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Abstract—A novel six-blade grid disc impeller (RT-G) was designed and the single-phase turbulent flow and mixing
in a baffled stirred tank agitated by this impeller were numerically studied by detached eddy simulation (DES) model.
For comparison, a standard Rushton impeller (RT) with the same dimension was also investigated. The numerical
results were compared with the reported experimental data and good agreements were obtained. Comparisons of the
mean velocity, turbulent kinetic energy, power consumption and mixing time of RT and RT-G were performed. Results
show that, for the tank stirred with RT-G, the velocity components can be increased in comparison with RT when the
same power is consumed. The increase of the turbulent kinetic energy is about 20-30%. Besides, the mixing time for
the tank stirred with RT-G is about 11% shorter than that of RT stirred tank operated at the same condition.
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INTRODUCTION

The stirred tank is one of the most widely used unit equipment
in the chemical, pharmaceutical, biochemical, wastewater treatment
and other industrial operations. However, its universality does not
guarantee that we know much enough about the mixing processes
occurring in it. Due to the complexity of the hydrodynamics in
stirred tanks, mixing problems are usually addressed on a case-by-
case basis. One of the main problems frequently encountered is
how to improve the mixing efficiency.

Many investigations have been carried out to improve the per-
formance of impellers and some efficient operation protocols have
been developed, such as co-reverse periodic rotation and time-depen-
dent fluctuation rotational speed protocols [1-5], eccentric impel-
ler configuration protocols [6-10], and so on. All these investigations
have proved to be profitable in increasing the mixing efficiency.
However, while the mixing efficiency can be increased by these ap-
proaches, they are nevertheless of limited practical application because
of the restriction of the motor and speed reducer about the co-reverse
periodic rotation and time-dependent fluctuation rotational speed
protocols, as well as low flexibility and reliability about the eccen-
tric impeller configuration protocols [11].

In addition, different new types of impellers are continuously
being developed [12-16]. We have designed a novel type of six-blade
grid-disc impeller (referred to as RT-G). The objective was to investi-
gate the turbulent flow and mixing performance of RT-G by using
the computational fluid dynamics (CFD) method. The results were
compared with those for RT to show its advantages in generating
efficient flow and mixing in the stirred tank.
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Numerical predictions of the mixing process require an accurate
presentation of the flow field. Previous studies have demonstrated
that numerical simulations based on Reynolds-averaged Navier-
Stokes (RANS) model can provide satisfactory results for the mean
flow field in stirred tanks [17-19]. However, they invariably under-
predict the turbulent kinetic energy, fail to capture the transient
nature of the turbulent structures, and cannot account for the details
of the vortices. This will certainly affect the predictions of the mix-
ing time. Actually; the prediction of mixing time based on RANS
model is usually two to three-times higher than that determined
from experiments or empirical correlations reported in the litera-
ture [20-22]. To predict the turbulent quantities at small scales pre-
cisely, large eddy simulation (LES) or direct numerical simulation
(DNS) is needed. However, LES and DNS both require expensive
computational resources, and therefore cannot be used as a practi-
cal tool for the design of impellers. As an alternative, we adopted
detached eddy simulation (DES) to investigate the turbulent flow
and mixing in stirred tanks driven by RT and RT-G. This model
combines the advantages of RANS and LES models, and can sim-
ulate the flow at less computational cost, as well as with high accu-
racy. Recent studies show that the DES model can also simulate
the turbulent flow and mixing processes in stirred tanks. When
performed on the same computational grid, which is under-resolved
in the sense of LES, DES allows a better accuracy. Besides, it can
provide improved predictions of the mean and turbulent quanti-
ties compared with those obtained by the RANS model [23-26].

The remainder of this paper is organized as follows: Section 2
describes the geometry and operating conditions of the stirred sys-
tem. Section 3 presents the details of the numerical simulation pro-
cesses and the numerical results are given in Section 4. Subsequently,
utilizing these results, analysis and discussions of the flow features,
mean velocity, turbulent kinetic energy, power consumption and
mixing time are carried out. Finally, the conclusions of this work
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are summarized in Section 5.
STIRRED TANK CONFIGURATIONS

As shown in Fig. 1, the stirred tank studied was a flat-bottomed
cylindrical tank agitated by a Rushton turbine (RT) and a novel
six-blade grid disc impeller (RT-G) proposed by the authors. Four
full height baffles were provided at intervals of 90° against the wall
of the tank. The dimensions of the stirred tanks are given in Table 1.
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Fig. 1. Schematic diagram of the (a) stirred tank, (b) RT and (c) RT-
G impeller investigated in this work.

Table 1. Dimensions of the stirred tank

Geometrical parameters (unit: mm) RT RT-G
Tank diameter (T) 147 147
Impeller shaft diameter (d) 8 8
Depth of liquid (H) 1T 1T
Impeller diameter (D) T/3 T/3
Impeller clearance (C) T/3 T/3
Impeller blade width (w) D/4 D/4
Impeller blade height (h) D/5 D/5
Impeller blade thickness (t;) 1.5 1.5
Disc thickness (t;) 1.5 1.5
Baffle width (B) T/10 T/10
Baffle thickness (tz) T/100 T/100
Opening size (p) / 35
Width of spoke (w;) / 1

Pure water with a density of p=2x10"kg-m~ and a dynamic vis-
cosity of £:=0.001 Pa-s was used as the working fluid. The rotational
speed of the impeller was N=600 rpm (10s™') in an anticlockwise
direction as viewed from above, corresponding to an impeller tip
speed u;,~1.54m-s"' and a Reynolds number .

PND’

Re= =2.4x10",

NUMERICAL SIMULATION

1. DES Model

The turbulent fluid flow in the stirred tank is predicted by the
DES model, which is formulated by replacing the distance func-
tion d in the one-equation Spalart-Allmaras (S-A) model with a
modified distance function:

d=min{d; CppA} 1)

where Cpg=0.65 is the model empirical constant and A is the larg-
est dimension of the grid cell in question. This modification of the
S-A model changes the interpretation of the model substantially.
In regions close to the wall, where d<CpsA, it behaves as a RANS
model. Away from the wall, where d>CpA, it behaves in a Sma-
gorinsky-like manner and is changed to the LES model. The gov-
erning equation of DES model can be given as follows:

O

(c £,— Cc“fz)(d)z @)

The methodology proposed here has already been used in our
previous work. For the purpose of simplicity, this is not given here.
For more information, refer to Yang et al. [24-26].

2. Mixing Model

The mixing process can be predicted by introducing a virtual
tracer and monitoring the concentration variations with time. In
this section, DES computations were carried out to investigate the
mixing processes of RT and RT-G. The mixing simulation was started
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Fig. 2. Arrangements of the scalar tracer injection point (Ill) and
the concentration monitoring points ( +) in the =0° plane.

after a steady flow solution had been obtained. A total of 2.1 ml
scalar tracer was added from the top surface at a location in the
plane 8=0°. The distance from the tracer injection location to the
axis of the stirred tank is 25 mm. The injection velocity was assumed
to be the same as that of the local flow in the stirred tank, so that
the tracer addition did not disturb the local flow structure. The con-
centration of the tracer was initialized as 1 in the feeding region,
and in the rest region as 0. A total of eight monitoring points in
the same plane were selected in regions of different agitation inten-
sity; and the axial and radial positions are shown in Fig. 2.

In the simulation of a passive scalar transport, the instantaneous
velocity affects the scalar evolution, while the passive scalar has no
effect on the flow characteristics, so there is only one way interac-
tion with the flow field. The scalar field is mathematically decou-
pled from the dynamical equations that govern the flow field and
the solution of the scalar field. Therefore, a fully developed turbu-
lent flow was used to solve the transient passive scalar transport
equation.

The non-reacting mixing process was simulated by solving the
scalar transport Eq. (3) to follow the transient concentration varia-
tions of the scalar tracer:

A2 1 v (o) =V [(17+ Fgrad (o] +5, ®

where is the scalar variable, u is the velocity vector, S, is the scalar
source term, /; is the molecular diffusivity of the scalar and 77 is

the eddy diffusivity which is related to the eddy viscosity by the
following relationship:

r==2 4

May, 2015

where ¢; is the turbulent Schmidt number and is used to define
the ratio of eddy viscosity to eddy diffusivity, which is in the range
0.7-0.9 depending on the type of flow. For the turbulent flow in
stirred tanks, it was taken as 0.7 in the present study.
3. Computational Grid

Considering the unsteady nature of the flow; the whole stirred
tank was modeled. The determination of the grid resolution is a
critical point for numerical simulation. In the present work, the
grids were prepared by the pre-processor Gambit 2.3 and a non-
uniformly distributed hybrid unstructured mesh consist of about
490,000 cells was used for the calculation. Much attention had been
given to locating more mesh points in the regions of high gradient
around the blades and discharge region, where about 170,000 cells
were employed. Along the impeller width, 25 nodes were assigned
with the minimal grid length equals to 0.5 mm, which equals to
about 0.01D. A similar grid resolution (970,997 cells for a stirred
tank with a diameter T=0.3 m and Re=4.17x10") was employed
by Zadghaffari et al. [27] in their LES study of the turbulent flow
and mixing in a stirred tank driven by a Rushton turbine, and sat-
isfactory results were obtained. The grids used here is also finer
than the locally refined grid (0.023D) used by Revstedt et al. [28],
who reported a good LES prediction of the turbulent flow. This
implies that the grid resolution used in the present work is ade-
quate to resolve the turbulent flow accurately.
4. Modeling Approach

The pressure-based Navier-Stokes algorithm was used for the
solution of the model with implicit solver formulation where the
absolute velocity formulation was adopted. To ensure smooth and
better convergence, initially the k-& computation was performed
until a steady state flow field was obtained. Subsequently, the result
of the steady-state computation was used as the initial solution to
perform the unsteady DES computation. For modeling the impel-
ler rotation, the multiple reference frame (MRF) method was used
for the k-& computation. Then it was switched to the fully tran-
sient sliding mesh (SM) method for the DES computation. In this
method, the rotation of the impeller is explicitly taken into account
and two fluid zones are defined: an inner rotating cylindrical vol-
ume centered on the impeller (rotor region) and an outer station-
ary zone containing the rest of the tank (stator region). In the present
study, the boundary of the rotor region was positioned at r=0.0375m
and 0.034 m<z<0.064 m (where z is the axial distance from the
bottom of the tank).

The initial condition for each simulation was that of still liquid.
A flat liquid surface was assumed at the liquid surface by setting
all the shear stress equal to zero. No-slip boundary condition was
used at the impeller blades, the shaft and the tank walls. For the
steady-state k-¢ simulation, the standard wall functions were used
to solve the near-wall flow. The SIMPLE algorithm was performed
to couple velocities and pressure terms. The continuity equation,
momentum conservation equation and k-& equation were all dis-
cretized using the second-order upwind scheme to obtain a high-
precision result. For the DES computation, The PISO discretiza-
tion scheme was adopted to couple velocities and pressure terms.
The PRESTO algorithm was adopted for the spatial discretization
of the pressure item because it is optimized for swirling and rotat-
ing flow. The second order implicit scheme was used for time dis-
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cretization. The bounded central differencing scheme was adopted
for spatial discretization of momentum and the modified turbu-
lent viscosity equation. This scheme blends the pure central differ-
encing scheme with first- and second-order upwind schemes, and
can reduce the unphysical oscillations in the solution field induced
by the central differencing scheme. The energy conservation equa-
tion and concentration equation were all solved using the second
order upwind scheme to obtain a high-precision result.

The time step and number of iterations are crucial to the tran-
sient DES modeling. The time step must be small enough to cap-
ture the flow features induced by the motion of the impeller. Fur-
thermore, it also must be considered with the grid to ensure a sta-
ble and converged solution. In the present work, the simulations
were performed with the time step At=1x10"*s. Within each time
step, a maximum of 40 iterations was performed so as to obtain
the converged solutions quickly. The solution was considered to be
fully converged when the normalized residuals of all variables were
less than 1x10™, All the simulations were performed using the com-
mercial CFD software Fluent 12.0 (Fluent Inc.,, USA) on a DEIl T7500
workstation with two hex-core Xeon X5650 (2.67 GHz) proces-
sors and 32GB RAM in a parallel model.
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Fig. 3. Velocity vectors for the stirred tank agitated by (a) RT and
(b) RT-G in the 0-180° plane at the time t=2s.

RESULTS AND DISCUSSION

1. Flow Fields

The mixing performance of an impeller depends on the flow
pattern generated in the stirred tank. Generally speaking, the more
turbulent of the flow field, the faster the mixing can be completed.
Here, we first compared the flow fields generated by RT and RT-G
by comparing the flow features, mean velocity and turbulent kinetic
energy profiles. Then, we pointed out the promising potential of
RT-G for improving the mixing time and validate it in section 4.2.
1-1. Flow Features

Note that the flow field in the stirred tank is transient even after
it is converged. For simplicity, here we only chose the velocity vec-
tors at the time instant t=2 s (corresponding to 20 impeller revolu-
tions) in the 6=0" plane for an example to clarify the differences
of flow structures between RT and RT-G. The results are given in
Fig. 3. Clealy, the fluid flow in the stirred tank is fully transient.
Besides the large circulation loops, irregular secondary recirculation
structures and many small vortexes of different scales are present
throughout the tank. The flow fields generated by RT and RT-G
are somewhat different. The most pronounced is that the axial flow
capacity generated by RT-G is improved. Furthermore, differences
between the velocity magnitudes are also apparent. The differences
are partly due to intrinsic turbulent fluctuations, and partly due to
the difference between the RT and RT-G configurations. Above
analysis shows that a mixing performance improvement should be
achieved by RT-G and this will be proved in section 4.2.

1-2. Mean Velocity Profiles

To do a quantitative analysis, mean velocity profiles in the verti-
cal plane @=0° of the stirred tank are given in Fig. 4. For compari-
son, the LDV results of Hockey [29] and the k-¢ results of Javed et
al. [30] are also presented. In these plots, the radial position r is
normalized by the radius R of the stirred tank and the mean veloc-
ity is normalized by the blade tip velocity u,,. Note that, although
the dimensions of the stirred tank studied in this paper are differ-
ent from that used by Javed et al. [30], geometrical similarity and
fully turbulent flow conditions allow the direct comparison of the
normalized velocity profiles [27].

In Fig. 4(a), the mean axial velocity u, is depicted in the region
near the liquid surface, as well as axial levels below and above the
impeller. Good agreements between the DES and LDV results of
the axial velocity generated by RT can be clearly observed from
these plots, and thus, it can be said that applied methodology has
yielded an acceptable agreement between experimental and simu-
lated values, and accordingly, no experimental measurements of
the velocity components generated by RT-G were performed. In
addition, the axial velocities of the fluid in the tank stirred by RT-
G are increased compared to those of the RT agitated tank, espe-
cially in the impeller discharge flow region. At the height of z/H=04,
the maximum increase of the axial velocities is about 30%. The in-
crease of the axial velocity components is not so much in the regions
near the stirred tank bottom and the liquid surface. For example,
at the height of z/H=0.8, the maximum increase of the axial veloc-
ities is no more 20%. It can be concluded that RT-G can improve
the uniformity of the axial velocity distributions and strengthen
the circulation of the fluid in the stirred tank.

Korean J. Chem. Eng.(Vol. 32, No. 5)
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Fig. 4. Comparisons between the radial profiles of the mean (a) axial, (b) radial and (c) tangential velocity generated by RT and RT-G.

The radial velocity u, is shown as radial profiles at seven axial
levels in Fig. 4(b). Again, good agreement between the DES and
LDV results has been achieved. By comparison, the radial velocities
generated by RT-G have also been increased, though the increase

May, 2015

is not so much than those of the axial components. The most notice-
able increases can be found in the region above and below the im-
peller. In the region away from the impeller, only a little increase
can be detected.
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Fig. 4(c) reports radial profiles of the tangential velocity u, at
three axial levels below the impeller. The prediction of tangential
velocity cannot be evaluated in the regions above the impeller, as no
experimental data in these regions were reported by Hockey [29].
It is evident that tangential velocity is small. However, relatively
speaking, it is improved the most when compared with the other
two velocity components, especially at the axial level of z/H=0.27,
where a maximum increase of about three times can be detected.
1-3. Turbulent Kinetic Energy

To address why RT-G can increase the mean velocity compo-
nents, the mixing mechanism was analyzed. It has already been
confirmed that concentric stirred tank mixes only by virtue of per-
turbations generated by the periodic passing of impeller blades,
which is responsible for the bulk convective mixing [31]. In this
respect, RT and RT-G are equivalent in producing macro-mixing.
Then, we can deduce there must be other reasons that cause the
differences in the velocity profiles.

Besides the bulk convective motion, mixing in the stirred tank
is also achieved by turbulent and molecular diffusion. In most cases,
molecular diffusion is slow and it mainly contributes to the micro-
mixing. Consequently, the probable reason may be the turbulent
diffusion. Therefore, we analyzed the turbulent kinetic energy pro-
files in the whole stirred tank. In incompressible flows, the instan-
taneous quantity can be decomposed into three parts: a time average
component, a deterministic periodic oscillation component, and a
turbulent fluctuation component [32]. For the instantaneous veloc-
ity, it can be decomposed into the following three terms:

u =0+, +u; )

Accordingly, periodic and turbulent kinetic energy components
can be determined. In Hockey [29], the turbulent kinetic energy
was obtained from the experimentally measured fluctuating veloc-
ities. Following the same approach, the turbulent fluctuating com-
ponent of the velocities was used to compute the turbulent kinetic
energy by using the following expression:

13 2 .
kzizui (1:r, 9’2) (6)
i=1

The quantitative comparison between the turbulent kinetic ener-
gies generated by the RT and RT-G is shown in Fig. 5. Clealy, the
turbulent fluctuations in the tank stirred by RT-G are more intense
than that in the tank stirred by RT. In the regions above and below
the impeller, an average increase of nearly 30% can be observed.
Away from the impeller, the average increase is relatively low; but it
is still about 20%. Such increases may be attributed to the fact that,
in the stirred tank agitated by RT-G, the fluid above and below the
impeller can directly exchange with each other. This will inevitably
modify the turbulence structures and result in much more small-
scale vortices in the impeller region. Simultaneously, these small-
scale vortices are spread to other regions in the stirred tank by bulk
convective mixing and certainly affect the profiles of the turbulent
kinetic energies.

2. Mixing Characteristics
2-1. General Mixing Pattern

The simulated 2D contour plots of the scalar concentration in

the (r—z) vertical planes at 0° and 180° angular positions, which
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Fig. 5. Comparisons between the radial profiles of turbulent kinetic
energy generated by RT and RT-G.

e

clearly express the scalar concentration evolution in the tank, are
shown in Fig. 6 and 7. It is apparent that the DES model can pro-
vide detailed spatial and temporal evolution of the scalar concen-
tration and accordingly give the mixing characteristics during the
mixing stages at various positions. Overall, the mixing patterns of
RT and RT-G are similar. After injection, the tracer is transported
in the tangential direction near the top surface of the liquid and
also in the axial direction towards the impeller. When the tracer
reaches the impeller, it is transported towards the tank wall by the
impeller stream. Then the tracer splits upwards and downwards
along the wall. With progress in time, the tracer moves towards
the top liquid surface as well as the bottom of the tank. The tracer
is then convected back towards the impeller by the recirculating
flows in the upper and lower parts of the tank. Finally, the tracer
concentration field approaches a uniform distribution after about
3.0s. The predicted evolution of the tracer concentration field in
the tank resembles qualitatively that observed using high-speed
video visualization by Togatorop and Mann [33] and the k- pre-
dictions of Javed et al. [30]. However, the k-¢ predicted concentra-
tion field is symmetrical, while the DES predicted tracer concen-
tration field is asymmetrical, indicating that DES model can cap-
ture the transient mixing process in the stirred tank. Besides, in
the tank agitated by RT-G, a faster mixing process can be achieved
than the RT agitated tank. This finding shows that RT-G can give
better mixing performance than RT.
2-2. Mixing Time

Mixing times can be determined based on the tracer concentra-
tion variation curves using the conventional 95% ruler, which is

Korean J. Chem. Eng.(Vol. 32, No. 5)
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Fig. 6. DES predicted tracer concentration distributions of RT as a function of time in the r-z vertical plane: (a) 0.3, (b) 1, (c) 2 and
(d) 4 s after injection of the scalar tracer.
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Table 2. Mixing times of RT and RT-G

Mixing time, tys (s)

Mom.tormg RT RT-G
points

k-g Experimental DES DES

A 3.1 3.1 31 2.7

B 2.8 35 3.0 2.8

C 22 3.0 2.8 2.7

D 29 3.0 2.8 2.5

G 29 3.6 29 2.5

H 27 28 27 24

I 25 3.6 29 24

J 24 25 24 23
Average 2.7 3.1 2.8 2.5

the time required for the tracer concentration to reach +5% of the
final equilibrium value. Typical variations of the tracer concentra-
tion with time at the selected monitoring points in the stirred tank
are shown in Fig. 8. In these plots, the tracer concentration was
normalized by the fully mixed value and the mixing time was denoted
as ;. No matter RT or RT-G, there are both large fluctuations of
the tracer concentration in the initial stages of mixing. Then it ap-
proaches the equilibrium value asymptotically. However, the time
needed for RT and RT-G to approach the final equilibrium value
is different, and this can be confirmed by the DES predicted mix-
ing times listed in Table 2. No mixing time experiment was con-
ducted here and the numerical results were compared with the ex-
perimental data from literature. For comparison purposes, the k-¢
predictions and the experimental results of RT cited from the liter-
ature of Javed et al. [30] and Distelhoff et al. [34] are also listed.
Generally, the DES predicted mixing times of RT compare well,
with an under-prediction within 20%, with the values measured
by PLIF experiments. By comparison, the k-¢ predictions are not
so good. From Table 2, the mixing time is a local variable, which
depends on the positions of the monitoring points. By contrast,
variations of the mixing times for RT-G at different monitoring
points are small, which shows that RT-G can improve the mixing
uniformity and has better mixing performance than RT. Besides,
the average mixing time of RT-G is about 11% shorter than that of
RT determined at the same condition. The magnitude of the dif-
ference between the local mixing times of the two impellers varies
with positions. The biggest difference is up to 17.5%, which is found
in the impeller discharge flow region, indicating that RT-G is more
efficient.
3. Power Consumption

Power consumption is a very important parameter which con-
tributes significantly to the overall operation costs of a stirred tank.
It is defined as the amount of energy necessary in a period of time
to generate the movement of the fluid within the tank by means of
mechanical agitation [35]. A stirred tank in which the mixing pro-
cess can be performed efficiently with the lowest mixing time and
with the minimum energy is the most highly desired.

There are many devices that can be used to measure the power
consumption in stirred tanks, such as wattmeter, ammeter, calo-
rimeter, dynamometer, torquemeter and systems based on strain
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gauges. The principles of these systems and their characteristics
are reviewed by Ascanio et al. [35]. In the present work, we meas-
ured the power consumption with a torque transducer mounted
on the impeller shaft. It can be adapted for real-time measurements
of the torque, impeller rotational speed and power consumption. It
is worth noting that the power consumed by the motor, bearing
box, as well as the energy losses due to friction, must be taken into
account when computing the power consumed by the fluid. There-
fore, the power consumptions with and without load were respec-
tively measured and the difference between them is the actual power
consumption.

The non-dimensional power number is commonly used to eval-
uate the efficiency of stirred tanks:

P

N=—"
PN’D’

P

%)

where P is the power consumption, which can be calculated as the
angular velocity times the torque acting on impeller blades and shaft
[36]:

P:w~M:w-jArxr-dA 8)

where @ is the angular velocity vector, M is the torque, A is the
surface of the impeller and shaft, r is the position vector, 7 is the
stress tensor;, and dA is the differential surface vector. The proce-
dure of power estimation directly from a calculation of the total
torque required to rotate the shaft and impeller is reliable because
the flow field around the impeller is resolved. It is not necessary to
calculate the viscous energy dissipation term from the calculated
velocity field and accordingly; reduces the computational time require-
ment [37].

The simulated and experimentally measured power numbers of
RT and RT-G are compared in Table 3. From a quantitative com-
parison, the simulated power numbers of RT and RT-G are in good
agreement with the experimental values with an under-prediction
within 10%. For RT, the experimentally determined power num-
ber is 5.42, which is consistent with the result reported by Ruther-
ford et al. [38]. By comparison, the power number of RT-G is about
1.3% lower than the counterpart of RT. The difference is negligi-
ble and we can conclude that the power consumptions of RT and
RT-G under the same operating conditions are identical.

CONCLUSIONS
The turbulent flow and mixing in a tank stirred by RT-G was
studied using the DES model. The sliding mesh approach was em-

ployed to simulate the rotation of the impeller. Computations of
the mean velocity components, turbulent kinetic energy, power con-

Table 3. Power numbers of RT and RT-G

Impeller  Experimental result ~ Numerical result A (%)°
RT 5.42 494 —-8.86
RT-G 5.35 4.86 -9.16

“Difference between the simulated and experimentally measured
values
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sumption and mixing time were conducted. The results were com-
pared with those of RT and good improvements were observed.
Specifically, the axial velocities can be increased about 20% com-
pared with those in the tank stirred by RT. The increase of radial
velocities is not so much and the tangential component is the least
affected except in the region near the impeller. RT-G can also im-
prove the turbulent kinetic energy and can achieve homogeneous
mixing status faster than RT under the same operating condition
with the same power consumption.

Finally, the effects of the impeller rotational speed, impeller diam-
eter, and grid opening size should further investigated to evaluate
the hydrodynamics and mixing performance of RT-G. In addition,
an optimized design of the configuration of RT-G and its applica-
tion in the gas-liquid mixing, especially the gas dispersion perfor-
mance in the region adjacent to the impeller, should also be carried
out.
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