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Abstract. The Computational Fluid Dynamics (CFD) is used to numerically simulate the
behavior of fluid flow, and all the laws that rule the study of fluids, both the energy and mass
transfer, chemical reactions, hydraulic behavior, and other applications. Among these
innumerable applications, the local behavior of a mixing tank can be estimated using the CFD
techniques. In order to follow-up studies in the literature giving them increased credibility, this
project aimed to determine whether both the scheduling Potency/Volume and Torque/Volume
maintain the necessary level of agitation in the mix tank to extrapolate the volume 10 times and
100 times, using an axial impeller type blades inclined at 45 degrees (PBT 45), and a radial
impeller (Rushton turbine) with the use of the CFD. With the results, was analyzed if a
criterion is superior to the other in terms of maintaining the level of agitation in scheduling.
The case study made it possible to achieve the main objective, deepen studies in Computational
Fluid Dynamics. Therefore, managed to the largest domain in tools offered by CFX-ANSYS
14.0 software, allowing future work to be conducted.

1. Introduction

Much of the production processes in industries, requires the stirring of the products at any stage.
Agitation systems vary depending on the geometry of the tank and the type and number of impellers.
In addition to geometry, other important variables are the properties of the fluid and the rotation speed
of impeller [3]. These variables are used to calculate the power (P) and torque (Tq) responsible for the
operational cost of the process and fixed costs of the tank, respectively. Such factors must be taken
into account to provide the best conditions for the process considered and the greatest possible
operational savings. In the case of agitation, the torque is the relationship between the power and the
speed of rotation of the impellers.

The hardest part in the design of a impeller is the estimate of the size of the engine, what influences
sharply in price from a stirring [3], usually this estimate is less when using the torque/volume
criterion, however, this does not indicate that the level of agitation is maintained. Agitating systems
are estimated from the data of number of power, used typically for turbulent flow, which can be
understood as a "coefficient of drag" of impeller. From the use of computational fluid dynamics, this
paper proposed studying the scale-up in mixing tanks from P/V criteria and Tqg/V. The project allows
estimating the power consumed by a mixing tank extrapolated from a tank pilot, analyzing if both
escalation methods maintain the level of unrest as the initial tank, checking if a criterion is superior to

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


mailto:lubi@ft.unicamp.br

5th International Conference on Mathematical Modeling in Physical Sciences (IC-MSquare 2016) IOP Publishing
Journal of Physics: Conference Series 738 (2016) 012024 doi:10.1088/1742-6596/738/1/012024

another in terms of maintaining the level of unrest in the staggering. It permits the decision-making on
the operating costs of a process to be carried out with greater reliability.

2. Methodological procedures

It was employed as pilot tank mixing tank with the impeller type PBT 45 [6], corresponding to a
square tank of 0.24 m, with an approximate volume of 10.86 liters. The computational modeling was
performed to extrapolate the tank 10 times and 100 times. With the same characteristics, was made a
tank with the impeller type Rushton turbine, repeating the same extrapolations. Scale-up was carried
out in the initial model. From the criterion P/V and Tq/V scaling has been increased by 10 times, using
two levels of agitation for the tests, P/V = 0.2 kW/m 3 and P/V = 2.0 kW/m 3. In sequence, increased
the scale in 100 times, using the same two levels of agitation for the tests doing it to both impeller,
PBT 45 and Rushton turbine. Adding to the final twenty simulations with different rotation speeds.

Fluid dynamic behavior of the fluid in turbulent regime mixing tanks was analyzed by developing a
three-dimensional model. The numerical results have been obtained through the use of the software
CFX-14.0 the ANSYS, was discredited by a mesh that aims at obtaining the variables, such as: speed,
temperature, viscosity, and others, at specific points within the entire tank [1]. Here the interest was at
inside of the tanks. To simulate the tank was with two domains: rotating and stationary. The stationary
domain comprises the geometry of the tank, while the Rotary field is constituted by the geometry of
the region around the impeller. It is observed that the geometry of the tank has the space
corresponding to the rotation of the impeller domain.

Tetrahedral volumes formats were used and prisms for the creation of the meshes. It was
considered the minimum size of the element, the rate of glineth and refinement located mainly in
regions near the surfaces of the walls of the tank and of the impeller where if you expect high-speed
gradients or turbulent Kinetic energy. In figures 1, 2 and 3 it can be observed the meshes created.
According to [5], for the great performance of turbulence models one of the key factors is the exact
solution of the boundary layer velocity profile. That way, according to [1], one of the methods to
control the size of the mesh in the boundary layer is the specification of the dimensionless distance y+
wall and the Reynolds number.

In the definition of the simulation in CFX-Pre, the characteristics about the setup were defined,
where was the coupling of different domains. Physical and chemical data were provided, defined the
mathematical models employed, as well as what the boundary conditions of the simulation. On
Computational solution step with CFX-Solver Manager, during the simulation accompanied by
graphics error waste and predefined monitoring points, the answers were generated in files simulation.
In the last step, the post processing through the analyses do the results in CFD-Post, if the behavior of
the fluid dynamics of the problem at any stage of the solution. Maximum values were rated first and of
y+ in the impeller and on the wall of the tank, and then raised the speed profiles at different points in
the tank and then analyze and generate the results.
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Figure 1. Mesh Impeller with Figure 2. Mesh radial impeller Figure 3. Mesh tank.
straight blades inclined at 45 (Rushton turbine).
degrees (PBT 45).
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3. Results and discussion analysis

The first analysis refers to the validation result in CFD pilot tank with the experimental results.
Experimental data was obtained from the University of Alberta -Canada, carried out by researchers
Suzanne Kresta and Marcio Bezerra Machado [4]. Figure 4 shows the comparison of the experimental
points with the results in CFD with the SST turbulence model used. This graph in Figure 4
demonstrates that the CFD model was able to capture the variations in speed with enough precision,
proving the model validation in terms of profiling speed. The dimensionless speed is the relationship
of local speed and speed at the end of the impeller.

Profiles of dimensionless speed
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Figure 4. Comparison of the experimental model with the SST turbulence model using the tank pilot

[6].

As the tanks grossed in 10 and 100 times the same computational model used and respected the
same parameters of the tank pilot, it is considered that the model in 10 times and 100 extrapolated
times also represented with details the speed profiles. The graphics were generated from the P/V
criterion and the criterion Tg/V. Considering the comparisons to the two levels of agitation, P/V=0.2
kW/m3 and P/V=2.0 kW/m3, which are widely used in the chemical industry. In the next sequence
analysis was to compare the dimensionless speed profiles in several lines in the tanks, both to the tank
pilot, extrapolated in 10 times and the extrapolated in 100 times, ensuring the proportionality of the
positions of the lines. In each line, compared the graphics of the tank pilot speed profiles with the
extrapolated in 10 and 100 times. If the criterion for extrapolation holds the same conditions of the
tank pilot, the three profiles (pilot, 10 and 100 times) must match. These processes were performed
also for the two impellers studied, type PBT 45 and Rushton turbine. Figure 5 and 6 show the lines
where the results were compared for each of the respective impellers. It is observed that the impeller
type Rushton has a line (line 9), the main interest was just to show that at the end of the impeller the
speed is greater, closer to the value 1, which was to be expected.

0,100 (m) ‘_I

0 0080
— —
25 ors

0100 (m) '—I

0 0050
— —
0025 0075

Figure 5. Comparison lines to the tank with the Figure 6. Comparison lines to the tank with the
impeller straight blades inclined at 45 degrees impeller type Rushton turbine.
(PBT 45).
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In all graphs generated compared to each line the variation of dimensionless speed in relation to the
dimensionless radius. Generally the speed profiles in the three cases were similar escalation. However,
there is a coincidence between the profiles; this is was expected, because you know that is impossible
in scale-up keep geometric and kinematic similarity at the same time [2]. Note that the speeds for each
tank, despite showing peaks displaced, have similar magnitudes. Therefore, it can be said that the
agitation level indicates a similar condition in terms of intensity of agitation. It is observed that both
criteria P/V and Tqg/V enabled extrapolated very similar conditions. The graphs of figures 7 and 8, for
example, prove it.

After comparing both criteria of extrapolation, P/V and Tq/V, notice some variations in the profiles
of dimensionless speed between methods, mainly the lines went more of impeller, and near the
impeller speeds are greatest. However, in General, both the P/V criterion as Tq/V, kept on
extrapolation of dimensionless similar speed profiles.

Profiles of dimensionless speed - line 1 Profiles of dimensionless speed - line 1
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Figure 7. Comparison of dimensionless speed profiles in 1 line (Figure 5) for pilot tanks,
extrapolated in 10 times and extrapolated in 100 times, with the impeller straight blades inclined at
45 degrees (PBT 45) and level of agitation for the P/V=0.2 kW /m3.
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Figure 8. Comparison of dimensionless speed profiles in 1 line (Figure 5) for pilot tanks,
extrapolated in 10 times and extrapolated in 100 times, with the impeller straight blades inclined at
45 degrees (PBT 45) and level of agitation for the P/V=2.0 kW /m3.

4. Conclusion
The analysis done for the tank with the impeller type PBT 45 and tank with the impeller type Rushton
turbine is similar, since the conclusions concerning comparisons of two extrapolation criteria studied,
P/V and Tqg/V, are the same for both types of impellers. The criteria of extrapolation managed to
maintain in a similar manner to the level of agitation when extrapolated.

It is concluded that the criterion Tqg/V is the most appropriate, since it leads to impellers projects
with a lower cost installation, as well as maintenance.
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