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Abstract This work is an attempt to study the behaviour of fluid in
the mixing vessel with a two-bladed or four-bladed impeller. The working
fluid is complex, of a shear-thinning type and the Oswald model is used to
describe the fluid viscosity. The study was accomplishedby numerically solv-
ing the governing equations of momentum and continuity. These equations
were solved for the following range of conditions: 50–1000 for the Reynolds
number, 0–0.15 for the baffle length ratio, and the number of impeller blades
2 and 4. The simulations were done for the steady state and laminar regime.
The results show that the increase in baffle length (by increasing the ratio
baffle length ratio) decreases the fluid velocity in the vessel. Increasing the
speed of rotation of the impeller and/or increasing the number of blades
improves the mixing process. Also, the length of the baffles does not affect
the consumed power.
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Nomenclature
D – diameter of the vessel, m
H – height of the vessel, m
h – diameter of the impeller, m
ks – weak function factor
l – length of the baffle, m
m – fluid consistency, Pa sn
N – rotational velocity, rad/s
n – power-law index
Np – power number
P – mechanical power, W
p – pressure, Pa
p∗ – dimensionless pressure
Qv – viscous dissipation, m/s2

R∗ – dimensionless diameter
r, θ, z – cylindrical coordinates
Re – Reynolds number
Vr – radial velocity, m/s
Vz – axial velocity, m/s
Vθ – tangential velocity, m/s

Greek symbols

γ̇ – shear rate, 1/s
µ – dynamic viscosity, Pa s
ρ – density, kg/m3

τ – shear stress, Pa

1 Introduction

The study of mechanical agitation is considered one of the most important
studies that witnessed the interest of many researchers recently. This is
mainly due to its sensitive presence in many areas of industry including
the pharmaceutical industry, food manufacturing, cosmetics manufactur-
ing, medical analyses and so on.

The mixing process using a mechanical mixer is evaluated by two main
factors, namely: the quality of the mixture obtained and the duration of
mixing with the mechanical energy consumed. Therefore, the research in
this field aims at designing of a mixer capable of mixing the fluid effectively
with the effects of saving energy and mixing time.

There are quite a few researchers who have investigated in this direction.
Hadjeb et al. [1] researched the shape of the agitator by combining two
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previous simple shapes of an agitator, namely: a helical screw and a two-
blade impeller. The fluid studied in this paper was that of a highly viscous
fluid, while the vessel had a simple cylindrical type without any baffle. The
results of the research showed that this new form has the ability to raise the
quality of mixing. Laidoudi [2] accomplished a numerical work on the effect
of shape of the mixer on the quality of mixing. The form studied in this
paper consists in holes in the blades of the two-bladed agitator. The form of
the vessel was cylindrical without baffles. The working fluid was Newtonian
and the flow regime was perfectly laminar. The results showed that this
new form has a tendency to improve the mixing quality. Ameur [3] studied
the effect of the form of the vessel on the mixing quality, while the form
of the impeller was kept fixed (Scaba 6SRGT- six-curved bladed impeller
impeller). The forms studied here are: a dished bottomed cylindrical vessel,
a flat bottomed cylindrical vessel and a closed spherical vessel. The results
of the research confirm that the shape of the vessel affects the quality of
mixing.

There is also a group of researchers who studied mixing of complex fluids
using a mechanical agitator where the impeller has curved blades [4–12].
Some investigators [13–19] also studied the effect of baffles inside the vessel
on the quality of mixing. The behaviour of the fluid in the vessel has been
understood with the determination of energy consumed.

Ameur [20] conducted the numerical simulation of shear-thinning fluid
in a cylindrical vessel stirred by a turbine. The study examined the effect of
impeller shape on the characteristics of mixing. The mechanical power con-
sumed by the impeller has been evaluated according to the power number.
The model of Oswald has been used to define the viscosity.

There are also other works [21–32] that have studied different groups of
fluids inside vessels with mechanical agitators of different shapes and sizes.
Furthermore, recent studies show that the fluid motion inside the vessels is
mainly related to the geometry of the vessel and rotating objects [33–44].
Generally, it can be concluded that the performance of the mixer and the
mixing process can actually be improved if the process is analyzed and the
effects of the engineering parts are known.

From the aforementioned previous investigations, the following becomes
clear: the mixing process for complex fluids is one of the most important
factors in industrial applications such as the manufacture of medicines,
organic compounds and foodstuffs. Also, the mixing process is related to
the geometric shape of the mixer and the quality of the fluid. In addition
to this, each fluid must be studied in order to know its exact behaviour.
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Accordingly, this work presents a study of a type of complex fluid inside
a mixer. The general shape of the mixer undergoes geometric changes in
order to determine the shape that helps in accelerating the process of mixing
the fluid and reducing the mechanical energy consumed. Accordingly, the
elements studied here are: the speed of rotation of the impeller, the number
of blades and the length of baffles placed in the vessel.

This research can be used to enhance results related to industrial ap-
plications such as the process of mixing pharmaceuticals, cosmetics and
alimentary. This research can also be a reference for pedagogical works
related to the mixing process.

2 The studied system

The mixing system studied in this paper is presented in Fig. 1. The system
mainly consists of a flat bottom vessel ofa circular cross-section (Fig. 1a).
The height (H) and diameter (D) of the vessel are equal (H = D =
400 mm). The vessel has four baffles evenly distributed by 90◦. The length
of the baffle is (l) which is given by the ratio l/D = 0.05, 0.1, 0.15 and
0.25. The vessel is assumed to be completely filled with a complex shear-
thinning fluid. The cylindrical vessel is equipped with a two-bladed impeller
(Fig. 1b) or a four-bladed impeller (Fig. 1c). The diameter of the impeller

(a)

(b)

(c)

Figure 1: General view on the mixing system.



Study of the effect of geometric shape on the quality of mixing. . . 73

is equal to h = D/2, while the height of the impeller blade (b) is given by
the ratio b/D = 0.1. The agitator is placed in the vessel at the clearance
D/2. The thickness of the blade is 2 mm. The impeller rotates at a uniform
speed expressed in terms of Reynolds number.

3 Mathematical formulation
The fluid used in this research is of polymer type, which has the behaviour of
a shear-thinning fluid. For the shear-thinning fluids, the dynamic viscosity
(µ) becomes apparent and it is expressed according to the Oswald model as:

µ = mγ̇n−1, (1)

where γ̇ is the shear rateThis type of apparent dynamic viscosity is specific
to shear-thinning fluids, meaning that as the shear rate between fluid layers
increases, this dynamic viscosity decreases. This type of fluid has two rheo-
logical characteristics, namely, the flow consistency (m), and the power-law
index (n), which are evaluated as 13.2 × 10−3 Pa sn and 0.85 × 10−3 Pa sn,
respectively. The density of this fluid is 998 kg/m3. These values were taken
from the results of experimental work done by Venneker et al. [31].

In order to control the flow regime, the rotation of the impeller is ex-
pressed by the Reynolds number:

Re = ρN2−nD2

mkn−1
s

, (2)

where ρ andN refer to the fluid density and rotational speed of the impeller.
ks is the weak function, it is a dimensionless value which is equal to 11.5.
This value is taken from [20].

The power consumption is characterized by a dimensionless quantity
which is called the power number as:

Np = P

ρN3D5 , (3)

where P is the power consumption and it is calculated as:

P = µ

∫
vessel volume

Qv dv, (4)

where dv is written in cylindrical coordinates as:

dv = r dr dθ dz, (5)
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Qv indicates the viscous dissipation:

Qv = 1
µ2

(
2τ2
rr + 2τ2

θθ + 2τ2
zz + 2τ2

rz + 2τ2
rθ + 2τ2

zθ

)
, (6)

where

τrr = −2µ
(
∂vr
∂r

)
, (7)

τrθ = −µ

r∂
(
vθ
r

)
∂r

+ 1
r

∂vr
∂θ

 , (8)

τrz = −µ
(
∂vr
∂z

+ ∂vz
∂r

)
. (9)

Equations (1)–(9) can be used to solve differential equations that model
the fluid behaviour. These equations can be written as follows [45–47]:

1
r

∂ (ρrVr)
∂r

+ 1
r

∂ (ρrVθ)
∂θ

+ ∂ (ρrVz)
∂z

= 0, (10)
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These equations are written in dimensional form, some non-dimensional
variables are given as:

(r∗, Z∗) = (r, z)
D

, (V ∗
r , V

∗
θ , V

∗
z ) = (Vr, Vθ, Vz)

ND
,

p∗ = p

ρ(ND)2 , R∗ = 2r
D
.

(14)
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4 Simulation steps

Since the vessel includes baffles, multiple reference frame (MRF) technique
was employed. This technique mainly depends on dividing the domain of
computation into two main parts. The first part is fixed and includes the
walls of the vessel with the baffles, while the second is in rotation and
includes the impeller. This technique was used in many previous works,
including [2, 18, 19]. In the absence of baffles inside the vessel, a rotating
reference frame (RRF) can be used as in works [1, 3, 8].

In order to achieve this simulation, both static and movable parts were
created by using Gambit. A tetrahedral mesh with concentration of ele-
ments around the impeller was generated as it is shown in Fig. 2. The grid
elements are constructed in this way because the flow layers are very sen-
sitive in the vicinity of the impeller, which is the main cause of the fluid
motion. The number of grid elements was selected based on the results of
grid independency tests.

Figure 2: Computational mesh of the mixing domain.

The commercial computational fluid dynamics package Ansys-CFX was
used to perform the calculations, solving the differential equations of con-
servation of mass and momentum (continuity and Navier-Stokes equations).
The SIMPLE (semi-implicit method for pressure linked equations) algo-
rithm was used for pressure-velocity coupling. The calculation results ter-
minate when the residua in equations become less than 10−7. No-slip bound-
ary condition was employed around the walls of the impeller and the vessel.
This condition provides the velocity gradient due to the effect of viscosity.
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5 Results and discussion

Before presenting the new results we must verify the effectiveness of the
method used in solving the considered problems. Therefore, we repeated
the same experiment that was done by Youcefi et al. [32] and Ameur and
Bouzit [8]. The first work is experimental, while the second work is nu-
merical. Both works concentrate on a two-bladed impeller that rotates at
a certain speed in a cylindrical vessel. The comparison of results between
previous works and our results is shown in Fig. 3. The first graph shows
the change of tangential velocity along the radius of the vessel. The graph
shows a good agreement between the results. The second graph is for the
variation of power number as a function of Reynolds number. Also, this
graph shows a good agreement between the results.

Figure 3: Validation test.

Figure 4 shows the effect of rotational speed and the number of blades on
the fluid motion in the middle section of the vessel with respect to the
direction z (Z∗ = z/D = 0.5), for the vessel without baffles. Note that
there are steady vortices near the walls of the container in the first case
(two-bladed impeller), for Re = 50. But as the fluid speed increases, either
by increasing the rotational speed or increasing the number of blades, this
gradually dampens these vortices. This observation is similar to the one that
was made in the previous work [2]. In other words, when the movement of
the impeller is weak, vortices form near the impeller, while they disappear
when the mixing speed increases. Furthermore, it is deduced from Fig. 4
that increasing the number of blades accelerates the movement of the fluid
inside the vessel.
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Re = 50 Re = 100 Re = 1000

Figure 4: Streamlines at Z∗ = 0.5 and l/D = 0 for three values of Re; two-bladed impeller
(top), four-bladed impeller (bottom).

Figure 5 presents the tangential velocity contours as a function of Reynolds
number and the number of blades. Note that the greater the Reynolds num-

Re = 50 Re = 100 Re = 1000

Figure 5: Contours of tangential velocity at Z∗ = 0.5 and l/D = 0 four three values of
Re; two-bladed impeller (top), four-bladed impeller (bottom).



78 M.S. Bouchouicha, H. Laidoudi, S. Hassouni, and O.D. Makinde

ber and/or the number of blades, the greater the fluid velocity expansion
within the space, which gives the mixing efficiency.In addition to this, the
uniform distribution of velocity indicates that the studied physical phe-
nomenon has no evolution in terms of time. It is also noted that the fluid
velocity is at its maximum value near the blades of the impeller and then
gradually decreases towards the wall of the vessel. Figure 6 illustrates the
linear distribution of the tangential velocity along the container radius. Val-
ues of the velocity and the location are written non-dimensionally. These
values are taken at three locations in the direction Z∗, 0.25, 0.5 and 0.75, at
a fixed value of Re = 50. It is noticed that the fluid speed increases closer
to the impeller location. Also, the greater the number of blades, the higher
the fluid velocity.

(a) (b)

(c)

Figure 6: Dimesnionless tangential velocity (V ∗
θ ) along the diemensionless radius (R∗) of

the vessel for Re = 50: (a) Z∗ = 0.25, (b) Z∗ = 0.5, (c) Z∗ = 0.75.
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Figure 7 shows the streamlines at the height Z∗ = 0.5 of the vessel
for three values of baffle length ratio (l/D) and for the rotational speed
corresponding to Re = 100. The first row is for the case of a two-bladed
impeller and the second row is for the case of a four-bladed impeller. It
is clear that there is a formation of recirculation zones around the baffles.
The size of these zones increases gradually with the increasing length of the
baffles.

l/D = 0.05 l/D = 0.1 l/D = 0.15

Figure 7: Streamlines at Z∗ = 0.5 and Re = 100 for three values of the ratio l/D; two-
bladed impeller (top), four-bladed impeller (bottom).

Figure 8 shows the tangential velocity contours at the same height (Z∗ =
0.5) and under the same previous conditions. It is noted that the increase
in the length of baffles reduces the flow velocity.

Figure 9 shows the distribution of tangential velocity along the radius
of the vessel at the height of Z∗ = 0.25 of the vessel for three baffle length
ratios for the case of a two-bladed impeller and the case of a four-bladed
impeller. The rotational speed of the impeller is constant in all cases and
corresponds to the value of Reynolds number equal to 500. It is noticed
that as the length of the baffles increases, the value of the flow velocity
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l/D = 0.05 l/D = 0.1 l/D = 0.15

Figure 8: Contours of tangential velocity at Z∗ = 0.5 and l/D = 0 four three values of
Re; two-bladed impeller (top), four-bladed impeller (bottom).

(a) (b)

Figure 9: Dimensionless tangential velocity (V ∗
θ ) along the dimensionless radius (R∗) of

the vessel for Z∗ = 0.25 and different ratios of l/D at Re = 500: (a) two-bladed
impeller, (b) four-bladed impeller.

decreases. The baffle makes the value of the velocity zero next to it and
this is very evident at the end of the graphs of the first and second case. It
is also noticed that the presence of the baffle has the ability to change the
pattern of fluid motion inside the container.
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Figure 10 shows the variation of the power number versus Reynolds
number and the baffle length ratio. The first graph (Fig. 10a) is for the
case of a two-bladed agitator and the graph (Fig. 10b) is for the case of
a four-bladed agitator. Before proceeding with analyses of the figure, we
remember that the shear-thinning fluid in the one that the increased flow
velocity decreases the viscosity of the fluid. Then, it is clear that the increase
inthe number of blades increases the power number due to the increase of
fluid friction. On the other hand, for the two cases considered, an increase
in the value of Re decreases the value of power number due to the decrease
of the fluid viscosity with the increasing flowvelocity. However, the effect
of length of the baffles is clearly absent for both casesof two-bladed and
four-bladed impellers. The power number decreases with Re, because with
the increase of Re, the frictional force is reduced, and this is what reduces
the total energy of the impeller.

(a) (b)

Figure 10: Variation of power number versus Re and ratio l/D: (a) two-bladed impeller,
(b) four-bladed impeller.

6 Conclusions
This work describes the results of numerical simulation of a complex fluid
in a mechanical mixer. The work was carried out in order to understand the
mixing process of this fluid. Some geometrical modifications were performed
in order to know their effect on the mixing process. The points dealt with
are: the rotational speed of the impeller, the number of blades and the
length of the baffles added on the vessel wall. The effect of these parameters
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on the flow velocity in the vessel and the consumed mechanical energy was
investigated. After analyzing the results, the following facts were noted:

• Increasing the number of blades and/or the rotational speed of the
impeller increases the flow velocity inside the vessel.

• The presence of the baffles on the vessel walls obstructs the flow
motion, and this is what makes the speed of the flow decrease as the
length of the baffles increases.

• The power number decreases as the rotational speed increases, while
the length of the baffles has no effect on this number.

• The power number increases with the increasing number of blades.

• As for the fluid motion, it is more consistent with the higher rotational
speed of the impeller.

Received 13 February 2023
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