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Abstract: Results of continuous homogenization time measurement of liquid in a stirred tank
depend on the scale of scrutiny. Experimental techniques use a probe, which is situated inside,
as a conductivity method, or outside of the tank as in the case of gamma-radiotracer methods.
Expected value of homogenization time evaluated for a given degree of homogenization is
higher when using the conductivity method because the conductivity probe measures
relatively small volume in contrast to application of radiotracer, when the volume is much
greater. Measurement through the wall of tank is a great advantage of radiotracer application
but a comparison of the results with another method supposes a determination of measured
volume, which is not easy. Simulation of measurement by CFD code can help to solve the
problem. Methodology for CFD simulation of radiotracer experiments was suggested.

The most important parts of methodology for validation of results of CFD method by
radiotracers are: a) successful simulation of tracer experiment by CFD code (numerical
solution of tracer dispersion in a stirred tank), which results in tracer concentration field in
several time intervals; b) post-process data treatment, which uses detection chain description
and which enables to simulate the measurement of time homogenization read by detector
from the tracer concentration field evaluated by CFD code. The detected tracer concentration
is evaluated by N (t, x, y, z = fff D(xyz)c(txyz)dxdydz , where c(txyz) is the

V
distribution of tracer concentration obtained from CFD calculations and Dxyz) is transfer
(weight) function of detection. Two ways of evaluation were suggested for Dxyz) function:
1) by using algorithms for collimated detectors; 2 by interpolation of values determined as
the detector response to point source which is situated inside the tank. Point Source Response
(PSR) can be created directly by experiment (if possible) or by numerical simulation by using
MC code.

Commercial software Fluent 61 was used for simulation of liquid homogenization in
mixed vessel with Rushton turbine. Numerical simulation of homogenization time by CFD for
different values of detected volume was confronted with measurement of homogenization
time with conductivity probe and with different radioisotopes 198 Au, 82 Br and 24 Na. Detected
size of the tank volume was affected by different energy of radioisotope used.

1. INTRODUCTION
Numerical simulation of liquid homogenization in mechanically stirred vessels is

rather complicated and mostly experimental verification is needed. There is no problem to do
experiments in laboratory, when transparent wall of equipment is possible to use or when
probes can be situated inside the vessel. However the probes, whi& are situated inside the
vessel can influence velocity field - especially in case of homogenization of liquid with high
viscosity, or using the probe inside the industrial equipment is difficult or even not possible.
In this case, the gamma radiotracers are used which enable to follow the tracer concentration
by detectors which are situated outside the vessel. The tracer concentration depends on the
volume size and position of volume which is "seen" by detectors. This volume depends on
detection system, but also on the gamma radiotracer, which is used for homogenization
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analysis 1]. Radiotracer with high energy is measured from greater depth of the vessel than in
the case of the tracer with low energy. CFD evaluation of velocity field and concentration
distribution was done by commercial software Fluent 61 in the similar way, which was
already used and published by several authors (e.g. 2. Simulation of homogenization with
radiotracer requires using a special postprocessor, i.e. software which counts in detection
efficiency, radiotracer used and which picks up the tracer concentration only from the
elements which are registered by detector. Two ways of simulation one with using suggested
algorithm of detection and second with using Point Source Response experiments for
description of detection efficiency are compared with the homogenization experiments with

conductivity and with radiotracer method (three
I tracers with different energy of radiation). The

simulated velocity field should be
experimentally verified if possible.

------ Homogenization analysis was performed in a
7,5 SD cylindrical vessel (see Fig.]), (with diameter

2 0 1 T=0.2m, height HIT=I, with four baffles, width
I C:1 C)

nCD Cu 0.17-) and with a standard Rushton turbine,
which was centrally situated in the vessel with

osition from the bottom hlD=I. (Another
important dimensions of impeller: diameter DIT

LO ra 0i 0.30, blade height/D 0.20 and
1� 0200mm length/D=0.25, with disk diameter dlD=0.75).

Position of conductivity probe (CP) and
Fig. I Cylindrical vessel scintillation detector (SD) Iis shown in Fig. as

with Rushton turbine well.
The first part of our contribution deals

with evaluation and verification of velocity field, the second one with measuring and
simulation of homogenization by conductivity or radioactivity method. The results and
comparison are in the last part.

2. SIMULATION OF HOMOGENIZATION BY CFD

From a numerical viewpoint, flows in mixing tanks are difficult to compute because of
the interaction of the rotating impeller with stationary baffles on the periphery of the tank.
Multiple Reference Frames (MRF) technique with multiple grid frames is used, where one
frame is attached to the rotating impeller and the other remains stationary with the tank baffle.

2. I. Velocity ield evaluation - (stationary simulation)

The commercial software Fluent with a pre-processor MixSim 17, created by Fluent
Inc. for agitated vessels, were used for the computation. All geometry specifications of the
mixing vessel and fluid properties used in the experiments were defined. The only other
selected parameter was the density of the grid. It is given by the number of the cells per the
diameter of the vessel T. The calculation was done for the vessel where the experiments were
performed (see Fig. 1). The structured mesh was prepared by this software - however with'
limits for 500 000 nodes in the vessel, which enable to prepare mesh with 3 05 elements.
After mesh creation, specification and evaluation was done by Fluent 61. Standard k,
turbulent model was used and results of the evaluation were compared with radial and axial
velocity component published by different authors for the similar system. It follows from the
curves A and experimental data presented in Figures 2cd, that the results were defective
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especially in the region of the impeller. In the next step, new mesh and new evaluation was
prepared by MixSirn 2 which used our mesh created in Gambit 2 A new unstructured mesh
was prepared with hexahedra in the whole region except the "wedge region" bellow the shaft
only around the vessel axis. More precise geometry (with the hub of the real impeller) was
used in generation of the new mesh with 7 05 elements. The velocity fields were calculated
for the structured and also unstructured mesh by Fluent 61 for rps rotational speed of the
impeller. The velocity fields in vertical and horizontal cross sections of the vessel are
presented in the Figs 2a, b - on the left side for structured and for unstructured esh on the
right side of figures.
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Fig. 2a, b Velocityfield in vertical and horizontal cross section (in one half between baffles),
for structured on the left side and unstructured mesh on the right side.

Velocity fields around the impeller on right sides (i.e. for more realistic mesh prepared
in Gambit) present higher values of velocities, what is evident from both figures. Calculated
velocities in radial and axial directions for our system with (D = 0.3T, H=D see Fig, ) were
compared with experimental results of measurements by LDA for similar system (with
D=T13 )) presented by several authors 3,4,5,6,7,8].
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Fig. 2c, d Comparison of calculated and measured radial and tangential
component of velocity, where A -curve is calculated by structured and B- by
unstructured mesh and experiments: 1[3] 2[41 3[5] 4[6] 5[7] 6[8].
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On the basis of presented comparison, the velocity field calculated by unstructured
mesh was used for next simulation of homogenization.

2.2. Tracer distribution evaluation - (unsteady simulation)
The "frozen" velocity, pressure and turbulence fields evaluated from stationary

simulation were used for unsteady solution of tracer transport equation of tracer
homogenization. The flow inside the mixed vessel is assumed to be fully turbulent and the
influence of turbulence is described by standard kE; model. This model successfully
corresponds to experimental data of several authors 9, 1 0,1 1 . The eddy viscosity concept is
used for modelling the influence of turbulence as an increase in the diffusive transport
(effective viscosity). Fluent computes the changes of diffusive transport by changing the
value of turbulent Schmidt number, Se 12]. Tracer dispersion - homogenization is analyzed
by experiment when a tracer in limited volume is added below the mixed liquid level and its
dispersion in time and space is measured (tracer fluid has the same properties as the liquid
used in a vessel). Time of homogenization is the time when no curve exceeds a certain range
(±5%) around the final value.

At the beginning of simulation: the tracer with concentration I was added to the
cluster of elements which create the sphere with diameter 0.01 m and this sphere was situated
0.02 in below the liquid level in the same position as in a real experiment. Tracer
concentration changes in the whole system in time (by time step of 0.01 s) were evaluated.
The local tracer concentration in position of probes could be seen and analyzed.

Several numerical experiments were done and tracer dispersion - homogenization was
evaluated, e.g. for two positions where different velocity (low and high) can be supposed. The
analysis was done for rps and different values of Se. The changes of homogenization caused
by turbulent dispersion are evident from the Fig.3. The curves for low values of turbulent
dispersion S = 10) probably will not have so many peaks and also there will not be great
time delay for the curve with low velocity, in case of strong influence of numerical
diffasivity. On the basis of this analysis it can be assumed that this effect is not significant.

Fig. 3 Homogenization
4 1 0 high in two localities with different
2 velocities for different S =O

1 0 0.1 low and 0.10; (where c* is non-
8 dimensional tracer concentra-

6 0.1 high tion c* =(c(t)1(c(aq)).
4 10 low

2

0 i 2 3 4 5 6 7 a 9 10

tim e[s]

Simulated homogenization curves (calculated for 0.3<Sc<l and for different positions
of injection) were compared with measured results for conductivity probe. As a result of this
analysis, S = I was used and position of tracer adding was shifted to the middle between
rotating region and vessel wall, (little beyond the position in real experiment). The first order
upwind scheme - with good results for the residual convergence - was used in numerical
simulation. Because application of this discretization scheme may introduce the numerical
error, the last evaluations were done also with quadratic upwind interpolation scheme, which
provide higher order accuracy, however it is more time consuming.

Homogenization time is evaluated from homogenization curves on basis of definition
mentioned above (see also Fig. 4a). When the radiotracer is used in homogenization analysis
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and the change of tracer concentration is measured by detector situated out of the vessel -
close to the wall, registered values are given by

N (t, x, y, z = fff D (x, y, z) c (t, x, y, z) dxdydz (1)
V

where c(txyz) is distribution of tracer concentration obtained from CFD calculations
and Dxyz) is transfer function which can be calculated, e.g. by algorithms of collimated
detectors.

VV 2 No

210.05 QZ-N.)
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T Fig. 4a Homogenization time evaluation

The algorithm called "viewfactor" was suggested for narrow beam radiation and for
tracer with "soft" gamma radiation [ 1 31. The algorithm was tested on the basis of the PSR of
detector in the water and is recommended for energy of tracer about 100 keV. Applications of
algorithm suppose measurement in "energetic window" and also simple configuration of
volume seen by scintillation detector is assumed. The clasical isoparametric functions 141
were used for integration in finite elements solution.

D(xyz) can also be received as a response of collimated
2 detector to the "point" radioactive source (PSR), which is situated

inside the vessel. PSR can be created directly by experiment (if
possible), or by numerical simulation by Monte Carlo code which
is implemented in program INSPECT [ 1 5]. The experiments using
PSR inside the vessel (with liquid but without mixing) give
information about the actual collimated detector characteristic and
information about absorption and reflection characteristic of the
media and internals inside the vessel. By monitoring count rate of
the collimated detector at different positions of radiation source,
the response function Dftyz), corresponding to unit activity at a
general point xyz can be obtained (see ig.4b). As there are big

Fig. 4b. Point Source differences between the density of measured points in PSR and
Response experiment density of mesh used in Fluent evaluation, interpolation formula

(presented in [ 3 ) was used and tested.
The results calculated by Fluent have the form of ASCII files from which the relevant

information was extracted by special software, which evaluates integral (1) for the position of
collimated detector (for more information see [ 6).

3. RESULTS AND CONCLUSIONS
From the diagrams of homogenization, it follows that the longest time of

homogenization is obtained by conductivity probe (with small measured volume) and then
82 24with Au'9', Br and Na . Good correspondence of simulation with experiments with

conductivity method was received after shifting position of injection. Best results for
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radiotracer experiments were obtained by using algorithm called "view factor" which is
suitable only for radiotracers with lower energy (Au 198 E = OAlMev). Methods using PSR
confirm the tendency for decreasing homogenization time for tracers with higher energy,
however this influence is overestimated. Results are summarized in Tab. .

Tab. 1. Homogen ation time [sl- measured and simulated with different tracer
5rps I OTS l5rps

Methods 198 82 Na 24 KCI: Au I 8. Br 82 :Na24 KCI:Au"' : Br 82 24KCI: Au Br Na
Experiment 10.2 -. 86 6.5 6.3 5.7 37 3.5 3.5 3.5 23

CFD simulation 10 5 3.4
View factor 8.2 4.2 2.8

PSR 6.2 1.8 1.6 3 1 0. J 2
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