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__________________________________________________________________________________________ 

Abstract: The mixing of materials in the stirred tank is a complicated process. The mixing 

process is affected by many factors and the internal flow field iscomplicated. Through the use 

of Computational Fluid Dynamics (CFD) technology to numerically simulate the internal flow 

characteristics of the propellant stirred tank, the distribution cloud diagrams of the velocity 

vector, turbulent kinetic energy and shear force in the stirred tank were explored and analyzed, 

and the factors influencing the mixing efficiency were obtained. 
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__________________________________________________________________________________________ 

1. INTRODUCTION 

Stirred tank equipment has a wide range of applications in the fields of chemical 

pharmaceuticals, bioengineering, food processing and wastewater treatment [1]. At present, 

there have been many experimental and theoretical studies, but the relevant theoretical studies 

are still flawed and it is difficult to improve the mixing quality of stirred tanks. A lot of 

experimental data and mathematical models are also needed to describe the fluid motion in the 

stirred tank [2-3]. In order to the complex flow field problem of the actual stirred tank, 

numerical simulation was used to study the flow field problem in the stirred tank, and the 

internal circulation dead zone was obtained to improve the mixing efficiency of the stirred tank 

[4]. 

2. MESH GENERATION 

The Fluent pre-processor software Gambit was used to mesh the stirred tank model. For 

different areas, the mesh density can be different, so as to ensure that there is a certain degree of 

calculation accuracy. At the same time, the calculation speed is not too slow. Due to the 

complex structure of the stirring blade of the stirring tank, the calculation accuracy is required 

to be high, and the grid division in the stirring tank is a combination of structured and 

unstructured methods, unstructured grids are used in the paddle area, and structured grids are 
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used in other areas. For grid encryption in areas with higher requirements, the grid number and 

grid quality of the agitation tank were 303201 and 0.82, respectively, satisfying the simulation 

requirements. 

 

Fig 1. Grid of agitating tank 

3. ANALYSIS OF SIMULATION RESULTS 

3.1 Speed Distribution 

Figure 2 is the velocity vector distribution of the flow field inside the stirred tank. As can be 

seen from the figure, the maximum value of the fluid velocity of the stirred tank appears at the 

edge of the stirring blade, which is 0.371 m/s, in addition, the fluid velocity value is 

significantly reduced in the area away from the paddle, which is an order of magnitude lower 

than in the vicinity of the paddle. The overall flow direction of the fluid in the agitating tank is 

mainly axial flow distribution, mainly because the propeller blades are propelled, and the 

propelled propeller blades generate axial flow， there is a large axial vortex generated in the 

area away from the stirring blade, which is beneficial to the mixing of the media. The rotating 

blade transfers energy to the medium that comes into contact with the blade, and the medium 

that comes in contact with the blade will continue to transmit energy outward until the medium 

in the stirred tank is all moving, equivalent to the jet generated at the blade, the jet moves 

upward from the vicinity of the blade, and after reaching the surface, it splits into two strands, 

and one strand enters the impeller along the shaft; The other part follows the wall of the 

agitating vessel down to the vortex area of the lower blade and then enters the impeller from the 

lower edge to complete a complete cycle. 

 

Fig 2. Stirrer velocity vector distribution (units m/s) 
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3.2 Turbulent Kinetic Energy Distribution 

Figure 3 shows the turbulent kinetic energy distribution inside the stirred tank. As can be seen 

from the figure, the distribution of turbulent kinetic energy in the stirred tank is very uneven, 

mainly concentrated in the mixing paddle area and the stirring paddle wake area. The blade tip 

turbulent energy reaches a maximum value of 0.0095 m2/s2, and gradually decreases from the 

blade to the vicinity in the axial or radial direction. In the circulation flow region, the turbulent 

kinetic energy in the stirred tank is in the range of 0.00128 ~ 0.00447 m2/s2. The turbulent 

kinetic energy is large near the impeller, especially in the jet region above the blade; the 

turbulent kinetic energy values in the circulation zone, near the liquid surface, and at the 

bottom of the tank, which are far from the blades, are relatively small. In particular, the bottom 

of the tank and the top corner of the liquid are different by an order of magnitude compared to 

other areas. Two large turbulent kinetic energy occur at the lower part of the blade, Primarily, 

the rotation of the blade causes the fluid to move, but the turbulent energy in the center of the 

bottom of the tank is very small, and it is easy to have a "dead zone". The dead zone is very 

unfavorable to the mixing. 

 
Fig 3. Distribution of turbulent kinetic energy in a stirred tank (unit m2/s2) 

3.3 Shear Force Distribution 

Figure 4 shows the distribution of shear force in the stirred tank. It can be seen from the figure 

that the maximum shear force in the stirred tank is 0.317 Pa, which appears at the tip of the 

blade, and the shear force at the blade tip region and away from the blade region is an order of 

magnitude different. The shear force distribution in the stirred tank is relatively non-uniform, 

mainly concentrated in the stirring blade area, and the shearing force in the area directly above 

and below the stirring blade is very small. The shearing forces are relatively high near the 

agitating paddle, the paddle wake zone and the agitation tank wall, which is the result of the 

fluid moving along the agitator blade tip towards the agitating vessel wall. The ratio of the 

shear stress to the velocity gradient in the fluid is constant, and the shear force is also greater in 

the region where the velocity is greater, so the positions of the high shear region and the high 

velocity region are basically the same. It can be considered that the relative movement of the 

stirring blade, the wall of the stirring vessel and the fluid is the main cause of the shearing force 

in the tank. 
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Fig 4. Distribution of shear force inside the stirred tank (unit Pa) 

4. CONCLUSION 

Through numerical simulation, the flow field in the stirred tank was obtained. The velocity 

distribution, turbulent kinetic energy distribution and shear force distribution in the stirred tank 

were uneven. The main conclusions were as follows: 

The simulation results show that the maximum speed of the stirred tank is distributed on the tip 

of the stirring blade, and the speed of the blade tip is related to the rotating speed and the 

diameter of the blade; the fluid velocity of the stirred tank decreases continuously in the axial 

and radial directions, and the flow field generated by the symmetrical installation of the stirring 

blades in the stirred tank also exhibits obvious spatial symmetry. 

The simulation results show that the turbulence energy of the agitator vessel near the blade is 

larger and the velocity change rate is higher, while the turbulent kinetic energy is more uniform 

in the region far from the blade, and the value decreases significantly; the turbulent kinetic 

energy has the characteristics of continuously decreasing diffusion in the peripheral static area 

of the agitator and the stirring shaft. Therefore, the turbulence energy at the bottom of the tank 

and the liquid surface is very small, the turbulence energy at the center of the tank bottom is 

small, and the dead zone is easy to occur. The dead zone is very unfavorable for the mixture and 

the existence of a dead zone should be avoided. 

The simulation shows that the shear field in the stirred tank is very non-uniform, mainly 

concentrated in the stirring blade area and the stirring tank wall in the paddle wake area. The 

relative shear force in the paddle wake area and the center ring area in the lower part of the 

stirred tank is relatively higher, pay attention to the area with high shear force. Excessive shear 

force will destroy the material structure in the stirred tank. 
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