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Dynamic hydrocyclone and compound hydrocyclone are both new high efficiency separators whose difference 

is whether the pipe wall (wall of separation chamber) is rotating when working, but the influences of rotating 

pipe on hydrodynamics and performance of dynamic hydrocyclone has not been well studied. In this paper, a 

three dimensional numerical simulation applying Reynolds Stress Model (RSM) coupled with Multiple 

Reference Frame (MRF) model and algebraic slip mixture model was conducted to analyze flow field of 

dynamic hydrocyclone with and without pipe rotation. The results show that, pipe rotation can accelerate the 

flow around the wall leading to an increase of tangential velocity as well as avoidance of large velocity 

gradient around the wall. On the other hand, pipe rotation has little impact on axial velocity. And investigation 

on the turbulence shows that pipe rotation may effectively attenuate turbulent transport. What’s more, pipe 

rotation significantly improves aggregation effect of oil droplet, which leads to an increase of separation 

performance. 

1. Introduction 

Known as a multiphase separator with high separation efficiency, small space requirement, and low energy 

consumption, hydrocyclone is gradually replacing the conventional vessel separator in the petroleum industry, 

and has been popularized to various fields (Papoulias and Lo, 2015). However, the swirling flow in a 

conventional hydrocyclone is established by a tangential inlet, so the swirl intensity is closely related to the 

inlet pressure or flow rate. Thus the conventional hydrocyclone is handicapped by some inherent limits such 

as the necessity to have a high pressure inlet to get sufficient acceleration field and the loss of efficiency at 

low flow rate. Considering these drawbacks of conventional hydrocyclones, dynamic hydrocyclone (DH) was 

developed by TOTAL CFP and NEYRTEC (Gay et al., 1987). The structure diagram of oil-water DH is shown 

in Figure 1, the main difference against static hydrocyclone is that fluid enters DH from an axial inlet, and is 

rotated by synchronous rotating blades and pipe (separation chamber wall) driven by a motor. Under the 

centrifugal force produced by swirling flow, lighter phase migrates towards the centerline then exits from 

overflow outlet and heavier phase moves towards the wall then exits from the underflow outlet. The 

performance of DH has been investigated by several researchers (Chen et al., 2015; Jones, 1993). the results 

showed that DH can remove smaller oil droplets from water and can operates efficiently at lower inlet 

pressures compared with conventional hydrocyclones. 

In recent years, some researchers (Wang, et al., 2005) designed a new hydrocyclone called “compound 

hydrocyclone (CH)” which is a combination of dynamic and static hydrocyclones. It has a similar structure as 

DH with motor-driven blades to produce swirling flow, but its separation chamber is not rotating. The design 

intent of CH was to improve reliability of DH by diminishing a moving part — the rotating pipe wall. However, in 

the research of rotating pipe flow, it has been proved that rotating pipe had a significant effect on turbulence 

transfer, velocity distribution and friction loss (Imao et al., 1996). And the turbulence and velocity distributions 

are important factors affecting separation performance of hydrocyclone. But the specific influence of rotating 

pipe on DH remains unknown. 

Computational Fluid Dynamics (CFD) is an useful tool in industrial and non-industrial applications. Compared 

with experiment method, CFD is a cheap and efficient way to provide valuable quantitative insight into the 

hydrodynamic behaviours of flow. It makes the industry more efficient and productive and have become very 
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popular for simulating flow fields and performance in many areas (Guo et al., 2016; Song et al., 2016). In this 

paper, the flow fields of DH with and without pipe rotation are studied by CFD method whose validity and 

accuracy is verified by experiment data. The effects of rotating pipe on velocity profile, turbulence distribution 

and oil-water separation performance are deeply investigated. The results of this paper shed light on flow and 

separation mechanism in DH and are favour of its design. 

 

Figure 1: Diagram of dynamic hydrocyclone. 1 - Inlet; 2 - Motor; 3 - Mechanical seal; 4 - Bearing; 5 - Blades; 6 

- Rotating pipe; 7 - Overflow outlet; 8 - Underflow outlet 

2.  Model description 

2.1 Turbulence model 

The most widely used turbulent models for cyclone separators are κ-ε model and the Reynolds stress model 

(RSM). The RSM solves Reynolds stress transport equations directly, and thus avoids the use of an eddy 

viscosity and is well suited for handling the anisotropic turbulence fluctuations (Liu and Gao, 2015). The RSM 

always provides more accurate results than model, so RSM was adopted in this study. 

2.2 Moving zone model 

The blades and separation chamber wall of DH rotate all the time when working, so the simulation involves 

moving zone. There are 3 models for mobile zone problems, Multiple Reference Frame (MRF), Sliding Mesh 

(SM) and Dynamic Mesh (DM). MRF is a steady-state approximation in which mesh doesn’t really move, and 

the equations of moving zone are calculated in a moving coordinate system. While In SM and DM methods, 

the mesh actually moves. And these two methods calculate the transient flow field, and cost considerably 

more than the MRF method. Under stable working condition, the flow in DH can be seen as steady flow, and it 

has been proved that the MRF model can provide a reasonable result of the time-averaged flow for many 

applications (Deglon and Meyer, 2006; Yang and Zhou, 2015). So MRF is suitable for the simulation. 

2.3 Multiphase model 

To simulate oil-water two-phase flow, algebraic slip mixture model is applied in this work. It is a good 

substitute for the full Eulerian multiphase model especially when the entrance volume fraction of dispersed 

phase is lower than 10% (Paladino et al., 2005). The mixture model can model several phases (fluid or 

particulate) by solving the momentum, continuity, and energy equations for the mixture, the volume fraction 

equations for the secondary phases, and algebraic expressions for the relative velocities. It’s suitable for the 

simulation of cyclone separators. 

2.4 Model validation 

In order to verify the feasibility of the simulation method, flow field in a rotating pipe in Reich and Beer’s 

experiment (1989) was first simulated by the same method in this work. The simulation results and 

experimental data of Reich and Beer have been plotted in Figure 2. It can be seen from Figure 2 that the flow 

field was predicted with high accuracy using the simulation method described above. Figure 2(a) shows that 

axial velocity profiles of present work have little distinct with Reich and Beer’s experimental data, and the 

laminarization phenomenon is well presented when N increase. Tangential velocities are compared in Figure 

2(b) and also show good agreement, calculated tangential velocity grows with radial distance in a quadratic 

function, and shares the similar tendency with experimental data. So it can be concluded that the models 

mentioned above are feasible for the simulation of swirling flow in rotating pipe. 
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(a) Axial velocity (b) Tangential velocity 

Figure 2: Comparison of velocity distribution between experimental data (Reich and Beer, 1989) and results of 

present simulation; vz– axial velocity, Um– axial mean velocity, v– tangential velocity, Vw– tangential velocity 

at the pipe wall, rotation rate N= Vw/Um 

3. Computational details 

3.1 Computational domain and grid arrangement 

As shown in Figure 1, the diameter (D) of DH studied in this work is 50 mm; the length of separation chamber 

(L) is 800 mm; the lengths of blades (L1 and L2) are 85 mm and 100 mm respectively; the diameter of 

overflow outlet (d1) is 10 mm and the inner diameter of annular underflow outlet (d2) is 30 mm. Due to the 

complicated structure, it’s quite challenging to generate a good grid that can accurately predict the studied 

flow field. With repeated attempts, structure grid was successfully divided by software ICEM. Figure 3 shows 

an overall view of the generated grid. The total number of cells is 240,143, and the grid in the vicinity of the 

inlet, outlet and blades was refined.  

 

Figure 3: Grid and boundary conditions 

3.2 Boundary conditions 

The boundary conditions are also illustrated in Figure 3. Flow enter the hydrocyclone though “velocity inlet” 

where the value of velocity were calculated from the flow rate which is 3 m3/h. Overflow and underflow outlet 

boundaries were set as “outflow”, with the flow split ratio of 10%. The oil referred herein is diesel with density 

of 810 kg/m3 and viscosity of 0.004 Pa•s. The density of water is 1,000 kg/m3, and the viscosity is 0.001 Pa•s. 

In order to investigate the influence of rotating pipe, computational domain was divided into several zones: the 

inlet zone and overflow zone were stationary; blades zone was rotating; and separation chamber zone was set 

stationary or rotating in different cases, and the different zones were connected by interfaces. Rotation speed 

of 600, 800 and 1,000 rpm were studied 

4. Results and discussions 

4.1 Boundary conditions 

Tangential velocity is the most important velocity component in hydrocyclone, because the centrifugal force 

that separates oil and water relates directly to tangential velocity. Figure 4 illustrates tangential velocity for 

both cases with and without pipe rotation. When only the blades rotate, tangential velocity profiles are similar 

to static hydrocyclone. The flow behaves like Rankine vortex, in which the flow is of the “forced vortex” type in 

the center and of the “free vortex” type in outer space. In the center, tangential velocity is proportional to the 
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distance to pipe centerline. And in outer space, tangential velocity decreases slowly from extreme point to the 

wall, and it should be mentioned that there exists large velocity gradient near the wall which may lead to 

droplet breakage. However, when blades and pipe wall rotate synchronously, it is found that the flow also can 

be divided into inner and outer parts. The inner flow is still “forced vortex”, but in outer flow the tangential 

velocity no longer decreases but increases along radial direction. It can be inferred that rotating pipe 

accelerates the flow near the wall, making the tangential velocity in outer flow remains high. Another effect of 

rotating pipe can be seen from Figure 4(a), tangential velocity becomes smaller when the axial distance 

increase in the case without pipe rotation, but it decays little with increase of axial distance in the case with 

pipe rotation. It indicates that rotation is slowed down by friction against the wall of cyclone. Larger tangential 

velocity can provides larger centrifugal force and it’s beneficial for separation. 

 
 

(a) (b) 

Figure 4: Comparison of tangential velocity distribution in different cases. (a) different cross sections at 

rotation speed of 800rpm; (b) different rotation speed at the same cross section Z/D=9 

Figure 5 indicates the axial velocity distribution of DH in different cases. From the centreline to the wall, axial 

velocity decreases at first, then increases and finally decreases again. And it is found, through comparison, 

that pipe rotation has not much influence on axial velocity, curves of two cases show the same trend. The only 

difference is that pipe rotation makes the curves more flat. What’s more, from Figure 5(a), it can be seen that 

axial velocity becomes larger in the center and smaller around the wall when the cross section gets closer to 

outlet. Figure 5(b) shows a trend that increasing rotation speed may cause axial velocity curve to become 

steeper. 

  

(a) (b) 

Figure 5: Comparison of axial velocity distribution in different cases. (a) different cross sections at rotation 

speed of 800rpm; (b) different rotation speed at the same cross section Z/D=9 

4.2 Turbulence 

In Figure 6, turbulent intensity is shown for both cases at section Z/D=9. Turbulent intensity is defined as the 

ratio of the root-mean-square of the velocity fluctuations to the mean flow velocity, and it reflects strength of 

turbulence. As is seen, rotating pipe can effectively decrease turbulent intensity, especially around the wall. 

With pipe rotation, turbulent intensity is below 7%, while without pipe rotation, it’s larger than 10% when 
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rotation speed is high. What’s more, when rotation speed increase, without pipe rotation, turbulent intensity 

grows sharply; with pipe rotation, turbulent intensity increases a little. The results agree with findings in the 

research of rotating pipe flow that pipe rotation leads to attenuation of turbulent transport (Imao et al., 1996). 

This phenomenon is beneficial for separation, because turbulence is one of the causes that limit the 

performance capabilities of hydrocyclone (Gay et al., 1987). 

 

Figure 6: Comparison of turbulent intensity distribution with and without pipe rotation 

 

Figure 7: Comparison of separation efficiency 

4.3 Oil-water separation performance 

 

Figure 8: Contours of phase friction of oil, (a) without pipe rotation; (b) with pipe rotation 

1025



Figure 8 shows the contours of phase friction of oil (diesel) in DH. As is seen, thanks to the axisymmetric 

structure and axial inlet, the oil phase distribution is also axisymmetric. Under centrifugal force, oil is 

aggregated towards center, and the aggregation effect gets better when rotation speed grows. Comparing the 

cases with and without pipe rotation, it could be seen that pipe rotation can improve the aggregation effect. 

With pipe rotation, the oil fraction is larger in the center and smaller in the outer space. Improvement of 

aggregation of oil leads to an increase of separation efficiency, as shown in Figure 7. Obviously, pipe rotation 

improves separation efficiency largely, the improvement is about 20%. So, theoretically, it’s better to have the 

pipe rotate together with the blades to gain better separation performance for dynamic hydrocyclone. 

5. Conclusions 

CFD approach based on finite volume method was used to investigate the effect of rotating pipe on a DH. 

RSM coupled with MRF model were utilized to simulate the dynamic turbulent flow, and algebraic slip mixture 

model was applied to simulate oil-water two-phase flow. The numerical method was validated by experiment 

of rotating pipe flow. The flow fields of DH with and without pipe rotation were compared, and the results 

indicate that pipe rotation has significant influence on velocity and turbulence distributions. With pipe rotation, 

the tangential velocity is accelerated; turbulence intensity is reduced and efficiency is promoted. From this 

point, it’s better for DH to run with a rotating pipe. However, the rotating pipe is exposed to air and the 

mechanical reliability needs to be test further more. 
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