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1. Introduction
The agitation-mixing is a very common operation in
the industry process (chemicals, food, pharmaceuticals, etc.)
used to obtain close contact between two phases, to get a reaction or promote mass or heat transfer. The detailed knowledge
of hydrodynamic structures of turbulent flows in these systems
allows to understand the transport phenomena. It also improves the performance of mobile agitation implemented by
the development of optimal geometric and operating conditions for simultaneously improving the quality of the mixture
and saving energy. Numerical simulations are conducted by
Hao et al. [1] to investigate the effect of bottom shape on the
hydrodynamics and particle suspension in a DTB crystallizer.
Ameur [2] carried out an interesting study on the effects of the
impeller clearance from the tank bottom by realizing three
types of configurations: a flat bottomed cylindrical vessel, a
dished bottomed cylindrical vessel and a spherical vessel. He
concluded then that the tank with spherical shape provides uniform flows in the whole vessel volume and it requires less energy consumption. Different geometries of tank were analyzed, by varying impeller distance from vessel bottom using
three types of impeller (Rushton turbine, Lightnin A310,
Pitched Blade Turbine) experimentally study by Busciglio et
al. [3]. For each investigated geometry, the deformed free-surface was analyzed at different impeller speeds. From instabilities on the dynamic flow Pieralisi et al. [4] investigated by
Particle Image Velocimetry (PIV) in two cylindrical stirred
tanks with different dimensions, named T49 and T23. In the
first case T49, three different liquid heights were employed,
(HL= 0.69H; 0.78H and 0.92H, respectively) and for the second case T23, two different liquid heights were employed, (HL
= 0.71H and 0.83H). Comparative study by Yang et al. [5] was
made, on the influences of 10 different water tank shapes on
thermal energy storage capacity and thermal stratification in
the static mode operation under laminar natural convection.
Using PIV, Rodriguez et al. [6] investigated in the flat bottom
tank with the objective to evaluate the effects of conical
shaped bottoms of different height on the fluid flow, configuration A (cone height, hcone= 5 mm; angle from the horizontal,
αcone= 6.3°) and configuration B (hcone= 15 mm; αcone= 18.4°).
They found that the flow in cylindrical bioreactors with conical bottoms is characterized by toroidal vortices expanding towards the bottom with increasing Froude number (Fr), as is
the case for a standard flat configuration, while for the cone
with the highest inclination examined (conical B) the vortices
reaching the bottom at a lower Fr. Numerical and experimental

studies carried out by Antonija et al. [7] simulate the mobile
type effect of agitation and its position in a cooling catalyst on
increasing kinetic crystal borax decahydrate. The geometry
used is a cylindrical flat bottom tank equipped with four baffles placed at 90° with a distance ratio between the impeller
and the bottom varies from 0.1 to 0.5 for three types of turbines
and four different blades (blade turbine SBT right, pitched
blade turbine PBT and A310 hydrofoil impeller). The parametric analysis was treated by Ayranci et al. [8] on the hypothesis that at complete off-bottom suspension is a critical flow
condition that exists close to the bottom of the tank at every
clearance for fixed solids, tank geometry and constant circulation pattern, using visual observations of the tank bottom employing PIV and LES devices. The experimental study performed by Ghionzoli et al. [9] in a baffled vessel stirred with
a 45° pitched blade turbine, to evaluate the influence of the
bottom roughness on particle suspension. A comparative study
conducted by Jie et al. [10] on the bottom shape and the baffles
length in two agitated tanks, flat bottom and dished bottom
equipped with a Rushton turbine on the distribution of velocity
in transitional and turbulent flow. The effect of eccentrically
located position of impeller on mixing time was investigated
by Koji et al. [11] in agitated vessels of different bottom
shapes. An experimental and theoretical studies were made by
Bruha et al. [12] on the dynamic flow patterns and their influence on the liquid surface in a cylindrical stirred tank flat-filled
water equipped with a 6-blade impeller inclined 45° to the bottom pumping. LDV method was used by Aubin et al. [13] to
measure one phase turbulent flow regime in a baffle-bottomed
tank with two different mobile PBT6 agitation and axial
MTT6 operational in two high-beats pumping modes. By
changing the pumping direction in the low mode, they observed the formation of two loops of circulation, a lower and
upper second turbine with a good high pumping achieved a
value of 22.5% (PBT) and 13.7% (MTT). Aubin et al. [14]
studied numerically the influence of the pumping direction for
a turbine to six inclined blades. They concluded that the number of power and the pumping number is greater in one direction than in the other. Zied et al. [15] used a specific code CFD
for numerical analysis in order to study the influence of inclination angles β of blades 45°, 60° and 75° on the distribution
of fields velocity and characteristic of turbulence in a stirred
vessel equipped with 6 blades.
The present work aims to determine the influence
of geometrical parameter of a stirred vessel with down
pumping direction from a pitched blade turbine (PBT 45°)
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on the hydrodynamic flow structure. The effect of the addition of a cylindrical bump in the center of dished bottom
tank and the reduction of the bottom height with the same
distance by realizing four geometries are also investigated.
2. Geometry configurations
In this paper four geometrically scaled vessels are
chosen in Fig. 1 with different tank height: H1=0.190 m,
H2=0.177 m, H3=0.164 m and H4=0.152 m. The first system
configuration case1 is similar to Aubin et al. application
(2004). Tank height is the same to the diameter H=T for
each system, and completely filled with water. In each case,
the six pitched blades turbine PBT45° with diameter
D1=H1/2, D2=H2/2, D3=H3/2 and D4=H4/2, respectively located at an off-bottom clearance C1=H1/3, C2=H2/3,
C3=H3/3 and C4=H4/3. The distance F between the bottom
tank and the bump top is 0.010 m and the Reynolds numbers
from 45000 were diameter E=D/4. investigated.

Fig. 1 Mixing vessel dimensions
Table 1

Geometrical configuration parameters
Cases

Tank diameter (m)

Impeller diameter (m)

Clearance (m)

Vessel type

Case 1
Case 2
Case 3
Case 4

H1=0.190
H2=0.177
H3=0.164
H4=0.152

D1=0.095
D2=0.088
D3=0.082
D4=0.076

C1=0.063
C2=0.059
C3=0.054
C4=0.050

Dished bottom
Dished bottom
Dished bottom
Flat bottom

the method called frozen rotor. The simulation is calculated
on a Pentium (R) Core i7 with 8.0 GB of RAM.

3. Numerical procedure
In this work the pre-processor (ICEM CFD) was
used to discretize the 3D flow domain with a tetrahedral
mesh Fig. 2. Increased mesh density was used near the impeller and tank walls to capture the flow details at the boundary layer. A large number of nodes defining the curvature of
the blades was created on the edge of the impeller which
result in very refined mesh in this area. The domain is divided into two distinct zones. A rotating zone (Fig. 2, b) that
describes the rotational motion of the fluid around the impeller, this zone is discretize with 188773 nodes. Tank walls
and baffles constitutes the stationery zone (Fig. 2, a) by
530208 nodes.

4. Mathematical formulation
4.1. Governing equations

The flow in a stirred vessel can be solved with the
equations that describe the Navier-Stokes conservation matter and the of amount of movement. Moreover, the equations
are written in their averaged form RANS (Reynolds Averaged Navier Stokes) used in the case of a turbulent flow, due
to the time of the turbulence scales being very weak.
The conservation of matter gives:

t

.  t   0,

(1)

where:  is the density, t is the time and u velocity.
Conservation of momentum:

t





 .   u  u   .     u   u    g  0,

(2)

where: τ is the shear stress and is given by:

a) Stationery zone

b) Rotating zone

Fig. 2 Tetrahedral mesh generation
The boundary conditions are introduced in code
ANSYS CFX-Pre, using the multiple referential approach
(MRF). In this approach, the flow fields are connected at the
interior surfaces (interface) separating the two domains by



   p    u    u 

T



,

(3)



for a Newtonian fluid, the term   u   u  called Reynolds
stress, is the product of velocity fluctuations, and it appears
when the equations are averaged. It represents the transport
of momentum by the turbulence, and it must be modeled to
solve the equations.
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For each species, the form equation can write as

5. Numerical results

fellow:
5.1. Comparison with experimental results
 c
t





 .   uc   . D c   c u   R ,

(4)

where: C is the species concentration, D is laminar diffusion coefficient and R is represents the terms due to reactions.
4.2. Turbulent modeling

Fig. 3 shows the radial profile of dimensionless turbulent kinetic energy in axial position z/H=0.11 at downpumping in the stirred vessel equipped with pitched-blade
turbine a 45° PBT6. The comparison between the numerical
results and the experimental results found by Aubin et al.
[14] shows good agreement, which proves the validity of the
adopted numerical method.

4.2.1. K-ε model
This model which dates from 1970, is based on the
following two equations representing the conservation of
the turbulent kinetic energy k and the dissipation rate of the
turbulent kinetic energy  respectively:
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Fig. 3 Radial profiles of dimensionless turbulent kinetic energy for N =300 rpm, z H =0.11 Dp
(6)

.

5.2. Results and discussion

In the above equations, the quantity P is the production of kinetic energy, which is calculated from:



P   eff  u .  u    u 

T

,

 eff     t    C  

(7)
k2



(8)

.

where:  eff is the effective viscosity and  t is the turbulent
viscosity. Eqs. (6) and (7) are based on exact equations but
reveal required constants to model the turbulence. The
"standard" constant values are:
C   0.09 , C1  1.44 , C2  1.92 ,  k  1.0,    1.3.

a- case 1

b-case 2

5.2.1. Turbulent viscosity distribution
Fig.4 represents the turbulent viscosity distribution
in the vertical plan for four configurations. From these results, it is found that the seat of the maximum values of turbulent viscosity region is located at the tips of the blades.
The closer bump to the turbine intensifies the displacement
of the turbulent viscosity towards the tank solid walls. Also
it is noted that for both configurations tank with dished bottom case 2 and case 3 (Fig. 4, b and 4, c), the wake of the
turbulent viscosity grows at the upper part of the tank compared to the other two configurations case 1 and case 4
(Fig. 4, a and 4, d). More the distance turbine-bump becomes large or close, the turbulent viscosity in the upper part
of tank becomes weaker. Maximal values are obtained from
case 1 tank with flat bottom (Fig. 4, d).

c-case 3

d- case 4

Fig. 4 Turbulent viscosity contours in vertical plane for different configurations (Table 1)
5.2.2. Turbulent kinetic energy distribution
The turbulent kinetic energy distribution is shown
in Fig. 5 on the vertical plane respectively. The turbulent

kinetic energy keeps a high value at the proximity side wall
of the tank for the 3rd and 4th configurations case 3 and case
4 (Fig. 5, c and 5, d). These results show that the volume
swept by the turbine and the change action of the trajectory
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is very low with 0.06 m2/s2 compared to the other configurations.

jet caused by the bump. In the first configuration case 1 tank
with dished bottom (Fig. 5, a), the turbulent kinetic energy

a- case 1

b-case 2

c-case 3

d- case 4

Fig. 4 Turbulent kinetic energy in vertical plane for different configurations (Table 1)
5.2.3. Radial profiles of turbulent kinetic energy

dished bottom case 1 and case 2, the turbulent viscosity is
very low compared to the other configurations case 3 and
case 4 as the position of z changes from 5 mm (mid-bump)
to 15 mm. Also it is noted that the optimal values of K * is
extended in the case 4 tank with flat bottom. As the height
of the rounded bottom becomes important with the presence
of the bump, the turbulent kinetic energy decreases.

The profiles plotted on Fig. 6 give the distribution
of turbulent kinetic energy dimensionless for four cases at
different axial positions from vessel base z =5, 10 and
15 mm for each configuration. Starting from z =10 mm at
the top of bump it can be see that turbulent kinetic energy
increases with improvement for geometrical configuration
named case 3 (Fig. 6, b). In the both configurations tank with
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Fig. 6 Radial profiles of the turbulent kinetic energy for different positions a) z =5 mm, b) z =10 mm, c) z =15 mm
5.2.4. Mean velocity distribution
The vertical presentation planes of average velocity distribution illustrated in Fig. 7 for four geometries.
Globally, in the domain swept by the turbine blades, the velocity remains enough elevated. For each configuration the

a- case 1

b-case 2

development of a circulating movement, with the intensity
varies according to the bottom shape effect. In case 4 vessel
with flat bottom shape (Fig. 7, d), the velocity obtained optimal value of 2.15 m/s.

c-case 3

Fig. 5 Mean velocity in vertical plane for different configurations (Table 1)

d- case 4
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5.2.5. Flow patterns in r-z plan
The velocity vectors flow generated for all configuration studies are shown in Fig. 8. These figures indicate
the dominance of a radial jet originating from the turbines
and divide in two jets when it reaches the side wall of the
tank. The descending jet creates an intense recirculation

a- case 1

zone at the bottom, whilst the ascending jet decreases gradually on the configurations case 1, case 2 and case 4 (Fig. 8,
a, b and d). But a very larger circulation loops are formed
below the impeller near the vertical solid wall of tank in case
3 with a dished bottom (Fig. 8, c). This explains by the reduction of bottom height and shape of vessel base for each
configuration.

b-case 2

c-case 3

d- case 4

Fig. 8 Flow patterns in vertical plane for different configuration (Table 1)
5.2.6. Tangential velocity
The tangential velocity dimensionless is plotted in
Fig. 9 for the four cases studied with different axial levels at
the bottom tank z =5, 10 and 15 mm. Globally, we note a
great similarity between these profiles. At mid-bump z
=5 mm the velocity optimum values obtained for case 4 tank
0.4

with flat bottom shape at +0.25 and -0.35 corresponding to
r *= 0.28 (Fig. 9, a) and r *= 0.95. Fig. 9, b and c clearly
indicates maximum values of tangential velocity magnitude
for two positions z =10 mm and z =15 mm with range
0.1 < r *< 0 from all configurations. The bottom shape and
length of the baffles forced the recirculation loops from tangential velocity with negatives values.
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Fig. 9 Tangential velocity for different positions a) z =5 mm, b) z =10 mm, c) z =15 mm
r*

5.2.7. Radial velocity
The radial velocity profile dimensionless observed
in the vessel base (Fig. 10). At mid-bump z =5 mm, the profiles for the four curves are distributed with decreasing manner for case 1, case 2, case 3 and case 4 (Fig. 10, a). The
radial velocity distribution is reversed and became case 4,
case 3, case 1 and case 2 (Fig. 10, c) as the axial position
change from z =5 mm to z =15 mm caused by the reduction
of the distance between bump and the turbine. The negative
velocity values indicate a recirculation zone in the range
0.2 < r *< 1.
6. Conclusions
The investigation in this work was to determine the
effect of an approaching bump at the turbine with different

geometries. From the presented results the following conclusions can be deduced:
In planes r-z the effect from the reduction on the
bottom height for all configurations tank with bump allows
good growth parameters mixture for turbulent viscosity, turbulent kinetic energy and mean velocity.
The closer bump to the turbine causes an intensive
movement of the turbulent viscosity toward the tanks solid
walls and a good improvement on the upper part for both
configurations case 2 and case 3. It minimizes the stagnation
of the turbulent kinetic energy at the bottom tanks.
The values of the velocity components and turbulent kinetic energy dimensionless are less elevated near the
bottom at mid-bump z =5 mm. This is due to the reduction
of the passage section from the fluid at the vessel base. As
the position changes from z =10 to z =15 mm, the acceleration of the velocity dimensionless, causes by the absence
of obstacle trajectory flow.
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Fig. 10 Radial velocity for different positions a) z =5 mm, b) z = 10 mm, c) z =15 mm
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A. Belhanafi, M. Bouzit
NUMERICAL INVESTIGATION OF HYDRODYNAMICS INDUCED BY A PITCHED BLADE TURBINE:
EFFECT OF THE SHAPE OF VESSEL BASE
Summary
This paper presents a numerical analysis influence
of bottom shape on the hydrodynamic structure for cylindrical stirred vessel with bump. The turbulent flow generated
in stirred tanks is numerically predicted by the resolution of
the Navier-Stokes equation using standard k-ε turbulent
model. Several parameters on the mixture efficiency has
been investigated. Particularly, we have studied the bottom
shape of the tank, which is the distance between the bumpturbine with down pumping direction and impeller diameter.
The numerical obtained results of the CFD (computational
fluid dynamics) code CFX V13.0 with the MRF (Multi Reference Frame) are presented in order to understand the flow
structure. The three components velocity profiles and the
turbulent kinetic energy dimensionless distributions obtained at bottom tanks with three different heights are analyzed and discussed. From these results, we can confirm that
including a bump at the bottom center of the tank closer to
the turbine improves significantly the operating conditions
of stirring and mixing. Predictions have been compared with
literature data and a satisfactory agreement has been found.
Keywords: bottom shape, mixing, pitched bade turbine,
tank height, turbulent flow.
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