () — Axial dispersion coefficient one phase system (L), cm?/s

Di(I)  — Axial dispersion coefficient two-phase system (G-L), cm%/s
Dy(Ill)  — Axial dispersion coefficient two-phase system (L-S), cm?/s
Di(IV)  — Axial dispersion coefficient three-phase system (G-L-S), cm%/s

D, — Column diameter, cm
d — Plate hole diameter, mm
dy — Characteristics of the column package, cm

— External age distribution function, min’!

E,

h — Distance between two adjunct plates, cm
f — Frequency of vibration, Hz

1 — Intensity of vibration, / = Af, cm/s

L — Column height (operating part), cm

I, — Mixing length caused by the force of surface tension, cm
Iy — Mixing length caused by mechanical mixing, cm

Pe — Peclet number

q — Back flow through the perforated plate

t — Time, min

U, — Superficial velocity (continuous phase), cm/s
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Uy — Superficial velocity (dispersed phase), cm/s
Ug — Superficial velocity (gas phase), cm/s
U — Superficial velocity (liquid phase), cm/s
14 — Volume of the column, cm3
Greek symbols
o} — Plate thickness, mm
€ — Ratio of free area of the plate
&g — Volume fraction of the solid phase in the dispersion
&G — Volume fraction of the gas phase in the dispersion
&D — Volume fraction of the dispersed phase
&b — Dissipated energy in the process of overcoming surface tension, W/kg or cm?/s
& — Totally dissipated energy, W/kg or cm%s>
e — Viscosity, Pa s
P1 — Liquid phase density, kg/m?
L — Gas flow rate, cm3/s
N3BONO

AKCHUJAJTHO MEITAE TEYHE ®A3E Y TPOPAZHOJ KAPOBOJ KOJIOHM CA
BUBEPAIITMOHOM MEIATMIIOM

JbYBUIIA b. HIKOJIMR |, BECHA J1. HUKOJIMR !, BITAJIA B. BEJbKOBUR !, MUOTIPAT J1. TABUE ! u
IEJAH Y. CKAJIAZ

1 Texnoaowku gaxyaitieiti, Byaesap ocaobobersa 124, 16000 Jleckosau, u 2 Texroawko-meitianypuiku ghaxyaiteit,
Kapnezujesa 4, 11000 Beozpao

VcnuruBaH je yrunaj nHTeH3UTeTa BUOpaIje 1 MpOTOKa raca Ha akCUjastHy AUCIep3ujy TeuHe
¢aze y mpucycTBy chepHUX YeCTUIIA OIHIPOIITIEHA Koje Cy Kao Iapxka uBpcTe hase yHeTe 1o
onpeberom pacriopeny y KapoBy komoHy (KosoHa ca BUOpalnoHoM MetnanuioM). OnapebuBaibe
KoeduljeHTa akChjaliHe Aucrep3uje TeuHe ha3e 3aCHOBAHO je Ha NPUMEHH MeTofe modyue u
on3mBa Tj. Ha 6a3M eKCIepuMEHTAITHO ofpeheHe (pyHKIMje TycTrHE pacrofiesie BpeMeHa 3aipka-
Bama TEYHOCTH y KOJIOHU. BojieHn pacTBOp COpOMHCKE KHCETHMHE, KOjU je Y OOJIMKY UMITYJICHOT
CUTHAJIa JIOfJaBaH y TEYHOCT KOja IIPUTUUE Y KOJOHY, YIOTPeObEH je Kao o0enexeHu ieo (uynga
(Tpacep), a cieKTpohOTOMETPH]CKI M3MepeHa KOHIIEHTpaIja COPOMHCKE KHCEIIMHE Ha M371a3y 13
KOJIOHE ca BUOPAIIOHOM MEIIAIHIIOM je Orila OCHOB 32 ofjpebuBame (hyHKIje TYCTUHE paciofelie
BpeMeHa 3apkaBama (E—pyHkumje). AHam3zom ekcriepumeHTaiHo ofpebere E—pyHkupje n one
KOja BaxKH 3a MOJIEN CTpyjama y KOMe IOCTOjU aKCHjaJIHO Melllame TeuHe haze U3padyHaBaH je
Koe(pUIMjeHT akchjasHe aucnepsuje Teune ase. OBako M3MepeHn 1 N3pavyHaTH TOfAI| O CTPY-
jarby TEYHOCTH Y KOJIOHH NCKOPHIIThEeHH €y y IMIbY M3BObEra OfiroBapajyhix KOpenaioHuX 3aBu-
CHOCTH KOj€ MOT'y YCIEIIHO Ja ce MPUMEHE 3a IPEfICKa3iBabe KOShULMjEHTA aKCHjalTHE IUCTIEp3H]je
y KOJIOHH ca BUOpalMOHOM MelnanuioM tuna Kap, ynyrpaisser npeunuka 2,54 cm. OBe Kope-
Janyje noBesyjy KoeuiujeHT akcujaliHe Auciepsuje, MpOoToK raca U TevyHe (pase U MHTEH3UTET
BrOpanyje 3a ABoa3HN CUCTEM rac-TEYHOCT, OTHOCHO MPOTOK TeuHe aze, cafjpsKaj uBpcTe aze n
MHTEH3UTET BUOpalje 3a CUCTeM TeUHOCT-UBpCTa hasa, U MPOTOKA raca U TeuHe hase, HHTECH3U-
TeTa BUOpaLje U yaena chepHUX YeCTHULA NONMUIIPONMIEHA Y KOJIOHH Y CIIydajy aHallu3e CTpyjamba
Teune pase y Tpoha3HOM CHCTEMY Iac-TEUHOCT—UBPCTa (hasa y OBOj KOJIOHM.

(ITpumsbeHo 27. maja 2003, peBunupaso 2. pebGpyapa 2004)
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