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Abstract- A mechanical agitation system is primarily intended to provide mechanical energy to the fluid and
therefore promote intimate contact between the substances or phases for obtaining the best conditions in the mass and
heat transfer. When addressing a problem of a stirring-mixing, the first question we should ask is the type of mobile used
to achieve the objectives of the mixing process. This work proposes mixing equipment that studies the mass transfer and
the main characteristics of mechanically agitated systems (the tangential velocity).The steps encountered in industrial
production lines, food, cosmetics, pharmaceuticals, petrochemicals, cleaning products, etc ... are based on the precepts
of agitation, mechanical agitation of the fluids promotes mixing to obtain a certain degree of homogeneity of the final
product and increases the mass transfer phenomena. A hydrodynamic and mass study is needed to optimize the design of
tanks and the mobile agitation. A local (tangential velocity) and global study (the number of power) in a conventional
stirring system agitated by a straight blade (d/D = 0.5) allowed us to compare our results with the experimental
literature, a very good agreement was observed. This validation will allow us to perform simulations on two-bladed
chamfered. The velocity profile and the mass transfer are analyzed. It has been shown that the hydrodynamics and mass

transfer are modified by the effect of the chamfering of the mobile that plays a role.
A comparative analysis between the straight and the chamfered mobile is adopted.

Keywords: Bladed chamfered, mass transfer, miscible fluids, hydrodynamics, numerical simulation, Computational fluid

dynamics (CFD)

l. Introduction

Following the market demand for quality of pharmaceutical,
cosmetic, chemical food, ect ..., researchers continue to study,
innovate and explore the genius techniques of the mechanically
agitated system processes to achieve their goals to get a quality
finished product. Crude product, the raw material to finished product
packaging, the entire engineering process of production involve a
coordinated series of separate and independent fundamental
operations of the process itself called unitary operation, for each, the
engineer must consider the thermodynamic aspect, i.e., the feasibility
of reactions and the energy required to achieve them. Some reactions
are exothermic; they are accompanied by a release of energy, but
most are endothermic and therefore require an energy input by
mechanical agitation, which is a unit operation that is a big step in a
manufacturing process of engineering where the fluid flows are
present.

The objective of this study is to model and simulate the flow generated
by our mobile numerically, to prove its performance in the
homogenization mixing with a reduced time.

The first works in the agitation consist of experimental investigations.
[1] which were interested in the flow driven by Rushton turbine and
agitators inclined blades; it was made of the speed measurements
with several changes of the turbine. These results are limited to the
local area. Then comes the work of [2,3], which conducts the
experimental analysis of the generated flow by a moving blade. The

Copyright © 2010-2013 Journal of Science Research - All rights reserved

majority of these works show that these low speed agitators mainly
generate a tangential flow, in the same context in the work of [4], [5],
(61, [7].

Numerically, the first models simulating the flow around a bladed
stirrer, that were studies of [8,9], were based on a discretization by
finite difference centered method which is valid only for low
Reynolds numbers. However, the simulations [10], [11] are based on
a discretization of differential equations of continuity and primitive
motion variables (u, v, w). [12] studied a three-dimensional
numerical simulation of the flow of an incompressible fluid around a
paddle stirrer and a flat blade turbine, which operate in a laminar
flow in a stirred vessel; the aim is to get the three: tangential, radial
and axial velocity components.

The experimental study of the turbulent flow induced by a six-blade
stirrer inclined 60° in a baffle-tank was made by [13]. The amount of
power , the three velocity components and the corresponding
quantities of turbulence were measured in rough water. The results
showed a significant decrease in power from 2.5 to 2.2 with a
Reynolds number of 1200, and are associated with a change of a axial
to a radial flow, after which the number of power remains
approximately constant at high Reynolds numbers with values
between 2.2 and 2.3 velocity measurements, averaged over 360° of
stirrer rotation , indicating an axial jet.

The stirring speed under the paddle is proportional to the radius.
Comparison with a Rushton turbine of the same size shows that the
pumping efficiency is about 2.5 times higher, therefore it absorbs less
power in the inclined stirrer, the thing makes it a better choice for
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applications where high throughput is required. In the same context,
there is an experimental study of a two-bladed where the velocity and

energy consumption are achieved by [14] for a viscoelastic fluid ,
Newtonian and inelastic fluids.

The results are interpreted considering of a numerical simulation
using a finite element method. Numerically and experimentally
significant influence of the elasticity is effective for a Reynolds
number greater than a threshold value from 5 to 7. Above this value,
the number of power is increased, and the velocity field has changed
considerably.

This behavior is mainly due to the elasticity of the fluid. [15]
Studying the hydrodynamic flow over the heat transfer presented a
detailed simulation in a tank of 1.20 m diameter stirred by an anchor
of 1.07 m diameter and 0.707 m in height, The set of equations
written in cylindrical coordinates model was solved by the finite
volume method using the CFX-4.2 software.

For low number of Re [16] who have studied experimentally and
numerically the flow of a Newtonian fluid around an anchor stirrer
inclined in a flat-bottomed cylindrical vessel without a baffled one,
The flow is induced to three number of Re, 1, 10 and 28, it was found
that, the pumping capacity is much reduced due to the low number of
Re The study also looked at the influence of the inclination degree of
the blades on the hydrodynamic structure.[17], The purpose of this
paper is to study numerically the detailed morphology of the flow and
mixing a thermoplastic liquid 2D mixer which consists of a rotating
drum and a static wheel. It is shown that the application of a low
elasticity eliminates vortices.

Increasing the rotational speed, is generally not sufficient to reduce
the size of the rigid zones. Finally, it seems that the configuration
with two perpendicular blades was the best result for agitating
viscoplastic fluids. In addition, it was noted that the reduction in size
of the rigid zone is not the only criteria involved in improving the
quality of the mixture.

For inclined agitators new design [18], they have made experimental
studies on the impact of this technology on energy consumption and
mixing time, by comparing the two types of agitator movement:
rotational or alternative movements. It is shown that the energy
consumption is much lower in the case of alternative agitator. [19] in
this study, experiments of solid-liquid mixture were carried out and
the cloud height was measured as a function of operating conditions
and configuration of the tank. The study of turbulent dispersion
strength on the cloud height determined that the inclusion of turbulent
dispersion force was critical to accurate prediction of cloud height for
the studied conditions. The drag model was observed to have a much
lower influence.

Geometric representation of the system, mathematical
formulation

This work is a contribution to the study of the difficulties
encountered in the field of agitation and a contribution to the study of
agitation in a laminar flow of an incompressible Newtonian fluid in a
cylindrical container without baffled flat bottom agitated by a
chamfered bladed whose problems arise in various industries of great
economic importance.

The goal of this work is to model and simulate numerically the
flow generated by our mobile, and to prove its performance in
homogenization mixing in less time.

Copyright © 2010-2013 Journal of Science Research - All rights reserved

Fig.1. Physical model.

The governing equations: the fluid flow is written in dimensionless
form, taking into account the following simplifying assumptions:

- Newtonian fluid

- Incompressible fluid

- The laminar and two-dimensional flow

-The permanent regime.

- Adiabatic solid walls
We have the dimensionless parameters
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The dimensionless equations are as follows:
- The hydrodynamic study
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1. Numerical solution of equations

For the numerical solution of the equations governing the
hydrodynamic flow, CFD code is used where the finite volume
method is integrated, so that the resolution is passed through three
stages.

The first step is the Gambit CFD code pre-processor that builds the
geometry and generates the mileage.

The second step is the code of the solver where we proceeded to
define the data, prescribing initial and boundary conditions, testing
and optimization of the convergence of computing and simulation.
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The third and final step is the post processing, here we used the Tec
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Fig. 4. Tangential velocity with respect to the mediator

Fig.8. Tangential velocity with respect to the mediator
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1V. 1.3. Influence of the degree of the chamfering

We chose a Re = 10 with size of bladed d/D = 0.7, then varied
degrees of chamfer (22.5°, 45°, 67.5°), compared with 90° (straight
agitator) then monitored and analyzed the influence of the degree of

chamfering on the evolution of local parameter (tangential velocity),
the results are:

W07 chanfy 225° V|

v, 08
0 108 _ | Vu?“
| 07} 1 S,
= JgRdD=07 charkeinazs | 7y /l‘
<= b dD=07 chanfreinds | 7 | '3
1im g ADR0.7 charkraing7.80 7 I3 08 LU
- = gt dD=0.7 dolt 7 :" i \
05 Lt i 05 R
Re=10 7 2 i
m )1
+ - s 04p
o4 W 4 1
/ 3t () #
03f - L1 03f .
/ L rd
0z2p v, - ¥ 3 02 i
1 ra
/ A
01 L] 01 p—-
| A ks
of - of
[ N | |
02 04 08 08 A -01 53 T} 603
(® (b)
Fig.9. Tangential velocity relative to the blade and its extension
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Fig.10. Tangential velocity with respect to the mediator
1V. 2. Comparison between the tangential and radial velocity

Our mobile is a two-bladed agitator generating a tangential flow; its

radial velocity is very low compared to the tangential, as stated in the
figures below:
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Fig.11. Tangential and radial velocity with respect to the blade and its
extension
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1V.3. Evolution of the stream function depending on the degree of

chamfering
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V. 4. A comparative study of mass transfer between the chamfered
and the straight
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V. Interpretation of results
V.1.Tangential velocity

V.1.1. Effects of inertia

V.1.1.1. Variation of the tangential velocity relative to the blade
and its extension
The curves are divided into two parts;
1- The first part there is a linearity and growth until the end of the
blade reaching a peak.
2- The second part is a decrease to the wall.
Figure 2 (a, b): increasing the number of Re (0.1, 4.12; 10, 30, 50) we
see that it does not affect the appearance of the first part of the
linearity of the curve and growth until the end of the blade to reach
the maximum value ¥ = 0.9 for the position of R = 0.9*, followed by
a decrease to the value 0 at the wall, with a trend almost linear with
large values of Re = 50 and with a variation inversely proportional to
the Reynolds number, thus the largest values of the blade are at the
Re =0.1.
From the blade tip, the velocity decreases with the increase of Re.
Comparing the two agitators (the straight and the chamfered), Figures
5 (a, b) show the shape of the first part of the curves (linear axis to
the end of the blade) is the same, but the second portion (the end of
the blade to the wall), the tangential velocity decreases rapidly in the
case of the straight blade with respect to the chamfered stirrer, so that
the tangential velocity of the chamfered blade is higher than the

Fig. 18. At t*=2000 straight blade.
V.1.1.2. Variation of the tangential velocity with respect to the
mediator
Standard deviation Figure 3(a, b) figure indicates that the velocity profile has a parabolic
. . The bladed The bladed shape with a local maximum of the order of 0.7, with values inversely
!V"X'"E The straight 45° 67.5° proportional to the number of Re up to the position of R* = 0.6* of
time (t*) bladed chamfered chamfered the blade, from this point until the end of the blade, the speed values
0 0,403 0,402 0,400 become proportional to the number of Re and decrease rapidly with
4 0,421 0,420 0,431 the lowest rate.
34 0,415 0,414 0,341 Comparing the two chamfered agitators and the right mobile in
54 0,363 0,357 0,314 Figure 6 (a, b) clearly confirms that the tangential velocity relative to
100 0,304 0,302 0,240 the mediator is low in the case of the straight agitator.
200 0171 0,169 0,140 V.1.2. Influence of size d /D
?gg 8823 8(1)22 886133 V.1.2.1. Tangential velocity relative to the blade and its extension
! ! ! Figure 7(a, b) reveals that the curves are divided into two parts:
1000 0,050 0,051 0,011 The first part is linear up to the end of the blade where the curves
2000 0,019 0,019 0,001

reach local maximum namely max v, =05 for the diameter d/D = 0.5

to 0.9 for the diameter d/D = 0.9 , therefore the maximum value of
the velocity is proportional to the size of the blade.

The second part is a decrease in speed which is even faster than the
diameter increases , up to the value zero at the wall, this decrease is
1 slower for smaller sizes d/D (0.5, 0.6 and 0.7) and has a quasi-
linearity for diameters (0.8 to 0.9) (agitators scrapers).

In Figure 7(b), we see negative values of the velocity for sizes (0.6,

Table 1. Standard deviation based on mixing time

sl 0.7 and 0.8) near the wall from point R* = 0.9, it is reflected in the
i a5 existence of a vortex (suction and flow to the bottom of the tank), the
] bipale chenfeind? 5 flow will be delayed in this area.

V.1.2.2 Tangential velocity with respect to the mediator
The velocity profile to a parabolic shape, with the values of the which
are 0.35 for a size d/D=0.5, 0.4 for a size of d/D = 0.6, 0.45 for a
diameter of d/D = 0.7, 0.55 for a diameter of d/D = 0.8, and a
Fig. 19. Standard deviation based on mixing time maximum of Vv, =07 near the agitator d/D = 0.9, so this is a
proportionality relative to the size of the blade.

Copyright © 2010-2013 Journal of Science Research - All rights reserved
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Figure 8 (b) shows that for all sizes, the speed is constant up to the
point R* = 0.05

V.1.3. Influence of degree chamfer

V.1.3.1 Tangential velocity relative to the blade and its extension
Figure 9 (a, b) clearly shows that the change in velocity as a function
of the degree of the chamfer is linear and is growing up to the tip of
the blade with the same maximum .
This means that in the first part , the chamfer does not affect, from
the blade tip , the speed is proportional to the degree of chamfer,
with a exponential form for the chamfered 67.5° and fairly linear for
(22.5° and 45°) , all curves intersect (at R* = 0.9) with negative
speeds , up to the wall (R* = 1) (zero speed)
Figure 9 (a) shows a comparison between the two geometries, bladed
chamfered and the right curves have the same speed up to the end of
the blade And a decrease in speed to zero at the wall, this decrease is
much faster in the straight bladed and negative velocities in the
vicinity of the wall are lower in the chamfered, announcing that there
is no recirculation zone and no aspiration in this field; the curves
meet at two points (R* = (0.9 to 1) with zero velocity.)

V.1.3.2 Tangential velocity with respect to the mediator
Figures 10 (a, b), show that the speed profile has a parabolic shape
with a peak (maximum), which varies proportionally to the degree of
the chamfer , of the order of 0.45 for the chamfer 22.5°, of 0.46 to
45° and a value of 0.5to 67.5°, with a linearity for lower speeds.
The curves have the same starting point and the same end point. Then
compared between the two chamfered and law geometries , we say
that their curves have the same shape with large values of speed for
the stirrer chamfered.
So we see that the speed varies proportionally to degree of
chamfering.

V.2. Evolution of the stream function depending on the degree of
chamfering
Figure 12 shows that the value of the stream function is constant
along the blade to the three degrees of chamfers, it also confirms
what has been shown above that the maximum value of the stream
function is inversely proportional to the degree of chamfering,
gradually as one increases the degree of chamfer of the blade, the
function value of current decreases.
Figure 13 confirms that the value of the stream function in the remote
area of the blade (near the walls) increases with the rising degree of
chamfer of the two blades, of the order of 0.01 at 22.5° degree, to a
value of 0.03 for the measurement of 45° at the end reaches a value
of 0.05° at a 67.5° bevel.
Figure 13 shows the curves of different degrees chamfer have an
exponential form and intersect at R* = 0.6. Upstream of the point R*
= 0.6 current function is inversely proportional to the degree chamfer,
downstream we see a proportionality.

V.3. A comparative study of mass transfer between the
chamfered and the straight blades
From the initial time t = 0 to the end t* = 2000, homogenization of
the mixture and efficiency of the chamfered blades 67.5° are clearly
confirmed in the figure (14 to 18), Table 1 and Figure 19.
Note that the value of the standard deviation (variance) of the
distribution of concentration in each of the areas of the three mobile
(law, the chamfer 45° and 67.5°, corresponding to successively
different mixing time, is still significantly lower in the case of the
agitator beveled 67.5° with respect to the other two movable, whose
standard deviation is not very distinct
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These data demonstrate that the homogenization of the mixture with
67.5° beveled blade is quickly reached, where the particles have the
same concentration.

See the chart where the green curve on our proposed model (beveled
bladed 67.5°) confirms the performance of our homogenization
choice with a short mixing

mixing time of 67.5 chamfered 1 whether 5%

(mixing timeof bladed straight) 19

time =

VI. Validation

To test the reliability of our simulations and the conformity of our
results, a comparison with previous work on a two-bladed paddle
straight (d/D = 0.5, da/D = 0.05) [7] and [5].

The validation of this work, in terms of two parameters (local and
globale) were performed.

The local parameter is the tangential velocity (VO*) on the blade and
its extension as well as the mediator, which has been validated by the
experimental study [7], as shown in Figure 20, a good agreement is
demonstrated.

The global parameter is the number of power Np, we validated with
the experimental study of [5], as shown in figure 21, good agreement
is clearly confirmed.
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Fig.20. Validation of
Tangential velocity relative to
the blade and its extension its

extension with the experimental
studv

Fig.21. Validation of the
number of power with the
experimental study

VII. Conclusion

This work is a contribution to the study of problems that encountered
the phenomena of agitation in tanks with Newtonian fluid rheology
Note that such problems arise in different industrial sectors of great
economic, industrial plastics, inks and paints, cosmetics and beauty
products, food industries, bio industries, etc...

A 2D simulation was undertaken studying the hydrodynamics and
mass transfer of incompressible flow around a two-blade chamfered.
Then, the hydrodynamic results of a chamfered bladed were
presented with changes in the degree chamfer 22.5°, 45 ° and 67.5°,
the size of the agitator and the Reynolds number.

It has been shown that the hydrodynamic effect is modified by
chamfering of the mobile that plays a key role.

This study confirms the performance of our (bladed chamfered) in the
homogenization with a short mixing time.
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Nomenclature

a mass diffusivity

d Diameter of the agitator

D Diameter of the tank

da Shaft diameter

e The space between the blade tip and the wall
Hc Height of the vessel

Hm Mobile height

Np Number of power

P Power agitation

tm Mixing time

U, v Speed Cartesian velocity

Vo Tangential speed

Ur Radial velocity

X, Y Cartesian coordinates dimensionless
t Dimensionless time (mixing time)
R Dimensionless radius of the vessel
X,y Cartesian coordinates dimensional

t Temps

ol Dimensionless concentration

a Mass diffusivity

Greek symbols

Tangential position
Dimensionless Stream function
Kinematic viscosity of the fluid
Density of the fluid

Dynamic viscosity of the fluid
Dimensionless time

*

AT o << D

Dimensionless numbers

P
N, :W Number of power
2
N
Re = u Reynolds number
)
A% .
Sc= 2 Schmidt number
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