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Effect of Spiral Inlet Geometric Parameters on the Performance of
Hydrocyclones Used for In Situ Desanding and Natural Gas Hydrate
Recovery in the Subsea
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ABSTRACT: The inlet structure of hydrocyclones has great impact on performance. In this paper, the effects of spiral inlet
geometric parameters on the flow field characteristics and separation performance were investigated by CFD. Numerical results show
that the pitch has the largest influence, followed by the heads, the turns, and the steady flow cone. With the increase of the steady
flow cone angle, the turbulence intensity increases. The efficiency, pressure drop, tangential velocity, sand volume fraction at the
spigot, and natural gas hydrate (NGH) volume fraction at the vortex finder decrease, when the pitch increases. With the increase of
the number of heads and turns, the efficiency, pressure drop, tangential velocity, the NGH volume fraction at the vortex finder, and
the sand volume fraction at the spigot increase. The efficiency and pressure drop of hydrocyclones with the optimal parameters are
90% and 0.05S MPa, respectively. Therefore, the performance of the NGH hydrocyclone can be improved by increasing the inlet
pitch and the number of spiral heads and inlet spiral turns. The results provide theoretical guidance for the engineering design of
NGH in situ separators.

1. INTRODUCTION the most potential separation equipment in the in situ
separation and desanding technology, presented in Figure 1.
The research on desanding and NGH recovery using
hydrocyclones gradually becomes a potential field of high
research interest.

Research has been carried out to evaluate the impact on the
internal flow behavior of the hydrocyclone applied in other
fields. Accordingly, many suggestions for optimizing the
structural parameters of hydrocyclones are put forward.”*
For example, the performance of hydrocyclones can be
improved by changing the overflow pipe,’” "' the cone
section,'” and the column section.”® Since the inlet structure

Hydrocyclone is one of the most important liquid—solid
separation devices that is widely used in many industrial fields.
Due to the comprehensive force field in the hydrocyclone, the
particles can be classified. With higher centrifugal force, the
larger or heavier particles are collected by the underflow, while
the smaller or lighter particles are separated from most of the
fluid by overflow. As efficient centrifugal separation equipment,
hydrocyclones are characterized by large capacity, a small
physical size, low production, maintenance costs, and strong
adaptability to harsh conditions." So far, the accurate
classification of continuous liquid—solid suspension particles
has been greatly concerned in the development of different

industries. Natural gas hydrate (NGH) has been proven to be Received: October 12, 2022
one of the most promising clean energy sources.” Trial Accepted:  January 23, 2023
production shows that the sand production is serious during Published: February 3, 2023

mining, resulting in a high sand content of NGH slurry.*™
Therefore, the new separation and desanding technology and
equipment are urgently needed. Hydrocyclone is selected as
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Figure 1. Technology and process of exploitation of NGH.

is the key point affecting the separation behavior of
hydrocyclones, more attention is paid to the optimization of
the inlet structure. Some results show that the classification
sharpness of hydrocyclones is improved by the symmetrical
inlet.'*!> Li et al.'®'” studied the influence of linear, arc, and
spiral inlet pipes on the separation performance, which showed
that the vortex involute inlet can improve the performance.
Ren et al.'"* ™" presented that tangential inlets have the highest
separation sharpness among different types of inlets. At the
same time, Zhang et al”' concluded that the separation
efficiency can be improved by optimizing the tangential inlet
angle. Celis et al.”>* studied the influence of the spiral inlet
structure on the performance of hydrocyclones and showed
that better spiral inlet structure parameters can improve the
separation performance. Some research on the effect of
structure on the performance of NGH hydrocyclone has
been carried out. Wang et al.”*~*° studied the influence of the
structural parameters of a tangential inlet on the separation
performance and showed that the separation performance can
be improved by optimizing the parameters of the overflow
pipe, underflow pipe, column section, and cone section. Chang
et al.””*" designed two types of axial-flow NGH hydrocyclones,
analyzed the influence of geometric parameters such as inlet
and outlet, and spiral separation section on the separation
performance, and then obtained a better parameter combina-
tion. However, the mechanism between the spiral inlet
structure and the performance of NGH hydrocyclone is not
fully understood. To further improve the performance of NGH
hydrocyclone, it is of great practical significance to understand
the mechanism of the spiral inlet structure affecting separation
efficiency and sharpness.

The purpose of the present work is to investigate the effect
of spiral inlet geometric parameters on the performance of
NGH hydrocyclone by the numerical method. An axial spiral
inlet hydrocyclone was proposed for the in situ desanding of
NGH. The effect of spiral inlet pitch, the heads, the turns, and
the steady flow cone on the flow field characteristics,
separation efficiency, and pressure drop were studied. These
results are used to understand the mechanism that affects the
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turbulence intensity, tangential velocity, discrete phase, and
separation efficiency with the change of inlet steady flow cone,
pitch, number of turns, and number of heads. In addition,
hydrocyclones with optimized inlet structure parameters are
used for in situ desanding and NGH recovery.

2. MATERIALS AND METHODS

2.1. Geometry and Mesh Generation. Figure 2 presents
the geometrical model and the mesh of the novel hydro-

(a) Geometry

(b) Meshing

Figure 2. Geometry and meshing.

cyclone. To better understand the movement of NGH and
sand in hydrocyclone, a simplified novel hydrocyclone
geometry is built by Solidworks software. Different from the
traditional hydrocyclone and spiral separator, the novel
hydrocyclone is mainly divided into two parts: spiral inlet
and cyclone body. The spiral inlet plays the role of
preseparation and produces a swirling flow. The cyclone
body plays the main role of separation. The main structural
parameters of the parts are shown in Table 1. To improve the
computational accuracy, the grids were refined in the key
section. The grid was divided by the mesh software in the
Workbench. The whole computational domain was repre-
sented by tetrahedral and hexahedral mesh.

2.2. Model Description. 2.2.1. Multiphase Model. DPM
is only applicable to simulate hydrocyclones processing the
feed with a low solid concentration. The mixture model which

https://doi.org/10.1021/acsomega.2c06582
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Table 1. Main Structural Parameters of Novel Hydrocyclone

structural parameters size

dominant diameter D (mm) 100
pitch of inlet B (mm) 24
number of inlet spiral circles n 2
number of inlet spiral heads m 2
cone angle of steady flow cone (°) 10
diameter of vortex finder d, (mm) 32
insertion depth of vortex finder h, (mm) 50
length of cylindrical section H (mm) 65
diameter of spigot ds (mm) 26
length of spiral inlet H; (mm) 125
cone angle (°) 10

can be regarded as a simplified two-fluid model has been
proven to be valid for hydrocyclones with a high feed solid
concentration.”’ In this paper, to represent the multiphase
characteristic, the mixture model was used, because the mixed
slurry concentration is 25%. The mixture model is a simplified
multiphase model with the advantages of both calculation
precision and speed compared with the full Eulerian multi-
phase model and Lagrangian model.
The continuity equation can be written as:

ap
ot

dpu.
Ph _ o
Ox;

(1)

The momentum equation of the mixture model can be
written as:

0 0 0| <
—(pu;) + —(puu. —
m (pu;) 0x_ (puu;) ox k2=3; Py

_9 4
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j i
0 oy, Ou; —7 .
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where ug, is the drift velocity, g is gravitational acceleration,

and —pui/u}{ is the Reynolds stress term. u;

14
and the density of the mixture phase fluid, respectively, which
are written as equations:

n
Zk:l akpkuk,i
)
p

u; and p are velocity

p=2akpk,u,—=

H= Z Xty
k=1 k=1

©)
where i, a;, pp, and u; are viscosity, the volume fraction,
density, and velocity the kth phase fluid, respectively.

2.2.2. Turbulence Model. The RSM model has the
advantages of both calculation time and accuracy compared
with the RANS (Reynolds Average Navier—Stokes) models
and LES (Large eddy) model, which also are great advantages
for predicting behavior of complex flows such as swirling flow
in the cyclone accurately. The RSM model uses the partial
differential transport equation to calculate the single
component of the turbulent stress tensor. Therefore, the
Reynolds stress model was used in this paper.

The RSM model transport equation can be written as:

opuju;) . I pugu]u;)
ot

axk

= DT’,-I- + DL,,-]- + P,-}- + G,.]- + quj + ¢+ Fi;' (4)
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where Dy ; is molecular viscous diffusion, Dr, ; is the turbulent
diffusion, G; is the buoyancy generation, ®; is the pressure

ij ij
strain, &; is viscous dissipation, F; is the system rotation

generation, and Py is shear stress gerlleration.

2.3. Boundary Conditions and Solver. The hydrate
dissociation is very little in the downhole in situ environment.
The temperature of the hydrate reservoir in the South China
Sea is about 278 K, and the pressure is about 12 MPa. From
the phase equilibrium curve of the hydrate, when the
temperature is 278 K, the minimum pressure to keep the
hydrate stable is about 8 MPa.””* In this paper, the maximum
pressure drop from the inlet to the outlet of hydrocyclone is
not more than 0.6 MPa. Judging from the pressure drop, the
probability of hydrate decomposition is small. The second
reason is that the decomposition of hydrate takes time.
Generally, it takes 30 min for the hydrate to decompose. The
residence time of mixed slurry in the hydrocyclone is generally
second. Before entering the hydrocyclone, the hydrate will be
decomposed to a certain extent affected by factors such as
temperature and other collisions. Due to the decomposition of
hydrate, there will be a small amount of gas phase in the mixed
slurry. Therefore, based on the ideas of solid fluidization
mining of NGH, it was supposed that the mixture slurry of
NGH contained only three phases, namely, seawater, NGH
solid, and sand. NGH has no phase change. The size
distributions of NGH and sand particles are the same and
spherical. The fluid is incompressible. The physical parameters
of the media used in this study are shown in Table 2. The

Table 2. Physical Parameters of Various Media

media density (kg/m®)  viscosity (kg/m/s)  volume fraction (%)
seawater 1025 0.0017 75
sand 2600 I
NGH 910 10

specific simulation parameters are set as follows: the particle
diameter was 30 um, the sand volume fraction was 15%, the
NGH volume fraction was 10%, and the inlet velocity was 0.63
m/s, that is, the flow rate is 15 m®/h. The density of NGH is
910 kg/m3, and the density of sand is 2600 kg/m3.

The particle simulation is based on the Euler method,
assuming that it is a continuous phase, and the particle size is
set. The distribution plot of the NGH sediment particle
diameter measured by a BT-9300LD dry wet laser particle size
analyzer in South China is shown in Figure 3. The particle
median diameter of sediment is about 30 ym and mainly less
than 100 pm. Therefore, in this paper, the particle diameter
was used as 30 pm.

In this paper, Fluent 18.0 software, a 3-D model, steady
state, and double precision implicit solver were used. The
SIMPLE (semi-implicit pressure linked equations) algorithm
scheme combined with continuity and momentum equations
to derive an equation for pressure was carried out.
Interpolation of field variables from cell centers to faces of
the control volumes was opted with a higher-order quadratic
upwind interpolation (QUICK) spatial discretization scheme
as it was reported to be useful for swirling flows. The inlet,
outlets, and no-slip boundary conditions were set as velocity,
pressure, and wall boundary, respectively.

2.4. Calculation Method of Separation Efficiency and
Pressure Drop. The separation efficiency is an important
index of the separation performance of spiral separator. The

https://doi.org/10.1021/acsomega.2c06582
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Figure 4. Experimental equipment for NGH separation (1. Mixing tank. 2. Mixing device. 3. Flowmeter. 4. Stop valve. S. Pressure sensor. 6.
Sampling place at overflow port. 7. At the inlet sampling point. 8. Sampling place at underflow port. 9. Variable frequency controller. 10. Pump. 11.

NGH separator).

sand discharge amount and NGH recovery amount are
considered at the outlet section in this device. Separation
efficiency is generally defined as the ratio of outlet phase mass
to inlet phase mass.

E, = Moy X 100%
1= 0
il

MoZ

E, = —2 x 100%

i2 (%)
where E; is NGH recovery efficiency %, M, is the NGH mass
flow rate at vortex finder (NGH recovery) outlet kg/s, M;; is
the NGH mass flow rate at inlet kg/s, E, is desanding efficiency
%, M,, is the sand mass flow rate at spigot (desanding) outlet
kg/s, and Mj, is the sand mass flow rate at the inlet, kg/s.

As we know, the low pressure drop of the separator
represents its low energy consumption. Thus, the pressure
drop is also one of the most important indexes to evaluate the
performance of the separator.

The pressure drop is shown in equation

5429

Ap =p, - p

Apz =P P (6)
where Ap, is NGH pressure drop Pa, p,, is inlet pressure Pa, p,
is pressure at vortex finder (NGH recovery) outlet Pa, Ap, is
sand pressure drop Pa, and p, is pressure at spigot(desanding)
outlet Pa.

2.5. Experimental Materials and Setup. The separation
experiment is shown in Figure 4. The amount of sand added to
the mixing tank was calculated according to the proportion of
the solid volume concentration. The particle size was prepared
according to the particle size distribution obtained from the
South China Sea trial mining. The sand particles with the
required particle size are selected with a standard screen, and
then the BT-9300LD dry and wet laser particle size analyzer
shown in Figure 3 is used to measure the sand particle size.

Experiment Steps

According to different proportions, the required materials
are added to the mixing tank, and the mixing mechanism is
started to mix the materials until it is observed that the
materials are mixed evenly. The pump is used to pump the

https://doi.org/10.1021/acsomega.2c06582
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mixed slurry to the inlet of the hydrocyclone. After the mixed
slurry enters the separator, the high-concentration mortar is
discharged from the spigot outlet and finally enters the mixing
tank. The frequency of the frequency converter is adjusted to
make the flow reach a specific value within the range. Then the
flow meter and pressure sensor at the inlet and overflow port of
the separator are observed, and samples are taken at the
sampling port after the flow rate and pressure are stabilized.
Finally, the above steps are repeated. In this paper, only the
water-phase experiment is carried out. By calculating the flow
value and pressure value obtained, the split ratio and pressure
drop are obtained respectively.

3. RESULTS AND DISCUSSION

3.1. Meshing Independence Test and Model Vali-
dation. The grid independence verification is shown in Table

Table 3. Relationship between Computational Cells and
Maximum Velocity, Maximum Static Pressure

no number of grids max velocity (m/s) max pressure (Pa)
1 50,451 13.14 210986.3
2 100,278 12.07 233682.4
3 150,370 13.97 255192.8
4 200,468 13.87 252825.9
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Figure S. Relationship between pressure, velocity, and mesh number.

3 and Figure S, with the increase of the number of meshes, the
maximum velocity decreases first and then increases, and then
remains basically unchanged, while the maximum pressure
increases first and then remains stable. The maximum velocity
and maximum pressure remain basically unchanged after the
number of grids exceeds 150,000. Therefore, about 150,000
grids are selected as the final grid scheme. The water was used
as the research medium. The numerical results of the split ratio
and pressure drop are compared with the experimental results.
The comparison results are shown in Figure 6. With the
increase of inlet velocity, the split ratio is basically unchanged,
and the pressure drop increases. It can be seen that the split
ratio and pressure drop predicted by the numerical simulation
are basically consistent with the experimental data, which
verifies the simulation results of this paper.

3.2. Effect of Spiral Inlet Geometric Parameters on
Separation Performance. The spiral inlet is mainly
composed of a cylinder, a steady flow cone, and a spiral
deflector. The important main structural parameters are the
cone angle of the steady flow cone, the pitch of the spiral
deflector, the number of turns of the spiral deflector, the
number of spiral heads, and the internal and external diameter
of the cylinder. The inner and outer diameters of the cylinder
are closely related to the overflow pipe and the main diameter
of the separator. Thus, these structural parameters are ignored
when the influence of the spiral inlet on the separation
performance is studied. Therefore, in this paper, several
structural parameters, such as the cone angle of the steady flow
cone, the pitch of the spiral deflector, the number of turns of
the spiral deflector, and the number of spiral heads, are
selected to study the effect of the spiral inlet on the separation
performance.

3.2.1. Effect of Inlet Steady Flow Cone. The cone angle of
the inlet steady flow cone determines the smoothness of the
steady flow cone and thus determines its steady flow effect.
Therefore, the effect of the inlet steady flow cone angle on
separation performance was studied in this study. The cone
angles of 5°, 10° 15° and 20° and the structure without a
steady flow cone are selected, as shown in Figure 7a. The effect
of the inlet steady flow cone on the performance was studied
from tangential velocity, turbulence intensity, pressure drop,
and separation efliciency.

100 0.40
90 L Simulati —a=— NGH outlet-Simulation Py
imulation 035F e NGH outlet-Experiment
80 |- = Experiment +— Sand outlet-Simulation
030 F 4 Sand outlet-Experiment
70 e
—_ =025
I 60 g
g ]
S 50 S 020 |
o 2
= 40+ 2>
% (3 B BEme Sume mun mm mm m  mm amm mm my § 0.15 |
30 =~
010}
20
w0l 0.05 |-
0 1 1 1 1 1 1 0.00 1 1 1 1 1 1
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Inlet velocity (m/s)

Figure 6. Comparison between the measured and simulated split ratio and pressure drop.
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pressure drop.

Figure 7d,e shows the comparison of the separation
efficiency and pressure drop with different inlet steady flow
cone angles. It can be seen that although the separation
efficiency is somewhat different, the overall change is not big.
The NGH recovery efliciency is distributed in the range of
82~84%. The desanding efliciency is distributed in the range
of 84.5~87%. The separation efficiency decreases with the
increase of the cone angle. With the increase of the cone angle,
the pressure drop increases, and the pressure drop basically
changes within the range of 0.17~0.19 MPa. The pressure
drop without the steady flow cone structure is greater than that
with the steady flow cone structure. The pressure drop at the
vortex finder is slightly smaller than that at the spigot. The
main reason is that as shown in Figure 7b,c, as the cone angle
increases, the tangential velocity decreases. The larger the
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amplitude of the velocity change is, the greater the turbulence
intensity is in the separator. The turbulence intensity with the
steady flow cone is significantly lower than that without the
steady flow cone. The increase of tangential velocity is helpful
to increase the centrifugal force required for particle
separation, but the increase of turbulence intensity increases
the probability of particle displacement. The change of the
inlet steady flow cone structure has a great influence on the
inlet flow field, especially turbulence intensity. Therefore,
proper consideration should be given to the design of NGH
hydrocyclone, and the optimal cone angle of steady flow is 5°
in this research scope.

3.2.2. Effect of Spiral Deflector Pitch. Five different
structures with inlet spiral pitch structural parameters of 14,
24, 34, 44, and 54 mm were respectively modeled and
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compared with the simulation results. The five different spiral
pitch structures are shown in Figure 8a. It presents that the
change of the spiral pitch changes the length of the spiral inlet
section and the area of the inlet flow section.

The comparison of the distribution cloud diagram of the
tangential velocity in the NGH hydrocyclone with the change
of the screw pitch is shown in Figure 8b. It presents that the
tangential velocity decreases with the increase of the screw
pitch. The main reason is that when the inlet velocity and
other structural parameters are determined, the smaller the
pitch is, the larger the tangential velocity component is. It
indicates that the smaller the screw pitch is, the larger the
centrifugal force can be generated, but the smaller the flow area
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is. Reducing the screw pitch within a certain range is conducive
to the separation of particles.

The distribution clouds of NGH and sand phase with
different spiral pitch are shown in Figure 8c,d. It can be seen
that when the spiral pitch decreases, the more the NGH is
concentrated in the center of the hydrocyclone, the more the
sand phase concentrates on the wall. From the volume fraction
distribution of the outlet, the smaller the pitch is, the higher
the NGH volume fraction at the vortex finder and the higher
the sand volume fraction at the spigot. The main reason can be
obtained from the analysis of the influence of spiral pitch on
tangential velocity in the previous of this paper. Specifically,
the smaller the spiral pitch is, the greater the tangential velocity
is, and the greater the centrifugal force is generated. Therefore,
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the smaller the spiral pitch, the greater the centrifugal force
received by the discrete phase.

The separation efficiency and pressure drop curves of
hydrocyclone with different spiral pitches are presented in
Figure 8e,(f. It shows that the change of spiral pitch has a
significant impact on the separation efficiency. With the
increase of spiral pitch, the NGH recovery efliciency and
desanding efficiency are significantly reduced, and the
maximum value of efficiency is above 90%, which is consistent
with the prediction of tangential velocity and phase
distribution. It is presented that the inlet spiral pitch is one
of the key structural parameters that determine the separation
efficiency of the NGH hydrocyclone. With the increase of the
spiral pitch, the pressure drop decreases, which is about 0.5
MPa. The main reason is that the increase of the spiral pitch
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reduces the speed at the spiral inlet when the flow is
determined, resulting in the reduction of local pressure loss.

The inlet spiral pitch has obvious effects on the velocity,
discrete phase distribution, pressure drop, and separation
efficiency. Within the research range, the separation efficiency
changes by about 30%, and the pressure drop changes by about
0.5 MPa. This structural parameter should be considered
emphatically, and the optimal value of spiral pitch is 15 mm in
this research scope.

3.2.3. Effect of the Turns Number of the Spiral Deflector.
A comparative study was conducted on five different NGH
hydrocyclone structures with 1, 2, 3, 4, and S spiral turns,
respectively. The NGH hydrocyclones with five different spiral
turns are shown in Figure 9a. It can be seen that the more the
number of turns is, the longer the inlet spiral section is.
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The cloud diagram of tangential velocity distribution with
different numbers of turns is presented in Figure 9b. It shows
that the distribution laws of tangential velocities are not
changed with the increase of the spiral turns number, and it
still increases first and then decreases from the wall to the
center. The increase of the number of spiral turns increases the
preseparation section of the spiral inlet and prolongs the
tangential velocity range, but the value of the tangential
velocity does not change much.

The volume fraction distribution cloud diagram of sand and
NGH in the NGH hydrocyclone with different spiral turns is
shown in Figure 9c,d. With the increase of the spiral turns
number, the sand volume fraction near the wall and spigot
increases, and the NGH volume fraction near the center and
vortex finder increases. The main reason is that the increase of
spiral turns prolongs the pre-separation section. At the same
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time, the residence time of the particles in the separator is
prolonged. Increasing the number of spiral turns is helpful to
the NGH recovery and desanding.

The separation efficiency and pressure drop curves with
different numbers of spiral turns are shown in Figure 9e/f. It
presents that the NGH recovery efficiency and desanding
efficiency first increase and then tend to be stable with the
increase of the spiral turns number. The NGH recovery
efficiency and desanding efficiency tend to be relatively stable
when the number of spiral turns is greater than 2. All
separation efficiencies are above 80%. When the number of the
spiral turns increases from 1 to 2, the NGH recovery efficiency
increases by 2%, and the desanding efliciency increases by 3%,
indicating that the number of spiral turns has a great impact on
the separation efficiency. With the increase of the number of
turns, the pressure drop increases. The pressure drop at the
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spigot is close to that at the vortex finder. Within the research
range, the pressure drop variation amplitude is about 0.06
MPa. The main reason is that the increase of the number of
turns increases the energy loss of the resistance along the way.
In order to ensure low energy consumption, the number of
spiral turns should not be too many. It is suggested that the
number of spiral turns can be appropriately increased to
improve the separation performance.

The number of spiral turns has a great influence on the
velocity, discrete phase distribution, pressure drop, and
separation efliciency of the NGH hydrocyclone. Within the
research range, the maximum change of separation efficiency is
within 10%, and the change of pressure drop is about 0.06
MPa. The optimal number of spiral turns is § in this research
scope.

3.2.4. Effect of the Spiral Heads Number of Spiral
Deflector. Four different structures with the number of spiral
heads of 1, 2, 3, and 4 were studied respectively. The structures
are shown in Figure 10a. It can be seen that with the increase
of the number of spiral heads, structural parameters will divide
the cross-section of the screw inlet into more screw channels,
resulting that the cross-sectional area of a single screw channel
is reduced. In this way, when the inlet flow is constant, the
velocity in the single screw channel will increase.

The distribution cloud diagram of tangential velocity in the
NGH hydrocyclone with different numbers of screw heads is
shown in Figure 10b. It obtained that with the increase of the
number of spiral heads, the distribution law of tangential
velocity remains unchanged and its value keeps increasing. The
above results indicate that increasing the number of screw
heads at the inlet can increase the centrifugal force on discrete
phase particles, which is conducive to the NGH recovery and
desanding.

As shown in Figure 10c¢,d, with the increase of the number of
spiral heads, the sand volume fraction near the wall and spigot
increases, and the volume fraction of the NGH near the center
and vortex finder increases, indicating that increasing the
number of spiral heads increases the probability of sand
flowing out from the spigot. The possibility of NGH
approaching the center and being recovered from the vortex
finder increases.

Figure 10e,f presents the separation efficiency and pressure
drop curves with different numbers of spiral heads. It can be
seen that the number of spiral heads has a more obvious
impact on the separation efficiency. With the increase of the
number of spiral heads, the NGH recovery efficiency and
desanding efficiency increase. The main reason is that the
increase of the number of spiral heads leads to a decrease in
the cross-section of the spiral channel and increases the
velocity in the spiral channel. With the increase of the number
of spiral heads, the pressure drop increases. Within the
research range, the pressure drop variation amplitude is about
0.1 MPa. Therefore, the appropriate number of spiral heads
can be selected to improve the separation performance of the
NGH hydrocyclone. The optimal number of spiral heads is 4
in this research scope.

4. CONCLUSIONS

The spiral inlet geometric parameters have a great impact on
the performance of NGH hydrocyclone; the largest impact is
the inlet pitch, followed by the number of inlet spiral heads, the
number of inlet spiral turns, and the inlet steady flow cone.
With the optimal combination of inlet structural parameters,
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the separation efficiency is above 90%, and the lowest pressure
drop is within 0.05 MPa.

With the increase of the inlet steady flow cone angle, the
separation efficiency decreases, the pressure drop and
turbulence intensity increase, and the tangential velocity
changes little. With the increase of the pitch, the separation
efficiency, pressure drop, and tangential velocity decrease, the
NGH volume fraction at the vortex finder and the sand
fraction at the spigot decrease. The separation efficiency and
pressure drop increase, and the tangential velocity value
changes little, the NGH volume fraction at the vortex finder
and the sand fraction at the spigot increase, when the number
of turns increases. With the increase of the number of spiral
heads, the separation efficiency, pressure drop, tangential
velocity increase, and the NGH volume fraction at the vortex
finder, and the sand fraction at the spigot increase.

Therefore, when designing the spiral inlet structure and
determining the parameters of the NGH in situ separator, it is
recommended to focus on the spiral pitch, the number of
heads, the number of turns, and the steady flow cone. If
conditions permit, the pitch is reduced, the number of heads is
increased, the cone angle of the steady flow cone is reduced,
and the number of turns is increased.
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