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Abstract 

The separation efficiency of solid sand particles is the most important performance 
index of desanding device, but there are many factors affecting the separation efficiency 
of desanding device, such as structure size, operation conditions, etc. In this paper, the 
influence of operating parameters on the separation efficiency of this type of cyclone 
desanding device is investigated under the condition of meeting its continuous operation 
as well as high pressure operation conditions, combined with the actual working 
conditions at the gas field site, and determining the optimal structural size of the cyclone 
separator on high pressure wells. The main operating parameters studied in this paper 
include the treatment gas volume (inlet velocity), sand particle size and sand particle 
volume concentration. The above study is of guiding significance to effectively improve 
the separation efficiency, extend the service life of the equipment, and avoid the 
occurrence of gas field safety accidents. 
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1. Introduction 

In the process of natural gas extraction, some of the solid sand particles in the formation will 
flow out of the wellbore with the airflow under the action of high-pressure fracturing backdraft, 
and the sand-carrying airflow will cause serious hazards to the surface gathering system, such 
as: blocking pipes, wearing pipes, corroding pipes, damaging pipelines and valves, etc.[1]. In the 
process of natural gas extraction in high-pressure, high-sand-content fields, this hazard can be 
even more serious. At present, high-pressure cyclone desanding devices that can continuously 
discharge sand have been applied to actual production in China, and have achieved good results 
in natural gas extraction. However, the operating conditions of high pressure and high sand 
content are very complicated, and the wear and tear on the device facilities are relatively 
serious. Different operating parameters also have a great impact on the desanding efficiency. In 
view of the above-mentioned shortcomings in the high pressure cyclone desanding process, it 
is of great importance to study the influence of its operating parameters on the separation 
efficiency for the safe and efficient production of gas fields. 

2. Cyclone desanding device modeling 

The cyclonic gas enters the cyclonic separation cylinder through the tangential inlet line to 
make the gas phase containing sand particles move to form a cyclonic field, and through the 
strong cyclonic flow of the cylinder to achieve the separation of sand particles and gas phase[2]. 
In this paper, we mainly simulate and study the internal flow field of the cyclone desander, and 
do not consider its erosion effect, so in order to make reasonable simplification of the 
simulation process, only the main structure in the desander device is simulated in this study[3]. 
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2.1. Geometric structure of cyclonic desanding device 

The basic structure of the cyclone desander consists of an inlet, a cylindrical section, a conical 
section, an overflow pipe, and a bottom flow port. In this paper, Solidworks software is used to 
establish its three-dimensional model, and the specific model is shown in Figure 1. 

In order to meet the operating conditions, combined with the actual site conditions, the optimal 
geometric parameters of this high-pressure cyclone separator are determined as follows: 
D=300mm, H=1446mm, h=996mm, din=60mm, B=150mm, de=150mm, S=846mm. 
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Fig. 1 Three-dimensional diagram and structural sketch of desander 

2.2. Mesh division and solution 

In this paper, ANSYSICEM-CFD software is used to delineate the mesh. The purpose of the model 
area mesh delineation is to discretize the space to be calculated and to lay the foundation for 
the subsequent numerical calculation, so the mesh delineation is essential for the simulation 
calculation[3]. In this paper, the cyclone desander is divided into four parts: inlet, upper outlet 
(overflow), lower outlet (bottom flow), and wall. A hexahedral structure mesh is used to 
generate and two O-Block cuts are made, and the mesh division results are shown in Figure 2. 

In this paper, three different grid numbers of 272352, 557846 and 860156 are divided, and it 
is found that the grid number reaches 557846 to meet the need of computational accuracy by 
comparison. Therefore, the grid number used in the computational simulation of this study is 
557846, and the delineation results can meet the computational requirements. 

 
Fig. 2 The results of grid division 
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2.3. Boundary condition setting 

In this paper, Fluent software is used to simulate the work of cyclone desander, and the 
boundary conditions in the software are set according to the actual operating conditions, and 
the gas is idealized to be stable in the desander. 

In summary, the boundary conditions set in this paper are as follows. 

2.3.1 Boundary conditions of the inlet 

The inlet gas is air at room temperature, and the inlet type is set to Velocity-inlet. The density 
of air ρ=1.225kg/m3, aerodynamic viscosity μ=1.7894×10-5Pa-s, and the solid particle material 
is talcum powder with density ρ=2740kg/m3. The turbulence parameters are developed using 
the turbulence intensity I as the hydraulic diameter DH of the cross section at the inlet. 

2.3.2 Boundary conditions at the outlet 

The gas phase outlet boundary condition is selected as free outlet (Outflow) with the weight of 
flow set to 1. The solid phase outlet is also set as free outlet (Outflow) with the weight of flow 
set to 0. In the simulation of gas-solid phase flow, the solid phase outlet is set to trap boundary 
condition (trap) and the overflow pipe outlet is set to escape (escape)  [4]. 

2.3.3 Setting the boundary conditions of the wall 

The standard wall function is selected, and each wall of the desander is set as a boundary 
condition without slip, and the wall roughness parameter is set to 0.5. Set each part overlap as 
Interface surface. 

2.4. Set the solution control parameters 

In this paper, QUICK format is chosen as the discrete format, PRESTO format is chosen for the 
interpolation of the pressure gradient term, and SIMPLEC [5] algorithm is chosen for the 
numerical model solution algorithm in order to obtain more accurate calculation results. 

2.5. Simulation results and analysis of the flow field 

Figure 3(a) shows the tangential velocity cloud of the cyclone desander. The tangential velocity 
is an important indicator of the separation performance of the cyclone desander. In the internal 
and external vortex junction out to reach the maximum. Such a velocity distribution makes the 
gas nearer to the wall the weaker the ability to carry particles and thus reduces the kinetic 
energy of the particle phase, which ultimately facilitates the separation of gas and solid. 

As shown in Figure 3(b), the magnitude of the axial velocity in the upstream flow region is much 
larger than that in the downstream flow, where the axial velocity of the upstream flow can reach 
a maximum of nearly 13m/s, while that of the downstream flow can only reach nearly 9m/s. In 
addition, the axial velocity distribution is not completely axisymmetric in the area near the dust 
discharge port. This is due to phenomena such as backflow and stagnation inside the desanding 
device. 

Because of the instrument's own defects, the radial velocity could not be accurately 
determined[6]. The results of radial velocity simulation in this paper are shown in Fig. 3(c), and 
most of the distribution clouds show a centripetal trend, where the radial velocity at the axis 
and near the wall is 0, and the rest have positive and negative values. This is because the radial 
velocity points to the axis on one side and to the cylindrical cylinder wall on the other side due 
to the influence of short-circuit flow. While below the cylinder, when the forced vortex passes 
the axis of the desander, the radial velocity is small and points to the axis. And when it does not 
pass through the axis, it produces the phenomenon that one side is positive and the other side 
is negative. 

From Fig. 3(d), the total pressure cloud has good axisymmetry. The total pressure at the axial 
center is the smallest and increases gradually with the increase of radius. The total pressure of 
the gas does not change with the change of axial position. 
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Fig. 3 Flow field distribution of cyclone desander: (a) tangential velocity; (b) axial velocity; (c) 
radial velocity; (d) total pressure distribution 

 

3. Study of operating parameters of cyclone desanding device 

The separation efficiency of solid sand particles is the most important performance index of the 
desanding device, but there are many factors affecting the separation efficiency of the 
desanding device, such as the structure size, operating conditions, etc. In this paper, for the 
aforementioned optimal structural parameters, we focus on the influence of operating 
parameters on the separation efficiency. The main operating parameters include the processing 
gas volume (inlet speed), sand particle size and sand particle volume concentration. 

3.1. Separation efficiency calculation 

When studying the separation performance of the desander, the classification efficiency is more 
convincing than the total efficiency. Therefore, this paper adopts the method of studying the 
classification efficiency to study the separation performance of the cyclone desander. The 
separation efficiency of the cyclone desander can be expressed as the ratio of the number of 
particles captured by the lower bottom flow port to the total number of particles traced from 
the inlet. This is shown in the following equation. 
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𝜂 =
𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑐𝑎𝑝𝑡𝑢𝑟𝑒𝑑 𝑎𝑡 𝑡ℎ𝑒 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒 𝑐𝑜𝑙𝑙𝑒𝑐𝑡𝑖𝑜𝑛 𝑝𝑜𝑟𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑎𝑟𝑡𝑖𝑐𝑙𝑒𝑠 𝑡𝑟𝑎𝑐𝑒𝑑 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑖𝑛𝑙𝑒𝑡
× 100%

 
In this paper, when discussing the separation efficiency of the cyclone desander using the 
simulation software, the method applied is the particle tracking method, where the solid 
particles are mixed with the airflow from the inlet into the desander and the tracking step is set 
to 30,000 steps, which has the advantage that the particle phase has sufficient time to be 
tracked by the software. 

3.2. Influence of inlet velocity on the separation efficiency of the desanding 
unit for different treatment air volumes 

As the inlet velocity increases, the tangential velocity of the mixture entering the inlet will be 
greater, and the centrifugal force of the circular motion will increase, so that the separation 
efficiency of the desanding device will be higher and higher. In practice, it is found that this is 
not the case, but also to consider other aspects, such as the reasons for the equipment materials, 
etc. The inlet velocity is one of the important parameters affecting the separation efficiency, and 
the efficiency of the high-pressure separator can be studied by different inlet velocities to 
derive the corresponding variation law. 

In this paper, the daily treated gas volume is converted into corresponding different inlet 
velocities, and the separation efficiency variation laws of the separation unit are studied for 
inlet velocities of 13.76m/s, 41.28m/s, 68.8m/s and 92.65m/s, respectively. Among the solid 
particles, fractured sand with a density of 2740 kg/m3wasused, and the volume concentration 
of sand particles was two percent. For the same particle size, the effect of different inlet speeds 
on the separation efficiency of the cyclone desanding device is shown in Figure 4. It can be seen 
from the figure that, from the longitudinal point of view, if the particle size does not change, it 
can be found that the separation efficiency is constantly improved with the increase of the inlet 
velocity, and the increase of the inlet velocity also leads to the increase of the tangential velocity 
in value, thus making the swirl develop more fully. The separation speed was accelerated[7]. 
However, this is not a linear law of variation, the increase in separation efficiency is more 
evident when the velocity increases from 13.76m/s to 41.28m/s to 68.8m/s, but at 68.8m/s to 
92.56m/s, the separation efficiency is still increasing, but the trend of increasing separation 
efficiency is found to be slowing down. The reason for this situation may be that although the 
increase of the inlet velocity leads to a significant increase in the number of sand particles with 
the same volume concentration, the turbulent state of the sand particles is more intense due to 
the effect of the larger velocity and the acceleration of the mutual collision and rebound of the 
particles, which prompted the sand particles that were about to be deposited at the bottom flow 
mouth to be recoiled. Due to the increase of the inlet velocity, the radial flow velocity also 
gradually becomes larger; the downward axial gas velocity also becomes larger, and the 
residence time of solid particles is shortened; the fractured sand particles that have been 
arrested near the bottom flow mouth are more and more seriously affected by the entrainment 
of the return gas, and due to the combined effect of the above unfavorable factors, the 
separation efficiency of the desander increases slowly or even stays the same. In addition, when 
the velocity is increased, the ability of the gas to carry sand particles becomes stronger, which 
is sufficient to escape some of the small sand particles from the overflow port through the action 
of the internal cyclone. 
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Figure 4 The influence law of different inlet velocities on the separation efficiency 
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Figure 5 The effect law of particle diameter on the separation efficiency 

3.3. The influence of sand particle diameter on the separation efficiency of 
desander 

The overall separation efficiency of the desanding device is for a group of particles of a certain 
diameter, under different operating environments, the desanding device is used for different 
purposes and is now used in a wider range of fields, and the properties of the particles handled 
are different, furthermore the particle size of frac sand in industry is not quite accurate, 
therefore, under certain other conditions, the separation efficiency of a group of solid particles 
of different particle sizes should be particularly taken For comparison, the efficiency at this time 
refers to the separation efficiency under specific grain size conditions, which is more targeted, 
compared with the macroscopic total separation efficiency, with reliability, it is more reflective 
of the separation efficiency separation performance. Therefore, we specifically study the effect 
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of the variation of sand particle diameter on the separation efficiency for research. The effect of 
different particle diameters on the separation efficiency under the condition of one percent 
volume concentration and velocity of 41.28m/s is shown in the following figure. 

From Figure 5, it can be seen that the separation efficiency of particles with particle diameter 
of 50μm~80μm increases gradually as the particle diameter increases. This is because the 
separation process in the desanding device is mainly affected by the centrifugal force generated 
by the density difference between the two phases to achieve, for particles with relatively small 
particle size, increasing the particle diameter to increase the radial free settling velocity, the 
separation efficiency increases faster. But from the figure found that for 80μm ~ 100μm 
particles, the separation efficiency is generally high, the increase is low, the separation 
efficiency of large particles has been higher, 100μm and above can be removed basically all 
particles can be removed basically all can be removed. 

3.4. Effect of particle concentration on the separation efficiency of the 
desanding device 

The volume concentration of solid particles is also an important operating parameter of the 
desanding device, and its variation has an important influence on the separation efficiency of 
the desanding device. According to the experience of many tests in the field, it is known that the 
volume concentration is between one percent and three percent. In the continuous 
development and research process of the desanding device, the role of particle concentration 
on the separation efficiency of the desanding device is quite critical. In the one percent air-sand 
ratio, the separation efficiency was found to be not too high through the simulation, and the 
separation efficiency was significantly improved under the two percent air-sand ratio, and even 
the best separation efficiency appeared, but it decreased when the volume concentration was 
three percent. When the inlet velocity was set to 68.8m/s, the change pattern caused by the 
inlet particle concentration of one percent air-sand ratio, two percent air-sand ratio and three 
percent air-sand ratio under the same particle size was shown in the figure below. 

 
Fig. 6 The influence law of different concentrations on the separation efficiency 

As can be seen from Fig. 6, when other conditions are certain, for sand particles of the same 
diameter, the separation efficiency increases and then decreases as the volume concentration 
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increases. The effect of volume concentration on the separation efficiency is particularly 
"sensitive". 

The main reasons for this situation are (1) when the volume concentration is large, the sand 
particles entering the high-pressure separator grow rapidly per unit time, so that a serious 
"blockage" phenomenon occurs near the bottom flow port, and the sand particles cannot be 
discharged from the bottom flow port in time, but enter the inner cyclone again and escape 
from the overflow port, resulting in a significant decrease in the separation efficiency [8]. (2)The 
addition of sand particles increases the thickness of the boundary layer of the flow and 
increases the dynamic viscosity coefficient of the surface, so the cyclonic motion in the desander 
is weakened, and the centrifugal force of the whole solid phase is reduced, and the separation 
efficiency is therefore reduced. (3) With the increase of particle concentration, the greater the 
gravitational effect between particles, in addition to friction, combination and entrainment, 
collision and other effects between the solid phase is more obvious, there are more sand 
particles arrested to, so that the desanding device to the particle size of the small sand particles 
trapping ability has improved, also therefore the separation efficiency has improved. (4) There 
is a similarity with the conveying situation of buried pipeline, the particle carrying capacity of 
the rotating airflow in the desanders is also a critical amount. When the inlet speed of the 
desanding cylinder is certain, the increase of the gas-sand ratio is bound to make the carrying 
capacity of the gas exceed the critical amount. Beyond the critical amount of this part of the 
particles from the original direction of movement of the rotating airflow along the wall 
direction, the critical amount of particles within the rotating airflow still in motion so as to get 
separated. 

3.5. Effect of pressure distribution loss on separation efficiency 

The pressure distribution loss is defined here as the difference between the average static 
pressure at the velocity inlet section and the gas outlet section. Fluent provides a path to view 
the average pressure in a given plane: check Surface integrals under the Report menu, 
selectArea weighted average in the Report type, and check Pressure-static under Field variable 
pressure. The difference between the average static pressure of the inlet and outlet sections is 
the pressure drop of the cyclone. Generally speaking, the pressure distribution loss is strongly 
dependent on the inlet flow rate. Figure 7 depicts the pressure drop in the cyclone separator as 
the velocity gradually increases from 13.76m/s to 82.56m/s. 
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Figure 7 Relationship between inlet velocity and pressure drop 

The study shows that the pressure drop inside the cyclone separator increases gradually with 
the increase of the inlet flow velocity. In addition, the slope of the curve is gradually increasing, 
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which indicates that the magnitude of the pressure loss becomes larger and larger as the flow 
velocity increases. This is because as the inlet velocity increases, the stronger the rotation of 
the gas stream, the lower the central static pressure, and the lower the static pressure of the 
gas into the overflow pipe. This will make the dynamic pressure value increase, and in the 
absence of static pressure recovery device, the energy of dynamic pressure will be dissipated 
in the overflow pipe, resulting in greater pressure drop loss. 

If the gas inlet flow rate is increased at the cost of increasing the pressure loss, the separation 
efficiency of the separator can be improved to a certain extent as can be seen from the previous 
analysis. However, from the energy point of view, it is not advisable to let the flow rate be too 
large, because the wear of the inner wall of the separator is proportional to the fourth power of 
the gas velocity. Excessive flow rate will accelerate the barrel damage and affect the separation 
efficiency. 

4. .Conclusion 

a) In the actual project on site, we should choose the optimal inlet speed to ensure that the 
desander is operating at high efficiency and that the equipment is operating safely on the 
premise thatChoosing a lower inlet flow rate will reduce energy consumption and also extend 
the service life of the desander. 

b) On the whole, the separation efficiency of the desander is increasing with the increase of 
particle size under the condition that the inlet speed and volume concentration are certain. 

c) When the inlet concentration of sand particles is small with the increase in concentration, 
the ability of the desander to trap particles is enhanced, basically the separation efficiency is 
showing growth, but when the concentration is too large more than a particular, the separation 
efficiency appears a certain degree of decline. 

d) Increasing the pressure loss can increase the inlet flow rate and improve the separation 
efficiency of the separator to a certain extent, but the excessive flow rate will accelerate the 
wear and tear consumption of the equipment, which is not conducive to improving the 
separation efficiency in the long run. 
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