
 

 

 

Trans. Nonferrous Met. Soc. China 31(2021) 1806−1817 

 
Parametric study of gas−liquid two-phase flow field in 

horizontal stirred tank 
 

Zhi-bin CHEN1, Hong-jie YAN1, Ping ZHOU1, Ping YANG2, Jie-hui DING2, Jia LIU1, Liu LIU1 
 

1. School of Energy Science and Engineering, Central South University, Changsha 410083, China; 

2. Shenzhen Zhongjin Lingnan Non-ferrous Metal Company Limited, Shenzhen 518040, China 
 

Received 24 June 2020; accepted 30 December 2020 
                                                                                                  

 
Abstract: Based on Fluent software, the gas−liquid two-phase flow in the horizontal stirred tank was simulated with 
SST k−ω turbulence model, Eulerian−Eulerian two-fluid model, and multi-reference flame method. The mixing process 
in the tank was calculated by tracer method. The results show that increasing the rotating speed or gas flow is conducive 
to a more uniform distribution of the gas phase and accelerates the mixing of the liquid phase. When the rotating speed 
exceeds 93 r/min, the relative power demand remains basically constant. The change in the inclination angle of the 
upper impeller has minimal effect on the gas phase distribution. When the inclination angle is 50°, the relative power 
demand reaches the maximum. An appropriate increase in the impeller distance from the bottom improves the gas 
holdup and gas phase distribution but increases the liquid phase mixing time. 
Key words: horizontal stirred tank; gas−liquid two-phase flow; Eulerian−Eulerian two-fluid model; multiple reference 
frame method 
                                                                                                             

 

 

1 Introduction 
 

With the continuous development of the zinc 
smelting industry and the continuous increase in the 
demand for zinc resources, high-grade zinc-bearing 
mineral resources are becoming scarcer. The use of 
low-grade and associated resources to extract zinc 
metal has become a sustainable trend in the zinc 
smelting industry. Zinc hydrometallurgy technology 
has advantages such as low cost, a wide range of 
suitable ore grades, high recovery rate, and high 
level of automation in the production process [1]. It 
has been widely used in the zinc smelting industry 
in China and other countries, with an output 
accounting for more than 45% of the total zinc 
output in the world [2]. The stirred tank is the 
primary component of the leaching process for zinc 
hydrometallurgy. During the leaching process, the 

gas is injected into the tank by the oxygen lance at 
the tank bottom, resulting in a complex multiphase 
flow inside the tank, and interacts with the liquid 
phase and solid phase in the tank in a series of 
physical and chemical reactions [3−5]. In the actual 
production process, due to the closed nature of the 
stirred tank, it is difficult to control the complex 
multiphase flow behavior in the tank using only 
experience and the limited testing methods, which 
greatly hinders the improvement of the on-site 
operation and the further optimization of the stirred 
tank [6]. With the recent rapid improvements in 
computer technology, computational fluid dynamics 
(CFD) has gradually become an important research 
method for the visualization and parameter 
optimization of metallurgical processes. Its global 
information acquisition can provide an effective 
means for the improvement of the on-site operation 
and the further optimization of the stirred tank. 
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CFD technology has been widely used in the 
simulation of stirred tank flow field. SHI and 
ROLAND [7] successfully predicted the phase 
velocity and gas holdup in the experimental scale 
stirred tank by using the modified turbulence model 
and traction force model. SHI and ROLAND [8] 
also proved that CFD can successfully reproduce 
the solid−liquid two-phase flow behavior in the 
stirred tank, including the solid velocity, volume 
fraction, liquid velocity and turbulence parameters. 
OCHIENG et al [9] investigated the effects of the 
height of the impeller from the bottom on the 
mixing efficiency, using CFD technology and used 
laser Doppler velocimetry (LDV) to effectively 
validate the mathematical model. ZHAO et al [10] 
compared the improved intermediate impeller 
(special oblique baffle) with the standard 
intermediate impeller by using CFD, and found that 
the improved impeller promoted the fluid 
circulation and had lower energy consumption. For 
industrial-scale stirred tanks, MARION et al [11] 
used CFD to study single-phase flow behavior of 
the multistage stirred tank, and found that the 
vertical impeller used to strengthen impeller 
structure had quite positive influence on axial 
circulation. CHEN and XIAO [12] performed 
numerical calculations on the homogeneous 
macroscopic flow field in a side-entering stirred 
tank, analyzed the reasons for the formation of dead 
zones in the tank, and comparatively analyzed the 
influence of various mixing impellers on the stirring 
power and mixing time. Furthermore, few studies 
on the gas−liquid flow behavior in industrial-scale 
horizontal stirred tank have been reported. 

To improve the operation efficiency of the 
horizontal stirred tank, it is necessary to explore its 
flow field. In this work, a three-dimensional 
mathematical physical model has been developed to 
describe the gas−liquid flow process in horizontal 

stirred tank, and the influence of operation and 
structure parameters on flow characteristics is 
obtained by numerical simulation. 
 
2 Numerical methodology 
 
2.1 Physical model 

The research object is a horizontal leaching 
stirred tank in a factory. The main structure and 
impeller structure of the stirred tank are shown in 
Fig. 1. The diameter of the stirred tank is D, and the 
length is 1.5D. One baffle plate is distributed on the 
wall of the tank. A double-layer structure is used for 
the impeller. The upper axial impeller has 45° 
fourfold impellers, and the lower runoff impeller 
has six flat impellers. The gas is injected into the 
tank from the oxygen inlet at the bottom of the tank. 

Based on the Gambit 2.4.6, a structured 
hexahedral mesh and an unstructured tetrahedral 
mesh are used for the computing area. The total 
number of nodes is 1.2×106 (Fig. 1(b)). Based on 
the characteristics of the rotation of the impellers in 
the stirred tank, the multiple reference frame (MRF) 
method is used to set the area where the 
double-layer impellers are located as the dynamic 
reference system, and the remaining areas are set as 
the static reference system. 

 
2.2 Mathematical model 
2.2.1 Basic equations 

ANSYS Fluent 18.0 is used to simulate the 
two-phase flow process in the stirred tank, and the 
research object is simplified as follows: 

(1) The production process is continuous and 
basically stable; 

(2) Under the action of the gas and impellers, 
the temperature in compartment does not change 
much, and thus, the effect of the changes in 
temperature on the gas−liquid two-phase flow field 

 

 
Fig. 1 Schematic diagrams of stirred tank (a) and computational mesh (b) 
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is ignored; 

(3) The liquid level in the tank is basically 
stable, and fluctuations in the liquid level are not 
considered. 

The Eulerian−Eulerian model is used to 
describe the gas−liquid two-phase flow in the tank. 
The continuity equation is 
 

( ) 0i i iρ  u                            (1) 
 
where ρi denotes the phase density for phase i, αi 
denotes the phase fraction, and ui denotes the phase 
velocity for phase i. 

The gas−liquid momentum equation is 
 

( )i i i i i i i iα a a         u u p g  

1

( )
n

ji ji ji ijij
j

m m


   R v v + 

vm. lift g( )i i  F F F F                 (2) 

where αi denotes the phase volume fraction for 
phase i; p denotes the pressure; i  denotes the 
stress−strain tensor for phase i; g is the acceleration 
due to gravity; n is the number of the phase, and 
n=2 in this work; vij and vji are the interphase 
velocities; Fi denotes the Coriolis force and 
centrifugal force in the rotated reference coordinate 
system; mꞏij represents the mass transfer from phase i 
to phase j per unit volume per unit time and is zero 
in this study; Rji represents the interphase force, and 
Rji=K1gu1g, in which u1g is the gas−liquid relative 
velocity and K1g is the interphase exchange 
coefficient, which is described by the model 
proposed by TOMIYAMA et al [13]. Due to the 
large difference between the densities of the     
gas and liquid phases, the virtual mass force (Fvm.i) 
cannot be ignored, and the coefficient of the virtual 
mass force (CVM) is set to be 0.5 based on the 
numerical simulation results of MOUGIN and 
MAGNAUDET [14]. Flift denotes the lift force and 
in this study, it is described by the model proposed 
by TOMIYAMA et al [15]. Fg represents the 
turbulent dissipation force and is described by the 
model proposed by BURNS et al [16]. 

At the oxygen inlet, the Reynolds number 
Re=13600>2300, and the flow is turbulent. 
Therefore, this study uses the shear stress transport 
(SST) k−ω turbulence [17] model to describe the 
turbulent process in the stirred tank. In the SST k−ω 
turbulence model, the transport equations of the 
turbulent kinetic energy (k) and turbulence 
frequency (ω) need to be solved. The specific forms 

of the equations are as follows: 
k equation: 

( ) ( )i i i i i k iα k α k       u  

( ) k
i k i i i iα P β k S                    (3) 

 
ω equation:  

( ) ( )i i i i iα α          u  

2
turb

( )i k
i P D i i

i

P
α C C 


 


 + 

2
12 (1 ) i

i i i i
i

α F k S 



              (4) 

where some independent variables, the density ρi 
and the velocity vector ui can be treated as known 
quantities; Pk is a turbulence-induced term; Γk and 
Γω are the diffusion coefficients for k and ω, 
respectively; F1 is the mixed function and is zero 
when the current research object is single phase; 
CωP and CωD are constants; turb

i  is the turbulent 
viscosity; σω2 is the turbulent Prandtl constant; iS  
is the user-difined source term. 
2.2.2 Mixing time model 

The mixing time is an important indicator of 
the speed of the mixing of the materials in the  
tank [18]. To determine the mixing time in the 
stirred tank, monitoring points are usually selected 
at various locations in the tank, and the mixing 
process is reflected by the concentration response 
curve. The mixing time is defined as the time 
required for the difference between the 
concentration of the monitoring points and the 
concentration of the final uniform mixing to come 
within ±5%. 

When the CFD is used to simulate the mixing 
time, because the tracer has no effect on the flow 
field distribution in the stirred tank, in the process 
of numerical simulation, the steady-state flow field 
can be used as the basis, and the mixing time can be 
determined by calculating the transport equation of 
the nonsteady-state mass component of the tracer:  

( ) ( )i i iY Y
t
 

    


v J                (5) 
 
where t represents the time, Ji represents the mass 
diffusion flux of the relative mass average speed 
and Yi represents the mass of material i. 
 
2.3 Boundary conditions 

Based on the on-site conditions and flow 
characteristics, the corresponding boundary 
conditions are set for Eq. (1) and Eq. (2), as shown 
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in Fig. 2. The specific definitions are as follows: 
(1) Inlet boundary (velocity inlet boundary): 

The inlet velocity is 17.17 m/s. 
(2) Outlet boundary (degassing boundary): The 

degassing boundary is used to simulate a free 
surface, and the gas phase can escape through the 
boundary. 

(3) Wall boundary: The solid wall surface in 
the tank is set to be under no-slip boundary 
conditions. 

(4) The liquid phase is zinc sulfate solution 
with density of 1350 kg/m3 and viscosity of 
10 mPaꞏs. The gas phase is oxygen under high 
pressure with density of 4.89 kg/m3 and viscosity of 
0.025 mPaꞏs. 

 

 
Fig. 2 Definitions of boundary location 

 

3 Model validation 
 

The closed nature of the on-site stirred tank 
makes it particularly difficult to directly obtain 
experimental data on the flow in the tank. Therefore, 
to verify the reliability of the mathematical model 
developed in the previous section, a laboratory- 
scale stirred tank was numerically simulated, and 
the simulation results were compared with 
experimental data. In this study, the experimental 
stirred tank of MONTANTE et al [19] was modeled 
at a model ratio of 1:1 (as shown in Fig. 3), and 
numerical simulation was performed. The 
simulation results were compared with the fluid 
velocity monitored at various locations in the 
experiment (2r/Dt=0.5, 0.52 and 0.92), which tested 
the accuracy of the model. Comparisons between 
the simulation results and experimental data are 
shown in Figs. 4 and 5. It can be observed that the 
gas−liquid two-phase axial and radial velocities 
obtained by numerical simulation are in good 
agreement with the experimental data. This shows 
that the developed mathematical model can 
accurately simulate the flow conditions in the tank. 

 

 

Fig. 3 Schematic diagram of single-layer impeller stirred 

tank 

 

4 Results and discussion 
 
4.1 Flow field and gas holdup 

To facilitate the observation of the flow field in 
the tank, a cross-section and longitudinal section of 
the tank are selected as the characteristic surfaces, 
as shown in Fig. 6. 

Figure 7 shows the vector diagram of the 
liquid phase in the tank. Under the mixing action of 
the impellers, two main circulation areas form in 
the liquid phase: one under the lower impeller and 
one between the two impellers. At the lower 
impeller, the liquid phase at the impeller edges 
entrains the surrounding fluid during the flow 
process and expands around the stirred tank. After 
impacting the tank wall, the liquid phase is 
separated into two strands: one strand flows 
downward and the other flows upward along the 
tank wall. After reaching the liquid level or the tank 
bottom, the fluid turns and flows back to the 
impeller area along the axial direction. It can be 
observed from the overall flow pattern of the fluid 
that the calculation results are consistent with the 
experimental results for the flow field formed by 
typical axial impeller and runoff impeller [20,21], 
successfully reproducing the typical characteristics 
of the turbine mixing flow field. The maximum 
velocity of the liquid phase appears near the edge of 
the impeller, indicating that the liquid phase flow in 
this area is the most violent. 

The distribution of the gas holdup can reflect 
the gas dispersion and mass transfer characteristics. 
Figure 8 shows the gas holdup distribution in the 
cross-section and longitudinal section of the tank. 
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Fig. 4 Comparison between gas−liquid radial velocities of simulation results and experimental results 
 

 

Fig. 5 Comparison between gas−liquid axial velocities of simulation results and experimental results 
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Fig. 6 Schematic diagram of cross-section and 

longitudinal section of stirred tank 

 

 

Fig. 7 Diagrams of liquid velocity vectors of cross- 

section (a) and longitudinal section (b) 

 

It can be observed that the gas phase is 
unevenly distributed on the tank and is concentrated 
on the bottom of the tank. After the gas phase is 
injected into the tank from the oxygen inlet under 
the impeller, it is hindered by the disc of the lower 
impeller and thus accumulates under the impeller, 
diffuses around the liquid phase, and rises along the 
tank wall into the circulation area between the two 
layers of impellers. Combined with the diagram of 
the gas holdup distribution in the longitudinal 
section in Fig. 8(b), the baffle increases the shear 
strength of the liquid phase flow, causing more gas 
to migrate to the center of the tank. Above the 
impellers, the disc of the upper impeller prevents 

the liquid phase from flowing downward, and hence, 
a small portion of the gas phase is concentrated 
above the disc. 
 

 
Fig. 8 Distributions of gas holdup on cross-section (a) 

and longitudinal section (b) 

 

4.2 Mixing process of liquid phase 
Since the mass is transferred among the 

various stirred tank compartments through overflow, 
a liquid phase tracer feed point is set at the 
overflow port above the baffle (as shown in Fig. 9), 
and five tracer concentration monitoring points are 
installed behind the baffle on the other side to 
observe the mixing process of the liquid phase. 
These five monitoring points include both a gentle 
flow area and an intense flow area (P5), and 
therefore, the mixing process of the liquid phase 
can be reasonably reflected. 

Figure 10 shows the tracer concentration 
response curves of various monitoring points. The 
mixing of the liquid phase is a process from the 
local to the whole, and the mixing speed differs for 
the monitoring points at various positions. The 
concentration response curve of the monitoring 
point located near the impeller (P5) fluctuates the 
most drastically, and the curve rises quickly to a 
high peak value. This is because the flow in this 
area is more intense than that in other areas, and the 
tracer mass transfer rate is faster, resulting in 
accelerated zinc leaching. The P3 monitoring point 
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Fig. 9 Distributions of tracer feed points and concentration monitoring points 

 

 

Fig. 10 Tracer concentration response curves 

 
is located in the circulation area between the two 
layers of impellers. This area is located in the gentle 
flow area. The concentration response curve 
increases slowly with time, with a gradual transition 
to the final equilibrium. The tracer mass transfer 
rate at this location is the slowest, and thus, the 
mixing time here is the longest. In the practical 
production process, the monitoring points should be 
reasonably set up based on the production needs to 
avoid excessive stirring or insufficient stirring. 
 
4.3 Analysis of operation and structural 

parameters 
The operating parameters and structural 

parameters of the horizontal stirred tank directly 
affect the flow of the liquid phase and the 
distribution of the gas phase in the tank, which has 
an important influence on the stirring ability of the 
stirring impeller. Based on the numerical simulation 
results for basic working conditions, the influence 
of the structural parameters and operating 
parameters (rotating speed, gas flow, inclination 

angle of the upper impeller, and the height of 
impeller from the bottom) on the flow field in the 
tank is analyzed. 

Through the introduction of the mixing time, 
dispersion coefficient and relative power demand 
(RPD), the fluid flow behavior and gas phase 
distribution in the tank are assessed. The mixing 
time characterizes the mixing status of the liquid 
phase. The smaller the mixing time is, the faster the 
material mixing is.  

The dispersion coefficient C reflects the 
dispersion of the gas phase in the tank [22]: 
 

/C  =                                 (6) 
 
where  is the average gas holdup, and σ is the 
standard deviation: 
 

2

1

( ) / ( 1)
n

i

n  


                     (7) 

 
where ε is the local gas holdup. A larger C indicates 
a worse uniformity in the gas holdup distribution. 
Injecting gas into the stirred tank reduces the 
mixing power compared to that of the pure liquid 
phase. The RPD is defined as the ratio of the power 
demand after ventilation to the power demand 
before ventilation. The value of RPD is mainly 
affected by two aspects: the size of the cavitation 
behind the impeller and the average density of the 
liquid phase in the stirred tank [23]. The smaller the 
RPD value is, the greater the decrease in power 
after mixing, which reduces the conveying capacity 
of the impeller. Thus, a smaller RPD value indicates 
worse gas−liquid dispersion and mixing. 
4.3.1 Rotating speed 

The rotating speed is an important operating 
parameter in the leaching process. In the actual 
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industry, the rotating speed is 83 r/min. Since a 
variable frequency motor is used in the actual 
industry, the rotating speed can be adjusted 
according to production needs. To investigate the 
effect of rotating speed on the flow field and gas 
phase distribution in the tank, in this study, the 
rotating speeds of 63, 73, 83, 93 and 103 r/min are 
selected. 

As shown in Fig. 11, as the rotating speed 
increases, the gas holdup in the tank gradually 
decreases, which is inconsistent with the 
experimental results of ZHENG [24]. This 
difference mainly occurs because the flow field of a 
horizontal tank is different from that of a vertical 
tank. As the rotating speed increases, more gas is 
entrained into the circulation area between the two 
impellers, which makes it easier for the gas phase to 
escape the liquid surface, reducing the residence 
time of the gas phase in the tank. Increasing the 
rotating speed enhances the dispersion of the 
surrounding fluid caused by the impeller. Therefore, 
the dispersion coefficient in the stirred tank 
gradually decreases, and the gas phase distribution 
is more uniform. 
 

 
Fig. 11 Gas holdup and dispersion coefficient at various 

rotating speeds 

 
The relative power demands at different 

rotating speeds are compared, as shown in Fig. 12. 
The relative power demand increases with the 
rotating speed, mainly because increasing the 
rotating speed reduces the size of the cavitation 
formed behind the impellers and increases the 
contact area between the impeller and the liquid 
phase. When the rotating speed exceeds 93 r/min, 
the influence of rotating speed on relative power 
demand is insignificant. RAO and JOSHI [25] 
investigated the effect of rotating speed on the 

mixing time and the results show that the mixing 
time decreases with increasing rotating speed. In 
this work, the effect of the rotating speed on the 
mixing time is studied, and the relevant results are 
shown in Table 1. Table 1 shows that an increase in 
the rotating speed shortens the mixing time of the 
liquid phase. This occurs because increasing 
rotating speed increases the intensity of the 
turbulence, resulting in a faster liquid phase 
circulation rate, which thereby shortens the mixing 
time. 
 

 
Fig. 12 Relative power demand at various rotating 

speeds 

 

Table 1 Maximum mixing time under different rotating 

speeds 

Rotating speed/
(rꞏm−1) 

63 73 83 93 103

Maximum 
mixing time/s

43.56 40.84 34.56 29.23 28.59

 

4.3.2 Gas flow 
The gas flow directly affects the distribution of 

the gas phase in the tank. In this work, four levels 
of gas flow (80, 180, 280 and 380 m3/h) are selected 
to analyze the influence of the gas flow on the flow 
field in the tank. 

Figure 13 shows the influence of the gas flow 
on the gas holdup and dispersion coefficient. The 
gas holdup increases with increasing gas flow, 
which is consistent with the experimental results of 
CHEN et al [26]. When the gas flow is 380 m3/h, 
the gas holdup in the tank reaches 1.7%. However, 
the gas phase dispersion coefficient also increases 
with the gas flow. This occurs because at low gas 
flow, as the gas flow increases, more gas phase is 
accumulated under the impeller, and thus, the gas 
phase dispersion uniformity is worse. 



Zhi-bin CHEN, et al/Trans. Nonferrous Met. Soc. China 31(2021) 1806−1817 

 

1814

 

 
Fig. 13 Gas holdup and dispersion coefficient under 

various gas flow conditions 

 

Figure 14 shows that as the gas flow increases, 
the relative power demand gradually decreases. 
LONG et al [27] believed that an increase in gas 
flow increases the size of the cavitation behind the 
impeller, leading to a reduction in the average 
density of the liquid phase, and therefore, a 
reduction in the gas power of the impeller. In 
addition, as shown in Table 2, increasing the gas 
flow increases the degree of turbulence in the  
fluid flow and accelerates the mixing of the liquid 
phase. 
 

 
Fig. 14 Relative power demand under various gas flow 

conditions 

 

Table 2 Maximum mixing time under different gas flows 

Gas flow/(m3ꞏh−1) 80 180 280 380 

Maximum  

mixing time/s 
43.56 40.84 34.56 29.23

 
4.3.3 Inclination angle of upper impeller 

For the flow field in the tank, the upper 
impeller provides the main driving force that causes 

the intermediate circulation area of the impellers. 
To investigate the influence of the inclination angle 
of the impeller on the flow field in the tank, three 
angles of inclination with respect to the horizontal, 
40°, 45° and 50° are selected. 

As shown in Fig. 15, an increase in the 
inclination angle of the upper impeller causes a 
decrease in the gas holdup in the tank. This mainly 
occurs because a larger inclination angle reduces 
the strength of the axial flow in the tank, so that it is 
faster for the gas phase to pass through the 
circulation area between the two layers of the 
impeller and escape from the liquid phase. 
Additionally, increasing the inclination angle causes 
the gas phase dispersion coefficient to decrease, but 
the overall degree of change is limited. 

Figure 16 shows the relative power demands 
of the upper impeller at various angles of 
inclination. It is shown that the relative power 
demand of the impeller increases with increasing 
inclination angle. This occurs because increasing 
the inclination angle of the upper impeller reduces 
 

 
Fig. 15 Gas holdup and dispersion coefficient under 

various inclination angle conditions 

 

 
Fig. 16 Relative power demand at different angles of 

inclination 
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the intensity of the axial flow, making it easier for 
the gas phase below the impeller to pass through the 
impeller. As a result, the size of cavitation behind 
the lower impeller is reduced, and the relative 
power demand is promoted. Table 3 shows that the 
inclination angle of the impeller has minimal effect 
on the residence time of the liquid phase. 
 

Table 3 Maximum residence time under different 

inclination angle conditions 

Inclination angle/(°) 40 45 50 

Maximum mixing time/s 34.24 34.56 34.25

 

4.3.4 Height of impeller from bottom 
The height of the impeller from the bottom is 

another important parameter in the stirred tank. 
Generally, the height from the bottom (L) must be 
less than 1.5 times the impeller diameter (D). In this 
work, four heights from the bottom, i.e., 0.4D, 0.5D, 
0.6D and 0.7D, are selected for numerical 
simulation. 

Figure 17 shows that as L increases from 0.4D 
to 0.7D, the accumulation of the gas phase below 
the impeller is significantly relieved, and more gas 
phase is immersed in the circulation area between 
the two layers of impellers. RAO and JOSHI [25] 
believed that this mainly occurs because as the 
height of the impeller from the bottom increases,  

the space under the impeller increases. The gas 
phase has more space to expand under the impeller, 
and the gas phase distribution is more uniform. 
Therefore, an increase in the impeller height from 
the bottom causes the gas phase at the bottom to be 
better dispersed in the solution, which facilitates 
zinc leaching. Additionally, this slows down the 
erosion and wear of the internal wall and impeller 
caused by the bottom fluid. 

Figure 18 shows the effect of the height of the 
impeller from the bottom on the power 
characteristics. It is indicated that the relative power 
demand decreases first and then increases with the 
height, with a sharp increase as the height changes 
from 0.6D to 0.7D. This occurs because as the 
height of the impeller from the bottom increases, 
the size of the cavitation formed behind the 
impeller decreases, and liquid-induced resistance of 
the impeller increases, resulting in increased 
relative power demand. When the height exceeds  
a certain value, the impeller almost only mixes the 
liquid phase, and at this value, the power is close to 
that before ventilation. Table 4 shows that as the 
height of the impeller from the bottom increases, 
the liquid phase mixing time gradually increases. 
When the height is larger than 0.5D, the changes in 
the mixing time are not obvious, which is consistent 
with the experimental results of REWATKAR and 
JOSHI [28]. 

 

 
Fig. 17 Cross-sectional gas holdup at various heights of impeller from bottom: (a) L=0.4D; (b) L=0.5D; (c) L=0.6D;  

(d) L=0.7D 
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Fig. 18 Relative power demand under various heights of 

impeller from bottom 

 

Table 4 Maximum residence time under various heights 

of impeller from bottom 
Height of impeller 

from bottom/D 
0.4 0.5 0.6 0.7 

Maximum mixing time/s 31.44 34.56 35.72 36.55

 
5 Conclusions 
 

(1) The gas holdup in the tank decreases as the 
rotating speed increases, but when the rotating 
speed exceeds 83 r/min, further increase has no 
significant effects on the gas holdup. Increasing the 
rotating speed can shorten the mixing time of the 
liquid phase, which improves the zinc leaching rate. 

(2) Increasing the gas flow increases the gas 
holdup in the tank and accelerates the mixing of the 
liquid phase in the tank. When the ventilation 
volume is 380 m3/h, the mixing time reaches the 
minimum value of 29.23 s. 

(3) The inclination angle of the upper impeller 
has no significant effect on the distribution of the 
gas phase. The mixing capacity of the impeller 
increases with increasing inclination angle of the 
upper impeller. The simulation results show that 
this effect is optimal when the inclination angle is 
50°. 

(4) Increasing the height of the impeller from 
the bottom increases the gas holdup in the tank, 
improves the gas phase distribution, and increases 
the contact area of the gas−liquid two phases, 
thereby increasing the leaching rate of zinc. 
However, as the height increases, the relative power 
demand decreases, and the liquid phase mixing time 
increases. After the distance exceeds 0.5D, there are 
minimal changes in the mixing time. 
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摘  要：基于 Fluent 软件，采用 SST k−ω湍流模型、欧拉−欧拉两相流模型和多重参考系法对卧式搅拌釜气液两

相流场进行数值模拟，并采用示踪剂法研究釜内混合过程。结果表明：增大转速或气体流量有利于气相分布更均

匀并加快液相的混合。当搅拌转速超过 93 r/min 时，相对功率消耗基本不变。上叶轮倾斜角的变化对气相分布的

影响很小。当倾角为 50° 时，相对功率消耗最大。适当提高桨叶离底高度可以提高气含率并改善气相分布，但会

增加液相混匀时间。 

关键词：卧式搅拌釜；气液两相流；欧拉−欧拉两相流模型；多重参考系法 

 (Edited by Bing YANG) 


