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Abstract

In this study, the electrochemical limiting diffusion current technique, which was employed first time for the mixing time
measurement in the stirred tank system by the authors, was applied to determine the effect of some parameters on the
global and local mixing times in the range of 3500 < Re < 10,000. The technique well sensed that increasing Reynolds
number (Re), blade angle and blade number decreased the mixing time. The most effective parameter was observed to
be Re, and the blade number and blade angle, in order. In addition, the mixing time was also investigated for solutions
added in various volume fractions having different viscosity and density by using local mixing time measurement. It
was determined that the mixing time decreased with the Reynolds number, the ratio of the initial solution volume to
the total solution volume and the ratio of kinematic viscosity of the solution in the vessel initially to that of the added
one viscosity. The ratio of initial solution volume to total solution volume was found to be a more effective parameter
than the others in terms of mixing time.
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List of symbols Re Reynolds number

A Electrode area (m?) Ve Initial volume of the solution in the vessel (L)

Ch,  Bulk concentration of active species (mol/m?3) Ve  Total volume of the initial and added solutions (L)
D, Agitator diameter (m) ¢ Blade angle (°)

D, Tank diameter (m) u Fluid viscosity (kg/m s)

F Faraday constant (=96,485 C/mol or s A/mol) % Kinematic viscosity (m?/s)

fi Dimensionless mixing factor Vint Kinematic viscosities of the initial solutions (m?/s)
g Gravitational acceleration (=9.81 m/s?) Vaaa  Kinematic viscosities of the added solutions

H Solution height (m) (m?/s)

i Limiting current (A) 6., Mixing time (s)

k. Mass transfer coefficient (m/s) Gml,oc Local mixing time (s)

N Rotating speed (rps) I Fluid density (kg/m3)

n Blade number

n, Number of transferred electron

P Power number

o]
RT Rushton turbine
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1 Introduction

Mixing as a discipline started to emerge with the funda-
mental and practical knowledge going back to 1950s.
The studies about mixing has increased continuously
and the investigations during the last 30 years made
possible to design a mixing equipment for a process unit
[1]. Mixing is one of the basic processes commonly used
in chemical, pharmacy, petroleum, food, etc. processes,
to get a homogenisation degree at any stage of the pro-
cess, when necessary [2, 3]. Stirred vessels are the most
commonly used process equipment for mixing purposes.

Mixing time is an important parameter in analysing
the effectiveness and hydrodynamic of a vessel, and the
time to reach at a certain homogenisation degree after
an interruption to the system. The mixing time can gen-
erally be defined as the period necessary to achieve a
certain degree of homogeneity after adding a tracer into
the stirred vessel [4, 5]. The homogeneity of a system can
be explained and determined by the gradients of con-
centration, temperature, pH, viscosity, colour and phase
[1]. The important parameters affecting mixing time in
a stirred vessel are the size and geometry of the vessel,
the type, geometry, size and speed of impeller, the pres-
ence, size, shape and number of baffles, and the physical
properties of fluid [6-9].

The principle on which the mixing time is based can be
the determination of the change of the properties of the
fluid by imposing a tracer effect on the original system;
that is, the measurement of the time to achieve a new
stable or homogeneous mixture after imposing a tracer
effect into the originally stable and homogeneous mix-
ture. Many mixing time measurement techniques have
been developed, and the most commonly used ones are
conductivity [10], thermographic method [11], colorimet-
ric technique [12], acid-base neutralisation reaction [13],
planar laser-induced fluorescence (PLIF) [14], electrical
resistance tomography [15], and particle image veloci-
metry (PIV) [16]. Every technique has its own advantages
and disadvantages. A good review of these techniques and
their comparisons are given by Ascanio [17].

However, for the measurement of mixing time, a novel
and new measurement method in addition to the conven-
tional ones was developed and proved by Aydin and Yapici
[18], which is based on electrochemical limiting diffusion
current technique (ELDCT). In their work they proved that
this method is simple, cheap, flexible, straightforward and
fast, and also able to measure mixing time both locally and
globally in both intrusive and non-intrusive mode.

The purpose of the present work is to investigate
the effect of fluid viscosity, blade number and blade
angle on the mixing time in a four-baffled stirred vessel
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agitated by a Rushton turbine type impeller, and further
prove that ELDCT is a good way of measuring mixing
time, by employing this recently developed method it
for this sort of measurements, which is a new application
field for the technique. Another aim of the present work
is to measure mixing time by adding a liquid with differ-
ent viscosity in large amount into the main fluid present
in the vessel; that is, mixing of two fluids having different
viscosities. The reason to do this is the fact that this sort
of mixing be encountered commonly in industrial opera-
tions, and therefore, to get an insight of mixing time for
the systems of this kind.

2 Theoretical background
2.1 Mixing time in stirred tank

From a globally mixing point, the bulk mixing time for a
stirred vessel is the necessary period required to get the
tracer uniformly distributed throughout the vessel.

O =~ ()

where 6, is the mixing time, K is a constant depending
upon the flow regime in the vessel, and the size, geom-
etry of the vessel including impeller, and N is the impeller
speed in revolution per second [19]. K can be approached
to be constant in the laminar and turbulent regimes, but
not in the transition regime. Mixing time can be correlated
in dimensionless form as a function of Reynolds number
[20]

N6,, = a(Re)? )
where a and 8 are the parameters depending on system

parameters, and Re is the Reynolds number expressed as
follow:

2
_ pND;
U

3)

Re

where p is the density of fluid; D, is the impeller diameter
and y, the dynamic viscosity of fluid. For a stirred vessel
with common type impellers, the flow regime is laminar
for Re < 10, turbulent for Re > 1 x 10* and transitional in the
range of 10<Re<1x10%[21].

Turbine impeller can be classified by the flow type in
vessel which it produces [1]. Concentrically positioned
turbine impeller having a blade angle of 90° generates
radial flow while it produces both radial and axial flow
simultaneously if the blade angle is different than 90°.
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For a turbine impeller, the dimensionless mixing factor
can be defined as.

., (ND§)2/391/6D;/2

"= H1/2D32 @
where f, is dimensionless mixing factor, D;; vessel diameter
(m); g, gravitation constant (m/s?); and H, the height of lig-
uid in the vessel (m). If one considers the change of f, with
Re, it is seen that it changes from approximately 700 to 7
as Re goes up from 1 to 10% while it changes, in a very nar-
row range, approximately from 7 to 4 when Re increases
considerably from 10% to 10% Therefore, for Re > 1000, f, can
approximately be taken as constant [21].

Paul et al. [1] gives the following equation for the mix-
ing time in transient regime as a function of power num-
ber, Re, impeller and tank diameters

NG 1832 < Dt>2
= D (5)
" pPRe\D,

where P, is dimensionless power number.

3 Experimental technique
3.1 Materials and method

There are many studies on the theory and application
of ELDCT in the literature [22-26]. The application of
ELDCT for the measurement of mixing time, which is
a new application field, is given in detail by Aydin and
Yapici [18]. If briefly explained, for the ELDCT conditions,
the concentration of active ion on the electrode surface
is practically zero due to rapid electrochemical reaction
on the surface, for which the relation between limiting
current and system parameters takes the following form:
i; = k.cqpAn F (6)
where A is electrode area (cathode), m? ¢, concentration
of active ion in bulk solution, mol/m?3; F, Faraday constant,
(=96,485 C/mol); k., convective mass transfer coefficient,
m/s; ij, limiting current, A.

If the system is operated under a fixed hydrodynamic
condition, electrode surface area; consequently mass
transfer coefficient is also become a constant. Under
these conditions, changing bulk solution results in a
change in the limiting current value. So by following the
limiting current during the period for the system to get
from one uniform condition to the after injecting tracer,
the mixing time can be determined.

For the electrochemical system, the well-known potas-
sium ferri/ferro cyanide couple supported by the inert
electrolyte of potassium carbonate was employed, which
is the most suitable and widely applied system for this
kind of studies [27], and has the following reaction at the
electrodes.

[Fe(CN)6]3_ +e > [Fe(CN)6]4_ at cathode 7)

[Fe(CN)6]4_ — [Fe(CN)] " 4+ e~ atanode (8)

The chemicals used in the measurement were MERCK
made, analytic grade with purity higher than % 99. The
initial electrolyte consisted of a solution 0.0002 M of fer-
ricyanide, 0.0008 M of ferrocyanide and 0.1 M of K,CO;,
which is supporting electrolyte. The composition of tracer
solution was 0.1 M K;FCNg, 0.4 M K,FCNg and 0.1 M K,COs.
The concentration of the solution was so arranged that
the system becomes a cathodic controlled process; for this
purpose the concentration of ferricyanide reduced at the
cathode was kept one-fourth of that of ferrocyanide, and
furthermore the area of the anode was arranged to be at
least 3 times larger than that of the cathode. For global
mixing time measurement, one baffle was used as cathode
while the other three were used as anode.

The experiments for the determination of the over
potential difference corresponding to about the plateau
value of the limiting current were performed for two elec-
trolyte solutions, namely the solutions with 0 and 50%
glycerol at 6 different rotation speed (60-890 rpm) and
for 5 different active ion concentrations (0.0008-0.0040 M),
and was determined to be —0.35V.

3.2 Experimental

The experiments were carried out in the cylindrical ves-
sel with an inner diameter of 150 mm which was made of
Plexiglass material having a cooling/heating jacket around
it. The 60 mm diameter Rushton turbine used as a mixer
was placed concentrically, for which the ratio of the impel-
ler diameter to the vessel's is 0.4, and four baffles made of
nickel were equally spaced into the tank. The height of the
solution in the vessel was kept equal to the inner diameter
of the vessel.

The experiments were performed in two series. In the
first series, it was aimed to measure the effect of the blade
number and blade angle of a Rushton type impeller on
mixing time, by employing global mixing time measure-
ments, for which one baffle was used as sensor while
the other three as counter electrode [18]. In the second
part of the experiments, the purpose was to measure
the mixing time when a large amount of liquid having a
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Fig. 1 Stirred vessel with baf-
fles used in measurements [18]
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Fig.2 Rushton turbine type impeller having a different vane angle and b different vane number

different viscosity than that of the main liquid in the vessel
was added in the vessel, which is a situation commonly
encountered in industrial applications; that is mixing time
of two different solutions in large proportion. For the sec-
ond group, the local electrode was employed to measure
mixing time since the total volume, therefore the active
area of baffle used as cathode, was changed with the addi-
tion of second solution into the vessel.

The standard size ratios and details of the stirred vessel
can be found in Geankoplis [21], and its schematic drawing
is given in Fig. 1. The temperature was kept constant by
circulating thermostat and all the experiments were per-
formed at 20+ 0.5 °C. The stirring speed was adjusted by
a digital controlled stirrer of Servodyne, 50003-00 model.
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The impeller for the mixing was turbine one of Rushton
type having a diameter of 60 mm. Four different blade
angle of 30°,45°,60° and 90°, and for different blade num-
ber of 3,4, 5 and 6 were employed to investigate the effect
of the blade angle and number on mixing time (see Fig. 2).
The height of the fluid was taken equal to the diameter of
the vessel. The impeller was so located that it was centred
axially within the vessel and its height from the bottom of
tank became 50 mm (=H/3).

For the electrochemical measurement, GAMRY made
(Interface 1000) potentiostat/galvanostat was used and
the readings were recorded by a computer to process data.
After starting the experiment, a tracer of 5.2 mL was added
into a solution of 2600 mL just at the 60th second, the
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Table 1 Viscosity and density values of solutions used in experi-
ments

Table2 An example for proportions of original solution initially
present in vessel and solution added onto it

Glycerol ratio of solution  Viscosity (cP) Density (g/mL)
(%) (w/w)

No glycerol 1.0545 1.0115

10 1.3100 1.0220

20 1.8170 1.0550

30 2.5687 1.0820

40 3.7280 1.1050

50 6.1070 1.1393

change in limiting current was recorded, and the graph of
the change was analysed by Boltzmann fitting method to
determine the mixing time.

In the second series of the experiments, the mixing time
in the a system with the addition of a solution having dif-
ferent properties in considerably larger proportions; the
volume ratio of the added solution into the vessel with
regards to the total amount changed between 10 and
30%. The mixing time measurement was carried out with
a local electrode of 10 mm diameter. The experiments
were performed in a similar manner mentioned above
as the first series of experiments, except the addition of
a solution having different viscosity, and in large amount.
The temperature and stirring speed were kept constant at
20 °Cand 100 rpm, respectively. However Reynolds num-
ber changed due to the solutions having different thermo-
physical properties. The sum of the solution initially pre-
sentin the vessel plus the one which was added into it was
so arranged that it be constant at 2600 mL. The solutions
used in this experiments were again the electrolytes with
glycerol ranging from 0 to 50% in weight. The viscosity and
density values of the solutions are given in Table 1.

The tip position of the local electrode in the vessel was
90 mm height from the bottom and 37.5 mm away from
the side wall and it was so arranged that the tip point
became on the radial line from the midst of two neigh-
bouring baffles to axial centre of the vessel. Though these
measurements the global mixing time values were not
obtained, it gives an idea about the effects of the volumes
and viscosities of the initial solution in the vessel and the
added solution into it on mixing time. All the experiments
were repeated at least twice, and their arithmetic averages
were used in the calculations.

As an example for the ratios of the original solution ini-
tially present in the vessel and the solution added onto it
is given in Table 2. The stirring speed values correspond-
ing to the Reynolds numbers for each solution is given in
Table 3. The Reynolds number range corresponds to the
transitional regime range for stirred vessels.

Initial Added Volume Volume  Volume  Total
solution,  solution, ratio of ofadded ofinitial volume
glycerol  glycerol  added solution  solution  (mL)
(%) (w/w) (%) (w/w) solution  (mL) (mL)
(%) (v/v)

50 30 10 260 2340 2600
50 30 20 520 2080 2600
50 30 30 780 1820 2600

4 Results and discussion
4.1 Effect of blade angle

These measurements were performed to investigate the
effect of blade angle on the mixing time for the blade
angles of 30°, 45°, 60° and 90° of a Rushton turbine stir-
rer for 60 mm impeller diameter with 6 blades. The impel-
ler diameter and blade number were kept constant. The
experiments were carried out for the solutions with glyc-
erol of 10, 20, 30, 40 and 50%, and with no glycerol. All
measurements were repeated twice and their arithmetic
averages were used in the analyses. The change in the lim-
iting current values with the addition of tracer are shown
in Fig. 3, as an example, for the recordings mixing time in
the solution with no glycerol for 90° blade angle at differ-
ent stirring speeds. The time difference between the addi-
tion of tracer and reaching at new steady state was taken
as mixing time for the given experimental conditions.

For the other experimental conditions in the range
mentioned above, the limiting current recordings were
also taken and then mixing time values were determined,
and finally the results were demonstrated in graphs as
given in Fig. 4, which presents the results for the solutions
of 6 different viscosities.

Figure 4 shows that increasing Reynolds number has
an effect of reducing mixing time. For the same Reynolds
number the mixing time values are quite close each other
for the solutions having different viscosities at the same
blade angle. The differences are due to the fact that the
constant K in the equation of §,,N = K is not exactly con-
stant for the transient flow regime.

To be able to see the effect of blade angle more clearly,
the mixing time values for the solution with no and 50 per
cent glycerol, as an example, are presented in the graph
of mixing time versus blade angle in Fig. 5. As seen in this
figure, there is a slight effect of the blade angle on mix-
ing time, and increasing blade angle causes a decrease
in mixing time value. This effect is more pronounced at
low Reynolds number values and diminishes as Reynolds
number increases.

SN Applied Sciences

A SPRINGER NATURE journal



Research Article

SN Applied Sciences (2019) 1:1364 | https://doi.org/10.1007/s42452-019-1378-3

Table 3 Reynolds numbers

Gl 1 (%) (w/\
corresponding to stirring yeerol (%) (w/i)

Stirring speed (rpm)

speeds for each solution Re 0 10 20 30 40 50
3500 60 70 100 140 200 310
5200 90 110 150 210 290 460
6900 120 150 190 270 390 620
8600 150 180 240 340 480 770
10,000 180 210 280 400 560 890

Fig.3 Mixing time in the solu-
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g 0,0077 :J\WM\/\\#W —— 120 rpm
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40 50 60 70 80 90 100 110- 120
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W\PWJ\MMW Mg

61.54 180 rpm

4.2 Effect of blade number

To investigate the effect of the blade angle on mixing
time, a Rushton type turbine with an impeller diameter
of 60 mm and blade angle of 90° was used; the blade
numbers were chosen as 3, 4, 5 and 6. Figure 6 gives the
recordings of the change in limiting current values with
the addition of tracer, for the blade number of 3 at 5 dif-
ferent rotating rates of the impeller.

The mixing time values at different blade number
from these recordings are given in Fig. 7 in graphs. These
graphs show that increasing blade number has a decreas-
ing effect on mixing time at a given Reynolds numbers. It
seems that this effect is more pronounced at low Reynolds
numbers and shows a tendency of gradually diminishing
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as Reynolds number increases. This can be explained by
the fact that the interaction between moving solid surface
and solution results in more mixing and higher turbulence
with increasing blade number.

Figure 8 gives a different insight of the change of mix-
ing time with blade number at given Reynolds numbers,
for the solutions with no glycerol and 30% glycerol, as
examples. These graphs show more clearly the effect of
blade number on mixing time. For the other solutions,
similar behaviour was observed as well.

An empirical equation was developed, which includes
the effect of blade number and blade angle, in addition
to Reynolds number, by analysing all the data with Sta-
tistica programme within 95% confidence interval. The
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Fig.4 Change of mixing time values with Reynolds number for different blade angles for solutions a with no glycerol, b with 10% glycerol, ¢
with 20% glycerol, d with 30% glycerol, e with 40% glycerol and f with 50% glycerol

analysis gave the following equation with a regression
coefficient value of R=0.9410,

6. = k,Re~"13¢~042=059 )
where 6,,,is the mixing time (s); k; =7.36 X 10% s for the pre-
sent vessel and impeller type, a coefficient which might
depend on type of vessel and impeller, and flow regime;
¢, blade angle (°); n, blade number.

In the literature the power of Reynolds number for
transition region is given as — 1.0 [1]. The power of this

correlation is quite close to that of the literature. How-
ever, when the power of Reynolds number was fixed at
— 1, the correlation takes the following form with a little
bit low regression coefficient of R=0.9201.

em — k2 Re—1.0¢—0.50n—0.70 (1 0)

In this case k,=7.97x 10° s. The predictions of the cor-
relation in Eq. (9) are compared with the experimental data
in Fig. 9; the predicted results exhibited an average devia-
tion within 11.5% from those of measured ones.
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Fig.5 Mixing time change 20+
with blade angle for solutions 1
without and with 50% glycerol, 18 H
a solution with no glycerol 1
and b solution containing 50% 16 4
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4.3 Mixing factor

Combining Egs. (4) and (10) gives the dimensionless mix-
ing factor for a Rushton turbine type impeller having dif-
ferent blade angles and numbers ranging 30°-90° and 3-6,
respectively:
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(b)
gl/6v (DG/H)1/2

fi

= 1240507070 (ND2)1/3D*2 (11)
a

The change in f, with Re is given in Fig. 10 as the aver-
aged values of f, for each Reynolds versus Re. As seen from
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Fig.6 Recordings of limiting 0,0024 -
current change with addition 0,0021 a
of tracer for solution of no 00018
glycerol at different rotating 0'0015 A
speeds, using impeller with 3 : E

blades, 90° blade angle

Current (A)

this graph, the value of f, goes from approximately 6 to 4 as
Re goes from 3x 10° to 10% showing very good agreement
with the values of the correlation given in Geankoplis [21].
This result also proves the validity of ELDCT for the mixing
time measurement.

4.4 Local mixing time of bulk mixing of solutions
with different viscosities

In this series of the experiments, it was aimed to observe
the mixing time values for the solutions of having dif-
ferent viscosity values and of mixed in bulk volumes. A
solution in large amount between 10 and 30% of the
total solution, instead of in trace amounts, was added to
the main solution initially present in the vessel. For this
purpose, the experiments given in Table 4 were carried
out; the corresponding mixing time values are given in
the same table. The sum of the initial solution plus the
one which added into it was kept constant at 2600 mL.
For the sake of simplicity, the physical properties of the
initial solution used for the calculation of the Reynolds

Time (s))

number, because the values and physical properties of
the vessel content were changed after the addition of
new solution, depending upon the amount and proper-
ties of the added solution. Though the stirring speed was
kept constant at 100 rpm, Reynolds number changed
due to the changes in the viscosity and density values
of the solutions.

Although these measurements give mixing time values
at a certain location, not the global ones, it gives an idea
about the effects of the volumes and viscosities of the ini-
tial solution in the vessel and the added solution into it.

Some attempts were made to correlate the local mixing
times with the Reynolds number, kinematic viscosities of
each solutions separately, volume ratios of the initial and
added to the total volume, and it was observed that the vol-
ume ratio of the added solutions has almost no effect in the
investigated range, and that the power of the kinematic vis-
cosities have almost the same value, but the signs are oppo-
site. Thus the local mixing times were correlated by taking
into account the Reynolds number on the basis of the initial
solution, the volume ratio of the initial solution to the total’s
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Fig.7 Effect of blade number on mixing time at different Reynolds numbers for 6 different solutions, a with no glycerol, b with 10% glyc-
erol, ¢ with 20% glycerol, d with 30% glycerol, e with 40% glycerol and f with 50% glycerol

and the ratio of viscosities of the initial’s to the added one,
and the following correlation was obtained with a regression
coefficient of 0.8603.

>—o.35

-2.17
(z) (2

Vtot Vadd
where 6, . is the local mixing time, s; k;=612.3 5, a coef-
ficient dependent upon vessel and impeller type, and flow
regime; V,,, is the initial volume of the solution in the ves-

sel, L; Vo is the total volume of the initial and added solu-
tions, L; v;,; and v, are the kinematic viscosities of the

0

_ —0.62
- k3 Reint

(12)

m,loc

nt
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initial and the added solutions, m?/s, respectively. When
the analysis repeated with the Reynolds number based
on the properties of the end solution, the correlation takes
the following form with a little higher regression coeffi-
cient of 0.8701.

>—o.19

Vo222,
— k4Re—0.60 <Lt> < int

end Vrot Vadd
where k,=514.2 s. These empirical equations show that

increasing Reynolds number reduces the mixing time; that
is speed up mixing. However the power of the Reynolds

6 (13)

m,loc
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Fig.8 Change in mixing time values with blade number at given
Reynolds number for solutions a with no glycerol and b with 30%
glycerol

number shows deviation from the expected value of
—1.0; this can be attributed to the fact that correlation
was developed on the basis of the properties of the initial
and end solutions, separately, in the vessel, and that the
Reynolds number changes after the addition of second
solution depending upon the differences in their glycerol
percentage. Furthermore, the measurements are local
and they may not represent exactly the same behaviour
as the global mixing time of the vessel. The most effec-
tive parameter is the volume ratio of the initial solution
in the vessel. The correlation shows that when the initial
amount of the solution is much more than the added one,
that is as the amount of the added solution is smaller, the

20

T T T T T T T T T v T T T T 1
2 4 6 8 10 12 14 16

Estimated Mixing Time (s)

Fig.9 Comparison of predicted values by Eq. (9) and experimental
values of mixing time

Tt

T £ T ¥ T ¥ T ¥ T % T T 1 T 5 1
3000 4000 5000 6000 7000 8000 9000 10000 11000

Re

Fig. 10 Change of dimensionless mixing factor f, with Re

mixing becomes faster. Moreover, when the difference
between the kinematic viscosities of the initial and the
added solutions is higher, the mixing gets faster as well,
reducing mixing time. This behaviour reflects the effect of
the density as well. This can be explained by that as the
difference between the densities of the solution increases,
the centripetal and centrifugal forces become more effec-
tive, thus speeding up the mixing.

The mixing time is effected by hydrodynamics of the
system governed by a lot of parameters including the
geometry of the system, the type of the agitators, type
of blades, orientation of the agitators which can be con-
centrically or eccentrically oriented, shape of the vessel,
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Table 4 Mixing time values

Volume ratio of
added solution (%)

Glycerol ratio of
added solution (w/w)

Mixing time from
local cathode (s)

fgr solytions having o{ifferept Exp. no ﬁli)tlicjr: ;lﬁttifno(fv\tll;vi)

viscosity values for mixing in

bulk volumes 1 50
2 50
3 50
4 50
5 50
6 50
7 50
8 50
9 50
10 30
11 30
12 30
13 30
14 30
15 30
16 30
17 30
18 30
19 10
20 10
21 10
22 10
23 10
24 10
25 10
26 10
27 10

50 10 12.05
50 20 15.45
50 30 17.2
30 10 6.75
30 20 7.80
30 30 14.10
10 10 5.90
10 20 7.68
10 30 8.00
50 10 5.69
50 20 743
50 30 10.23
30 10 542
30 20 6.90
30 30 10.61
10 10 6.24
10 20 7.60
10 30 8.57
50 10 6.95
50 20 7.30
50 30 15.92
30 10 4.03
30 20 6.46
30 30 7.95
10 10 545
10 20 6.65
10 30 7.30

flow regime of the mixed fluid. Therefore the values of the
coefficient k in Egs. 9-13 will be depend upon the effect
of these parameters, which is fairly complicated; it might
differ depending upon the system characteristics similar
to the coefficients in the empirical equations of heat/mass
transfer. When these equations were developed as a func-
tion of the same variables with a slight change in system
geometry, their coefficients differ greatly even though the
flow regime and fluid characteristics were kept constant;
in some instances, the coefficient has different values at
different flow rate intervals without any change in flow
regime and system geometry. Similarly, for example, for
a system having a the same stirring speed range and ves-
sel type as above, but with e different impeller type, the
coefficient k will probably be different when mixing time
equation is developed as a function of the same variables.
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5 Conclusions

This work was performed by employing a new measure-
ment technique for mixing time; that is, the application
of electrochemical limiting diffusion current technique
to mixing time measurement, developed the first time by
the authors [18]. The effects of some mixing parameters
on the mixing time of a baffled vessel equipped with a
Rushton turbine type impeller were measured and some
empirical correlations were developed. According to the
findings of the present work the following conclusions
can be summarised;

* Increasing blade number and blade angle had a
reducing effect of the mixing time.
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e Increasing Reynolds number reduced the mixing
time.

e The developed empirical correlation showed that the
most effective parameter for a faster mixing is Reynolds
number with a power of —1.13, which is very close to
the values reported in the literature.

e The blade number was found to be more effective for
reducing mixing time than blade angle in the investi-
gated range.

¢ Dimensionless mixing factor values were found to be in
very good agreement with those given in the literature.

e The local mixing time values for the solutions mixed
in considerably higher proportions instead of adding
trace amounts into the main solution showed that
mixing time reduced with increasing Reynolds num-
ber, initial solution volume proportion and the ratio
of the kinematic viscosity of the initial solution to that
of the added one.

These results show that the electrochemical limiting
current technique has a promising potential for mixing
time measurements as a good, easy, simple, straightfor-
ward, fast and effective method.
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