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Abstract 

A fracturing fluid-flow hydrocyclone was designed and numerically simulated by 
computational fluid dynamics for the removal of solid particles in shale gas fracturing 
flow-back fluids.In our study , the pressure from the wall surface decreases with the radius. 
The highest value gradually decreases, and finally a negative pressure is generated at the 
center of the shaft, and the outside air enters the inside of the cyclone from the overflow 
pipe and the bottom pipe, and forms an air column in the negative pressure region . The 
tangential velocity is M-shaped, that is, the tangential velocity at the wall surface is 0,as the 
vortexer decreases, the tangential velocity increases continuously. As the radius of the 
cyclone decreases, the axial velocity gradually increases, and the direction changes from 
negative to positive, that is, enters the inner swirl region. The distribution of the particles 
shows a tendency that the concentration of the wall is large and the concentration of the 
center is small, and the larger the diameter of the particles, the more obvious the particles 
are discharged through the bottom opening, and the particles at the axis are discharged 
through the overflow 
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1. Introduction 

Fracturing technology is the main way to increase production of shale gas reservoirs. However, in the 

process of fracturing, a large amount of anti-discharge liquid will be produced, which has large liquid 

volume, large sand volume, high viscosity, high COD value and high salt content. Improper handling 

will pollute the environment. There are many methods for dealing with fracturing and anti-discharge. 

The traditional treatment methods mainly include physical methods (sieve filtration, adsorption and air 

flotation), chemical methods (neutralization method, oxidation method, coagulation method and 

micro-electrolysis method), biological methods, etc. Since the single method does not completely treat 

the fracturing anti-discharge, the above two or more methods are combined to perform modular 

processing. With the advancement of technology, some new fracturing fluids, such as mechanical 

vapor recompression evaporation technology, "smart sponge" adsorption technology, and OPUSTM 

technology, have emerged. Compared to traditional technology, new technologies are immature. At 

present, the joint process is mainly used to modularize the shale gas pressure cracking and 

anti-discharge [1]. 

The physical module in the combined process is mainly to remove solid particles such as mud sand, 

bridge plug fragments and proppant in the fracturing anti-discharge liquid. Hydrocyclones are widely 

used in the removal of solid particles in physical modules due to their simple structure, low cost of use, 

high throughput and high separation efficiency. Since the 1980s, the research and application of 
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hydrocyclones have received much attention, such as liquid-liquid double-cone or multi-cone cyclones, 

solid-liquid column-type cyclones, solid- Liquid-gas three-phase inner cone type cyclone, as well as 

aerated flotation cyclone, magnetic cyclone and the like. Due to the complexity of the internal flow 

field flow form, as well as the operational parameters, physical parameters and structural parameters 

are not fixed. The design of the cyclone does not form a uniform standard, so that a general model 

cannot be formed. Most existing design methods are based on experience and are generally based on or 

between theories. Therefore, the optimization research of a certain cyclone is particularly important. In 

our study, the internal flow field and separation efficiency of the hydrocyclone in the separation 

process are mainly studied [2] [3]. 

2. Model 

2.1 Mathematical Model 

2.1.1 Sub-Section Headings 

Because of the complexity of the internal flow field of the hydrocyclone, the choice of the model is 

particularly important. Because the Reynolds stress model considers rapid tension changes, streamline 

bending and vortices, it has high computational accuracy in three-dimensional flow, and through a 

large number of experimental studies and simulations, the Reynolds stress equation (RSM) can be 

more accurately The internal flow field of the hydrocyclone is simulated, so the Reynolds stress model 

is chosen as the turbulence model. 

After dimensional analysis, the collated RSM model is: 

ij 

Where is the turbulent energy diffusion term, is the shear stress generation term, is the 

pressure strain term, and is the viscous dissipation term; 

The Mixture model is suitable for situations where there is mixing or separation, and the method of 

using this model is described in detail in other documents, and will not be described again here. For the 

sake of completeness, the main features of the model are listed here: 

 

 

+ (-  

+  

Where m refers to the mixed phase, n is the number of phases, - is the Reynolds stress 

phase. 

2.2 Simulation Condition 

The structural parameters of the hydrocyclone are shown in Fig. 1(a), and the fluid calculation domain 

is divided into structured grid by ICEM. The result is shown in Figure 1(b). 

The inlet is set to the speed inlet during the simulation, the underflow and overflow are set as pressure 

outlets, and are set to free outflow. The wall surface adopts no slip boundary condition. In order to 

improve the precision of the simulation, the QUICK discrete format is selected, and the SIMPLE 
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algorithm of pressure velocity coupling is selected for the characteristics of the internal flow field of 

the hydrocyclone [4] [5] [6]. 

Through the collection and analysis of the anti-drainage at the fracturing site.The viscosity of the 

fracturing back drain is below 5 mPa.s. The proppant is quartz sand with a particle diameter of 

380μm-830μm, which is mixed with a large amount of clay particles and solid suspended matter. The 

physical processing module of the fracturing backflow liquid mainly removes solid particles above 

50μm to ensure fine filtration. And the normal operation of various equipment in the sewage treatment 

module. By measuring the viscosity of the fracturing anti-drain and taking the arithmetic mean, the 

viscosity of the fracturing anti-discharge is 3.6 mPa.s, the density is 1020 kg/m3, and the density of the 

proppant and the solid suspension is 2650 kg/m3. The feed to the cyclone separator is a mixture of 

fracturing counter-discharge and quartz sand, and the inlet speeds of the two materials are the same. 

The particle size distribution and volume fraction of solid particles used in the simulation are shown in 

Table 1. 

                     

(a) Structure                                      (b) mesh 

Fig. 1 Structure and meshing 

2.3 Grid Independence and Experimental Reliability Testing 

The grid independence detection can avoid the calculation error caused by the problem of grid 

precision to some extent. By simulating the model with a certain number of meshes and intercepting 

the velocity and pressure values at the same axial position of the model, the intercepted position is as 

shown in Fig. 1(b), and the range in which the axial velocity value changes is small, and As the number 

of simulated grids, it can be closer to the actual separation mechanism and save the consumption of 

computer resources to some extent. 

In order to verify the reliability of the calculation model and CFD numerical simulation, the cyclone 

separator of the same structural size was selected for experimental research, and the conditions for the 

initial conditions were the same as those for the numerical simulation. 2. This paper conducts a PIV 

test on the internal flow field of a cyclone separator. And a straight line is taken at the same axial 

distance for comparative analysis of axial velocity. The assembly diagram of the PIV test bench is 

shown in Figure3. 
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Fig. 2 Grid independence and experimental reliability testing 

Pass the map. The analysis shows that the simulated velocity value changes little when the number of 

meshes reaches 900,000, and it can be seen from the comparison of the velocity values of the PIV 

experiment and the CFD numerical simulation that the two velocity curves are basically consistent, and 

the PIV shown in the figure is shown. The interruption of the experimental speed profile in the middle 

is due to the air column. Based on the above analysis, it can be concluded that CFD can predict the 

internal flow field of the hydrocyclone very well. 

 

Fig. 3 PIV assembly schematic 

1——laser generator; 2——CCD camera; 3——computer; 4——flow meter; 5——hydrocyclone; 

6——valve; 7——pump 

3. Simulation Results and Analysis 

3.1 Pressure and Velocity 

The pressure gradient in the radial pressure field of the hydrocyclone is also an important factor in the 

movement of particles or fluids, and macroscopically, the loss of energy in the hydrocyclone is 

represented by the pressure drop at the inlet and outlet, thus a hydrocyclone The study of pressure and 

pressure drop is essential for the analysis of the internal flow field and the improvement of separation 

efficiency. It can be seen from Fig4(a)that the distribution of the central position of the column section 

and the cone section, which is basically consistent with the pressure distribution of the combined vortex 

field, that is, the pressure from the wall surface decreases with the radius. The highest value gradually 
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decreases, and finally a negative pressure is generated at the center of the shaft, and the outside air 

enters the inside of the cyclone from the overflow pipe and the bottom pipe, and forms an air column in 

the negative pressure region [7] [8]. 

    
 (a) (b) (c) (d) 

Fig. 4 Pressure and velocity distribution 

In the three directions of the flow field inside the cyclone separator, the tangential velocity plays a 

major role, and its value is also the largest, and is the premise of generating centrifugal force . It can be 

seen from the figure4(b) that the tangential velocity is M-shaped, that is, the tangential velocity at the 

wall surface is 0. As the vortexer decreases, the tangential velocity increases continuously. When it 

reaches the vicinity of the axis, it is cut. The velocity is the largest, and then begins to fall. The 

distribution of free vortex and forced vortex velocity in the outer swirl and inner swirl regions 

respectively . 

By studying the separation principle of cyclone separator, it can be known that in the separation 

process, the distribution of the separated particles will be distributed with the gradient of the particle 

radius, that is, the larger particles are distributed on the wall surface, and the smaller particles are 

distributed near the axis. It can be seen from the analysis of the graph4(c) that at the position of the 

column section and the cone section, the position of the cyclone near the boundary layer produces a 

downward axial velocity, that is, The cyclone separation space outside the cyclone is the spatial region 

where most of the coarse particles are concentrated. As the radius of the cyclone decreases, the axial 

velocity gradually increases, and the direction changes from negative to positive, that is, enters the 

inner swirl region. 

Figure 4(d) is the radial velocity diagram of the hydrocyclone.The radial velocity is the smallest 

compared to the other two velocities, but it does not mean that it has a small effect on the separation 

operation. The internal traction of the solid particles is mainly derived from the friction generated by 

the radial movement of the material. 
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3.2 Particle Distribution 

    

(a)50μm (b) 70μm (c) 90μm (d) 110μm 

Fig. 5 Particle distribution 

It can be seen from the analysis of the particle distribution cloud map that the particle concentration 

increases continuously along the radius of the hydrocyclone, and the particle concentration at the wall 

increases as the particle radius increases. In the analysis of the axial velocity, it can be seen that the 

axial velocity near the wall surface is along the Z-axis, so that the particles can be discharged through 

the underflow opening, and the axial velocity near the axial center is along the Z-axis, so that the liquid 

passes. The overflow port is discharged to achieve the purpose of separating solid particles. 

4. Conclusion 

(1). As the rotation radius of the hydrocyclone decreases, the pressure is continuously reduced and 

finally becomes a negative pressure. The air entering through the overflow port and the bottom flow 

port forms an air column in the negative pressure region, and the pressure drop value near the air 

column is Constantly increasing, which also verifies that the presence of the air column increases the 

loss of energy. 

(2). The tangential velocity in the flow field in the hydrocyclone is M-like. The axial velocity is below 

the Z-axis near the wall and near the axis in the Z-axis. The distribution of radial velocities is the most 

complex.  

(3). The distribution of the particles shows a tendency that the concentration of the wall is large and the 

concentration of the center is small, and the larger the diameter of the particles, the more obvious the 

particles are discharged through the bottom opening, and the particles at the axis are discharged 

through the overflow.  
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