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Abstract 

In the work of the robot cleaning the oil storage tank, the discharge of the sludge is 
generally powered by the rotor pump. During the operation of the rotary lobe pump, 
there is often a situation of unsatisfactory flow, which reduces the sludge discharge 
efficiency of the rotary lobe pump. This paper uses the professional drawing software 
CAD to draw the rotor pump profile and establishes the calculation model of the fluid 
domain inside the pump cavity, and uses the Mesh software of ANSYS to mesh. Aiming at 
the non-flow condition of the rotor pump, this paper uses Fluent software to simulate it 
transiently, and discusses the change of the volume ratio of the gas-liquid two-phase flow 
in the pump cavity of the rotor pump under different area ratios; The following 
conclusions are drawn: as long as the inlet of the rotor pump is mixed with gas, the sludge 
displacement will be significantly reduced; as the rotor rotates, the gas will further 
hinder the entry of the sludge. 
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1. Introduction 

With the continuous improvement of the world's oil reserve bases and the continuous 
development of science and technology, the method of cleaning the bottom of oil storage tanks 
is also constantly innovating. Due to the high risk, low adaptability and low efficiency of 
traditional oil tank bottom sludge cleaning methods, storage tank cleaning robot technology 
has begun to emerge. For this emerging cleaning method, it does not require staff to enter the 
tank, has high efficiency and flexibility, and is in line with the concept of green and efficient 
production. This article expands on the sludge suction pump involved in the suction system in 
the robotic cleaning technology. 

 
Fig1 General schematic diagram of robot cleaning technology 

This paper firstly compares various types of pumps. 

From the perspective of the flow rate of the rotor pump and the centrifugal pump, the rotor 
pump can achieve precise control of the conveying flow by changing the motor speed, while the 
centrifugal pump is difficult to achieve precise flow control. From the operation of the two kinds 
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of pumps before use, the rotor pump can generate strong self-priming ability at the inlet of the 
rotor pump without other operations, while the centrifugal pump needs to be pumped before 
it can be used normally. In terms of the viscosity of the fluid medium conveyed by the two 
pumps, in a wide viscosity range, the delivery flow of the rotor pump will increase with the 
increase of the viscosity of the medium, which has a positive effect on the working performance 
of the rotor pump. The flow and head of the centrifugal pump decrease with the increase of the 
viscosity of the medium, and when the viscosity of the medium is higher than a certain value, 
the centrifugal pump cannot deliver[1]. 

Both the rotor pump and the screw pump are positive displacement pumps, which are similar 
in performance. Both can generate a certain negative pressure at the inlet of the pump during 
operation, and both can transport high-viscosity fluid media well. However, since the sludge in 
the storage tank contains a large number of solid particles of different particle sizes, if the screw 
pump is used to transport the sludge, the rubber stator of the screw pump will be continuously 
worn and consumed by the solid particles in the sludge, and the stator bushing of the screw 
pump is a It is a part that is easily worn by solid particles, resulting in two major defects of the 
screw pump: First, the service life will be relatively short; second, the maintenance cost in the 
later period is relatively high, which is not economical. In terms of repairing and replacing the 
internal parts of the pump, the replacement of the internal parts of the screw pump needs to 
disassemble the entire pump body from the system, which is extremely inconvenient for 
maintenance, and there are no non-metallic parts that are easily worn in the pump cavity of the 
rotor pump, and The rotor rotates without contact, which makes it have a longer service life. 

Therefore, the rotor pump is used to suck the sludge in this paper. 

2. Physical model and meshing 

2.1. Theoretical contour profile equation of leaf peak and leaf valley 

In this paper, the rotor profile of the arc rotor pump is composed of the profile of the blade peak 
and the blade valley. The equation of the theoretical profile of the blade peak is obtained 
through theoretical derivation as follows[2]: 
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The blade valley profile and the blade peak profile are a pair of conjugate curves. After 
geometric derivation, the 1/2Z partial theoretical rotor profile equation as follows: 
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2.2. The actual contour line equation of leaf peak and leaf valley 

The actual contour line equation of the leaf peak: 
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In the equation(3), sin sin
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The actual contour line equation of the leaf valley: 
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The specific physical model drawn by professional drawing software AutoCAD is shown in 
Figure 2. 

 
Fig2 The physical model of the rotor pump and the computational fluid domain 

2.3. Fluid Domain Meshing 

The numerical simulation of the rotor pump flow field involves grid motion, so unstructured 
tetrahedral grids are used for division. The use of unstructured tetrahedral meshes, on the one 
hand, considers that the computer's computing power is insufficient under the high three-
dimensional mesh number, and on the other hand, considers that the unstructured tetrahedral 
mesh can ensure that the mesh follows the upper and lower rotors. After movement, less mesh 
skewness is produced, resulting in both better convergence and less occurrence of negative 
volumes. Figure3 shows the evaluation values of the grid element quality and element 
skewness of the rotary lobe pump, which are all within the range of good mesh evaluation (see 
the ANSYS help document for specific mesh evaluation standards) and meet the calculation 
requirements of Fluent software. 

 
Fig3 Element quality and skewness of the mesh 
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3. Theoretical equation of gas-liquid two-phase flow 

3.1. Volume Fraction Equation of VOF Model 

The model tracks the interface between phases by solving the continuum equation for single-
phase or multi-phase volume fractions, and the continuum equation for the qth phase is as 
follows[3]: 
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In equation (5), pqm is the mass transport from p-phase to q-phase. In the default case of fluent, 

the source term
q

S
on the right side of equation (5) is 0, and this paper adopts the default. For 

the initial phase, the volume fraction equation is not solved; the volume fraction equation only 

gives constraints on the volume fraction of each phase:  
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There are two methods for solving the volume fraction equation: the Euler explicit scheme and 
the Euler implicit scheme. In order to ensure the stability of the solution, the Euler implicit 
scheme is adopted in this paper. 
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3.2. Momentum Equation of VOF Model 

The momentum equation of the VOF model is influenced by the average density and average 
viscosity of all phases. When Fluent uses the VOF model to calculate, the velocity field obtained 
by a single momentum equation in the entire fluid computational domain will be transferred to 
each phase; the obtained velocity field is not an exact value in the area where the data is shared, 
but an approximate value ; If there is a large difference between the phases, the velocity 
accuracy at the position near the phase interface will be reduced to a certain extent. 
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3.3. Material properties of the VOF model 

The material properties involved in the fluid physical property equation are determined by the 
phase separation existing in each control volume; for example, in the gas-liquid two-phase flow 
system in this paper, the subscripts 1 and 2 are used to distinguish each phase, if the second 
The volume fraction of the phase is tracked, then the density of each cell is as follows: 

  2 2 2 11        (8) 

For an n-phase system, the volume fraction average density takes the form: 
 q q     (9)  

4. Analysis of simulation results 

The simulation of the rotary lobe pump needs to use the dynamic mesh technology to realize 
the rotor rotation[4]. Taking the rotor speed as 400r/min, the viscosity of the fluid as 0.1Pa·s, 
the pressure difference 
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between the inlet and outlet of 0.1MPa, and the density of 940kg/m3, the simulation was carried 
out under different cross-sectional areas of the air inlet. The ratio of the cross-sectional area of 
the air inlet ( Area ratio = air inlet area/total area) see Figure4. 

 
Fig4 Proportional distribution of cross-sectional area of different fluid inlets 

Since the various flow field changes in the rotor pump cavity after entering the air are very 
chaotic, this paper only describes the corresponding oil phase volume distribution cloud map. 
The following only shows the volume distribution nephogram of the oil phase within 0.5s with 
different area ratios at time t=0.3s and when the area ratio=0.1, and monitored the volume flow 
at the inlet and outlet. 

As shown in Figure5(a)-(e), the speed of air entering the pump cavity will be greater than the 
speed of sludge entering the pump cavity, and then the air will quickly fill most of the inlet 
section of the cavity, hindering the inflow of sludge. The smaller the air inlet area, the smaller 
the obstruction to the sludge. In Figure5(e), the obstruction to the inflow of sludge is 
significantly reduced. In Figure5(f)-(j), the volume distribution of sludge at different times 
changes obviously. Although the area ratio has reached 0.1, the gas obstruction and disturbance 
to the sludge in the rotor pump cavity is still very obvious. Therefore, it is particularly important 
to properly handle the hose inlet to make the entire suction system work at full flow. Due to the 
high viscosity, the sludge has a slow flow rate and occupies a small volume, which seriously 
affects the working efficiency of the rotor pump. With the decrease of the inlet area ratio, 
although the displacement of sludge increases, the increase is relatively small. 

 

 

  
（a）Area ratio=0.5 （b）Area ratio =0.4 

  

（c）Area ratio =0.3 （d）Area ratio =0.2 
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（e）Area ratio =0.1 （f）time=0.1s 
 

  
（g）time =0.2s （h）time =0.3s 

 

  
（i）time =0.4s （j）time =0.5s 

Fig5 Cloud map of oil phase distribution at different area ratios and at different times 

As shown in Figure6(a), with the increase of the inlet area ratio, the inlet volume flow rate of 
the gas phase will also increase, and there is a clear distinction between the gas phase inlet 
volume flow rate with area ratio = 0.1 and other area ratios. As shown in Figure6(b), there are 
obvious differences between the working conditions with area ratio greater than 0.1 and the 
working condition with area ratio = 0.1; There are clear differences. After discarding some 
values, average the two-phase volume flow, as shown in Figure6(d), with the increase of the 
area ratio, the oil phase volume flow continues to decrease, before and after the area ratio = 0.2, 
full flow and full flow The difference is huge, which also proves that the impact of the intake air 
on the displacement of the rotary lobe pump is huge. Therefore, the inlet velocity under 
different area ratios at the time of t=0.5s is used as the data reference. The specific values are 
shown in Figure6(c). 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 5, 2022 

ISSN: 2664-9640                

178 

  
（a）Variation trend of gas inlet flow with 

time iteration step under different area 
ratios 

（b）Variation trend of oil phase inlet 
flow with time iterative steps under 

different area ratios 

  
（c）When time=0.5s, the inlet oil and gas 

velocity changes with the area ratio 
（d）When time=0.5s, the inlet oil and 
gas volume flow changes with the area 

ratio 

Fig6 Variation trend of physical quantities of inlet and outlet with area ratio and time 

 

5. Conclusion 

After comparing and analyzing the cloud graphs and line graphs under multiple sets of working 
conditions, the following conclusions are drawn: 

With the increase of the inlet area ratio of the rotor pump, the velocity of the inlet sludge will 
gradually decrease, and the volume flow of the oil phase will decrease significantly; while the 
velocity of the gas phase will show chaotic fluctuations at the inlet, and the inlet volume flow of 
the gas phase will have a certain increase. As long as gas is mixed into the inlet of the rotor 
pump, its sludge displacement will be significantly reduced; as the rotor rotates, the gas will 
further hinder the entry of sludge. 
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