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Abstract: Separation of organic matter and grit in sludge is essential for effective sludge recycling.
However, the high viscosity and fine particles of sludge cause organic matter to adhere to grit surfaces,
making separation challenging. To address this issue, we propose a novel prismatic hydrocyclone that
generates intense turbulent flows, under strong turbulence, the prism boundary layer's "elutriation"
enhances particle separation, increasing particle looseness and improving grit removal efficiency in
sludge. This study compares the separation performance of the prismatic hydrocyclone with that of a
conventional hydrocyclone using numerical simulations. We also investigate how the number of prism
edges affects flow field characteristics and separation performance. The results show that, unlike
conventional hydrocyclone, prismatic hydrocyclones generally maintain lower static pressure, pressure
drop, and the diameter of the air core, indicating lower energy consumption and higher processing
capacity. When the number of edges is 6, the pressure drop is the most reduced compared to the
conventional hydrocyclone, which is 22.17%. Under similar feed velocity, the centrifugal intensity in
prismatic hydrocyclones is reduced compared to conventional hydrocyclone, lower centrifugal forces
mitigate the risk of fine particles moving toward the wall under high-speed conditions. Meanwhile,
turbulence intensity beneath the vortex finder decreases, which signifies the flow field is more stable,
and grit removal efficiency in sludge is improved.
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1. Introduction

Municipal sludge contains significant organic matter and grit, which have substantial utilization value.
Efficient separation of organic matter and grit from sludge is a prerequisite for sludge utilization.
Hydrocyclones, with their simple structure, small footprint, and high separation efficiency, play an
irreplaceable role in particle separation (Almilly and Chasib, 2023; Wang et al., 2024; Bai et al., 2021; Ji
etal., 2023). However, due to the high viscosity of sludge, organic matter tends to adhere to grit surfaces,
making separation challenging (Cao et al., 2021). Therefore, developing hydrocyclone-based fine
particle separation technology is crucial to overcoming bottlenecks in fine particle separation and
promoting sludge resource recycling and harmonious environmental development.

Sholl et al. demonstrated that physical separation is a resource separation method with low energy
consumption, low emissions, and low pollution. Cyclonic separation, a typical physical separation
method, effectively separates insoluble particles based on centrifugal sedimentation (Sholl et al., 2016).
Due to its excellent performance, it is widely used in liquid-solid separation, classification, and
purification in metallurgy, coal, petroleum, chemical, energy, and environmental protection industries,
and is considered one of the "cleanest" separation methods (Silva et al., 2020; Khatri et al., 2020;
Thiemsakul et al., 2024; Izquierdo et al., 2024). Successful particle separation in a hydrocyclone requires
not only a necessary particle size or density difference between the solid and liquid phases but also a
stable flow field inside the hydrocyclone. Severe turbulent fluctuations and disturbances can disrupt
the flow field stability. When turbulent kinetic energy exceeds centrifugal separation energy, particles
of different sizes mix, making separation difficult and significantly reducing the separation efficiency
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of fine particles. Thus, high turbulence intensity or turbulent kinetic energy is a technical bottleneck for
efficient fine particle separation, as it hinders the smooth progress of cyclonic separation.

To regulate the influence of the flow field on particle separation, many scholars have conducted in-
depth research on fine particle classification, examining structural parameters, operational parameters,
turbulent flow, and particle phase interactions. Some have strengthened centrifugal intensity by
increasing the feed pressure of the hydrocyclone (Izquierdo et al., 2023; Jiang et al., 2021), while others
have offset particle migration resistance by raising the feed temperature (Hamza et al., 2019;
Salmanizade et al., 2021). Structural modifications, such as introducing a symmetrical structure in the
inlet (Liang et al., 2024; Zhao et al., 2021; Li et al., 2021) or changing the inlet structure (Noroozi and
Hashemabadi, 2011; Razmi et al., 2019; Ye et al., 2019), have been employed to reduce flow field
disturbances caused by abrupt changes in particle Reynolds number. Mini-hydrocyclones (Liu et al.,
2023; Vega-Garcia et al., 2020; Abdollahzadeh et al., 2022) have been used to enhance the centrifugal
separation process, and alter the length of the vortex finder (Hsu and Wu, 2010; Li et al., 2021; Zhang et
al., 2021) or the column structure (Ni et al., 2019; Hou et al., 2023) has been shown to improve separation
accuracy. Additionally, electric and magnetic fields (Lavrinenko and Sysa, 2023; Zhou et al., 2023; Peng
et al., 2024; Gong et al., 2023) have been introduced to regulate turbulent flow inside the hydrocyclone.
These methods can suppress turbulent fluctuations and improve the overall classification efficiency of
the hydrocyclone.

However, studies have also found significant Reynolds shear stress and turbulent kinetic energy
near the hydrocyclone wall. High turbulent kinetic energy can enhance the "elutriation" of particles
within the wall boundary layer, causing some misplaced fine particles to return to the main separation
zone for re-separation, which benefits particle movement and separation accuracy. Thus, turbulence has
a dual effect on fine particle separation: it can cause disordered arrangement and random movement of
particles, but it can also elutriate fine particles from the wall boundary layer, reducing particle
misplacement and mixing.

In summary, although many improved fine particle separation measures have been proposed to
address classification challenges by regulating the flow field, the research on the effects of turbulence
on particle motion and separation is still insufficient to comprehensively reveal the fine particle
separation mechanism inside the hydrocyclone. Herein, we propose a prismatic hydrocyclone to
enhance particle looseness in the outer swirling flow. When the outer swirling flow passes through the
corners, its motion state changes, forming local turbulence. The prism increases turbulence intensity
near the hydrocyclone wall, allowing highly viscous, fine sludge particles that mistakenly enter the
boundary wall to be elutriated and returned to the separation zone, thereby improving grit removal
efficiency in sludge. In this study, we compared and analyzed the flow field characteristics and
separation performances of the proposed prismatic hydrocyclone and the conventional hydrocyclone
using numerical simulations, and investigated the effects of the number of prism edges on flow field
characteristics and separation performance.

2. Research method
2.1. Mechanism of proposed prismatic hydrocyclone for enhancing particle separation

Fig. 1 and Fig. 2 show the particle motion and particle stress inside the hydrocyclone. In the radial

direction, solid particles are subject to the centripetal buoyancy Fie,py,, centrifugal force F,, ¢, and fluid

drag force Fy4. Spherical solid particles are subject to the combined force of F,,, s and Feeppy, as follows:
md3
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where d is the size of spherical solid particles, p; is the particle density, p is the density of liquid phases,
and u, is the tangential velocity of the particles.

In the radial direction, particles are subject to the drag force of fluid Fy, as follows:

— fpﬂ.’:zuz (2)
where ¢ refers to the resistance coefficient, A refers to the projected area of the spherical solid particles
(A = md?/4), and u refers to the relative velocity between the particles and the fluids in the radial

direction.
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According to Eq. (1) and Eq. (2), the resultant force of solid particles in the radial direction is:

d3 d2 2
F =T (ps — phug =5 ©

When the relative velocity between the fluid and the solid particles reaches the centrifugal settling
velocity u,,, the forces Fens, Feenr, and Fpy reach equilibrium (F.=0), and then:

4d(ps=p)Ui®
Upr = /;Trt 4)

According to Eq. (4), the distribution of solid particles in the radial direction can be determined by:
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According to Eq. (5), the particle size is proportional to its rotational radius, so the particle size gradually
increases from the axis to the wall. When a prismatic column segment is used, solid particles moving
toward the corners experience an increase in rotational radius r, causing more coarse particles to
migrate toward the corners. As these solid particles are spun out of the corners with the fluids, the
rotational radius r decreases, leading to collisions with particles at the corners and generating a counter-

o “‘ Grit

The conventional hydrocyclone The prismatical hydrocyclone

The particles at the corners collide, lead to local
turbulence intensity increased

—"' \3)

g
g ----- -> 2‘9?
N 1

The degree of looseness between
particles is improved

Organic matter adhere
to the surface of grit

Organic matter

Fig. 1. Schematic of particle motion in hydrocyclone
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force. This enhances local turbulence intensity, increases particle looseness, and creates an elutriation
effect on the organic matter adhering to the grit surface, causing it to re-enter the separation zone and
thereby improving the recovery rate of organic matter in the sludge. Additionally, the edges of the
prismatic hydrocyclone disrupt the boundary layer of fluid flow in the column segment, reducing the
boundary layer thickness, lowering resistance in the column segment, and ultimately decreasing energy
consumption.

2.2. Mathematic model

Zhang et al. used the RSM model coupled with the VOF model and the Mixture model to investigate
the effect of the inlet curvature radius on the separation performance of a hydrocyclone. He validated
the model's accuracy by comparing the predicted results with experimental results obtained by other
researchers (Zhang et al., 2017). Dos Anjos et al. compared the effects of turbulence models on the
unsteady numerical simulation of liquid-liquid two-phase flow in a ® 40 mm hydrocyclone and
concluded that the RSM model is the only turbulence model that can correctly reflect the tangential
velocity distribution of the hydrocyclone (Anjos et al., 2021). Therefore, this study uses the RSM model
to calculate turbulence, the VOF model to capture the gas-liquid interface, and the Mixture model to
simulate particle-mixed phases.

The RSM model removes the assumption of isotropic turbulent viscosity and comprehensively
considers the anisotropy of turbulent flow. With the highest accuracy in predicting complex flow fields,
this model is suitable for the numerical simulation of the flow field inside a hydrocyclone. Its transport
equation is shown in Eq. (6):

o(puuyr) | 9(puguiu;yr)
+
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where pruj’ is the mean Reynolds stress, Dr;; is the turbulent diffusion term, D, ;; is the molecular
viscosity diffusion term, P;; is the stress generation term, G;; is the buoyancy generation term, ®;; is the
pressure strain term, ¢;; is the viscous dissipation term, and F;; is the fluid rotation generation term.

The VOF model is generally used for tracking two or more immiscible fluids. By solving the
momentum equations and processing the volume fractions of different fluids within the computational
domain, the gas-liquid two-phase flow inside the hydrocyclone can be simulated, thus capturing the air
core. In the VOF model, the sum of the volume fractions of all phases within each unit equals 1, as
shown below:

Z:l aq =1 (7)
where @, is the volume fraction of the qth phase per unit.

The Mixture model is suitable for simulating two-phase or multi-phase mixed fluids. By solving the
continuity equation and the momentum equation of the mixed fluid, the separation performance of the

fluid inside the hydrocyclone can be calculated. The continuity equation of the Mixture model is:

3 S )
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where p,, refers to the density of the mixture, 11 refers to the mass transfer, and v,, refers to the mean

mass velocity of the mixture.
The momentum equation of the Mixture model is:
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where n refers to the total number of phases, u,, refers to the viscosity of the mixed phase, p,, refers to
the kth phase density and ¥, refers to is the relative slip velocity of the kth phase with respect to the
mixed phase.

2.3. Numerical Simulation

SolidWorks 2022 was used for modeling. Fig. 3 illustrates the structure of the hydrocyclone, while Table
1 lists its key structural parameters. ICEM 17.0 was employed for hexahedral meshing of a conventional
hydrocyclon, and prismatic hydrocyclones, as depicted in Fig. 4. The number of grids is 130720, 147152,
136556, and 124292 respectively, and the mesh quality is above 0.5 as shown in Fig. 5, meeting the
requirement of calculation accuracy. The origin of the coordinate system was set at the center of the
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hydrocyclone vortex finder top, with the positive Z-axis directed downward. For numerical simulation,
hydrocyclone sections Z1 = 115 mm, Z2 = 200 mm, and Y = 0 mm were selected as references.

D1

| XL

D2

z,=115mm

- 7,=200mm
Fig. 3. Structure of the hydrocyclone
Table 1. Key structural parameters of the hydrocyclone
Structural parameter Value/mm
Diameter of the vortex finder (D) 22
Diameter of the hydrocyclone (D) 75
Diameter of the apex (Ds) 13
Length of cylindrical section (L1) 100
Length of conical section (L») 175.81
Length of apex (Ls) 25
Inlet (LxD) 25x15
Length of vortex finder 60

Fig. 4. Meshing of hydrocyclone
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Fig. 5. Mesh quality

Numerical simulations were conducted using Fluent 2022R2. Turbulence calculations employed the
RSM model, while the VOF model was utilized to simulate the gas-liquid interface. The primary phase
consisted of water, with air as the secondary phase. The air phase backflow volume fraction was set to
1, indicating the hydrocyclone was initially filled with air, and the initial air volume fraction was also
set to 1.

The Mixture model was employed to simulate the distribution of sludge particles within the
hydrocyclone. Under engineering practice data, the density of inorganic sludge particles was set to 2650
kg/m?®, with a mass concentration of 70%. The particle size and volume fraction distributions are
detailed in Table 2. Organic sludge particles were assigned a density of 910 kg/m?*, with a mass
concentration of 30%. Two particle sizes, 40 1 m, and 100 x m, were used in the simulation, with
corresponding contents of 58.2% and 41.8%, and volume fractions of 0.765% and 0.549%, respectively.

The simulation employed a transient method. Inlet conditions were set as "Velocity-inlet" at 4.5 m/s,
while all outlets were defined as "Pressure-outlet". Pressure-velocity coupling used the "SIMPLE"
method, with pressure spatial discretization set to "PRESTO" and other discretization methods set to
"QUICK". Convergence was determined based on the balance of phase flow rates at the inlet and outlet
conditions.

Table 2. Particle size distribution of grit

Size/pm Particle content/ %  Volume fraction/ %
5 13.56 0.145
15 15.32 0.164
25 16.26 0.174
35 15.13 0.162
45 14.20 0.152
65 13.41 0.143
95 12.12 0.130
Total 100 1.070

2.4. Model validation

To validate the accuracy of the mathematical model, numerical simulation data were compared with
experimental results from Hsieh and Rajamani (Hsieh and Rajamani, 1988). As depicted in Fig. 6 (a),
(b), and (c), the simulation results closely align with the experimental findings. This consistency
indicates that the chosen turbulence model, multi-phase flow model, and calculation methodology are
reliable.

3. Simulation results and analysis
3.1. Pressure distribution

The pressure field within a hydrocyclone reflects its processing capacity and energy consumption,
making exploration of this field highly significant. Fig. 7 compares the static pressure curves of
prismatic hydrocyclones with those of a conventional hydrocyclone in section Z1. Both configurations
exhibit similar axially symmetrical pressure distribution patterns, with pressure peaking at the wall,
decreasing towards the axis center, and reaching negative values at the center. However, the prismatic
hydrocyclones generally maintain lower pressures compared to the conventional hydrocyclone. This
difference arises because fluid flow through the edges of prismatic hydrocyclones alters direction,
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creating multiple micro eddy currents at the corners that promote turbulence near the wall. This
turbulence reduces the likelihood of flow separation in the turbulent boundary layer, thereby lowering
fluid resistance and pressure.

Fig. 8 compares the pressure drops at section Z; between prismatic hydrocyclones and conventional
hydrocyclone. When the prismatic hydrocyclones feature 4, 6, and 8 edges, the pressure drops are
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reduced by 21.45%, 22.17%, and 18.80%, respectively, compared to the conventional hydrocyclone
(n=0). Notably, the six-edged prismatic hydrocyclone exhibits the smallest pressure drop, indicating
lower energy consumption and higher processing capacity compared to other configurations.

Fig. 9 illustrates pressure contours across various sections of prismatic hydrocyclones and a
conventional hydrocyclone. Compared to conventional hydrocyclone, prismatic hydrocyclones exhibit
lower static pressure at sections of similar heights, with pressures decreasing as the number of edges
increases. This reduction in pressure is attributed to the altered flow field dynamics and decreased
boundary layer thickness resulting from the improved column segment structure. Lower pressure levels
also contribute to reduced wear on the hydrocyclone walls. Therefore, transforming the column
segment of a hydrocyclone into a prismatic shape offers potential benefits such as lower energy
consumption and extended service life of the hydrocyclone.
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Fig. 9. Contours of pressures on different sections of prismatic hydrocyclones and the conventional hydrocyclone

3.2. Tangential velocity distribution

Fig. 10 presents the tangential velocity distribution curves at sections Z1 and Z2 for prismatic
hydrocyclones and conventional hydrocyclone. The tangential velocity distribution patterns within
both types of hydrocyclones generally exhibit an "M"-shaped profile with good axial symmetry.
Specifically, velocity increases from the hydrocyclone wall towards the axis, reaching a peak at the
boundary between the forced vortex and the free vortex.

Fluids enter the hydrocyclone tangentially from the wall, transitioning from linear to rotational
motion due to the hydrocyclone's unique geometric structure and high-pressure feed method. This
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setup induces complex turbulent flows, particularly near the wall and at the turning points of the outer
and inner swirling flows. Turbulence disrupts the stability of the flow field and the orderly arrangement
of fine particles by size, leading to random particle motion and decreased efficiency in fine particle
separation.

In this study, conventional cylindrical hydrocyclones were transformed into a prismatic structure.
As depicted in Fig. 10, the maximum tangential velocity observed in prismatic hydrocyclones was lower
than that in conventional hydrocyclones. This suggests that the centrifugal intensity in prismatic
hydrocyclones is reduced compared to cylindrical ones under similar feed pressures. Lower centrifugal
forces mitigate the risk of fine particles moving towards the wall under high-speed conditions, thus
preventing their mixing into the outer swirling flow and reducing the likelihood of organic matter
adhering to the sludge wall.

Furthermore, reduced tangential velocity helps minimize inner wall friction, thereby lowering
hydrocyclone wear. Additionally, smoother variations in tangential velocity within prismatic
hydrocyclones facilitate the formation of a stable separation density layer, potentially improving overall
hydrocyclone separation performance.
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Fig. 10. Tangential velocity distribution curves

3.3. Axial velocity distribution

Fig. 11 displays the axial velocity distribution curves at sections Z1 = 115 mm and Z2 = 200 mm for
prismatic hydrocyclones and conventional hydrocyclone. Both types of hydrocyclones exhibit axially
symmetric distribution of axial velocities. Axial velocity directly influences the residence time of
material within the hydrocyclone. At sections Z1 and Z2, the axial velocity at the wall of prismatic
hydrocyclones is slightly lower than that of the conventional hydrocyclone. This difference extends the
residence time of the outer swirling flow inside the hydrocyclone, facilitating more thorough particle
separation. Near the central axis of the hydrocyclone, the axial velocity of prismatic hydrocyclones is
lower compared to conventional hydrocyclones, indicating that transforming the column segment of
the hydrocyclone into a prismatic shape stabilizes the flow field and enhances separation performance.

The locus of zero vertical velocity (LZVV) is formed by connecting points of zero axial velocity in
each section of the hydrocyclone, as depicted in Fig. 12. Within LZVV, fluid flows upward to form the
inner swirling flow, which exits through the vortex finder. Outside LZVV, fluid flows downward to
form the outer swirling flow, which exits through the apex.

Fig. 12 illustrates the distribution map of LZVV, showing persistent turbulent fluctuations inside
the hydrocyclone that increase with the number of edges. Optimizing a conventional cylindrical
hydrocyclone to a prismatic structure allows for the use of wall turbulence elutriation techniques,
enhancing turbulent diffusion at the hydrocyclone boundary layer and loosening particles. This process
facilitates the removal of fine particles mixed with coarse ones, thereby improving the separation
accuracy of the hydrocyclone.
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Fig. 12. LZVV

3.4. Air core

The formation of an air core is a crucial indicator of stable flow within a hydrocyclone, significantly
influencing static pressure distribution, velocity patterns, and turbulence intensity in the flow field. Fig.
13 illustrates the formation and evolution of the air core in prismatic hydrocyclones and conventional
hydrocyclone. In the Fig., the red color represents the air phase, while the blue color represents the
water phase. Initially, the hydrocyclone was filled with air. Over time, the proportion of the air phase
gradually decreased while the water phase increased, leading to the formation of an unstable,
fluctuating air core. As the separation process continued, a stable air core eventually developed.

Both prismatic hydrocyclones and conventional hydrocyclone reached a stable flow state around 0.5
seconds, as shown in Fig. 13. Subsequently, the diameter of the air core in prismatic hydrocyclones
gradually reduced, and in the case of the octagonal prismatic hydrocyclone, the air core eventually
disappeared. This observation indicates that prismatic hydrocyclones have a smaller air core area,
allowing a larger internal flow field area to participate in separation. Consequently, under identical
operational conditions, prismatic hydrocyclones can effectively enhance the processing capacity of the
hydrocyclone.
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Fig.13. Air core formation process
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3.5. Turbulent intensity

Turbulent kinetic energy significantly influences both the separation efficiency and energy consumption
of hydrocyclones. Fig. 14 illustrates the turbulence intensity contours in prismatic hydrocyclones an
conventional hydrocyclone. Compared to the conventional design, prismatic hydrocyclones exhibit
higher turbulence intensity near the wall. This enhancement is attributed to particle collisions occurring
as fluids pass through the corners, which disrupts the ordered distribution of particles within the
hydrocyclone and increases particle looseness. Consequently, organic matter adhering to grit is
elutriated and reintroduced into the separation zone, thereby enhancing sludge recovery rates.

In contrast, the conventional hydrocyclone shows increased turbulent intensity near the vortex
finder and beneath the air core, leading to substantial energy losses and coarse particle overflow. Upon
optimization to a prismatic structure, turbulence intensity in these areas notably decreases. This
reduction signifies that prismatic hydrocyclones effectively mitigate energy losses, stabilize the flow
field beneath the vortex finder, and reduce the likelihood of organic matter from sludge re-entering the
outer swirling flow. As a result, prismatic hydrocyclones contribute to improved sludge separation
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Fig. 14. Contours of turbulent intensity at the Y = 0 mm plane

3.6. Separation of organic matter and grit in sludge

Fig. 15 depicts the trajectory of particles in a prismatic hydrocyclone under turbulent conditions. As
observed, as particles radially settle in the hydrocyclone, the centrifugal force gradually diminishes.
Particle interactions primarily involve mechanical collisions during radial settling, influencing particle
trajectories and distribution within the hydrocyclone. These collisions delay particle settling,
significantly restricting the efficiency and effectiveness of fine particle separation.

Mechanical collisions between particles exert forces on the particle flow. When large particles collide
with small particles, the momentum transfer from large to small particles reduces the velocity disparity
between them but disrupts the ordered radial distribution of particles by size. Such collisions occurring
on the locus of zero vertical velocity (LZVV) can greatly reduce separation accuracy.

When large particles settling outward collide with fine particles moving inward, the large particles
experience minimal impact while the fine particles, due to their greater fluid followability, quickly
resume their motion. However, if fine particles adhere to large particles during collisions, the material
intended for overflow may erroneously enter the boundary layer, diminishing separation accuracy. In
such cases, the turbulent elutriation effect within the boundary layer generated by prisms can help fine
particles misplaced near the wall return to the main separation zone, thereby improving separation
accuracy.

Fig. 16 (a) presents the concentration contours of 40 1 m organic particles in prismatic hydrocyclones
and a conventional hydrocyclone. Compared to the conventional design, prismatic hydrocyclones show
significantly reduced organic particle concentration in the conical section, concentrating organic matter
in the column segment. This configuration allows more organic matter from the sludge to enter the
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inner swirling flow and discharge through the overflow, thereby enhancing organic matter recovery in
the sludge.

Fig. 16 (b) displays the distribution of 100- 1 m organic particles in prismatic hydrocyclones and
conventional hydrocyclone. Here too, prismatic hydrocyclones effectively reduce the content of large-
sized organic particles at the bottom. Overall, the comparison shows that prismatic hydrocyclones with
six prism edges exhibit optimal separation performance for both sizes of organic matter particles.

Flow field inside the hydrocyclone The particles at the corners collide,
lead to local turbulence intensity
increased

inner
-7 swirling flow

outer
swirling flow

The Organic matter adhere to the
surface of grit were "elutriation"
and re-entered the separation zone

Fig. 15. The trajectory of particles in the prismatic hydrocyclone under turbulence
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Fig. 16. Contours of organic particles at the Y = 0 mm plane
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4. Conclusions

After comparing and analyzing the flow field characteristics and separation performances of prismatic

hydrocyclones with conventional hydrocyclones, the following conclusions can be drawn:

(1) Prismatic hydrocyclones exhibit reduced static pressure and pressure drop compared to
conventional hydrocyclones, with the most significant reduction observed in pressure drop.
Additionally, the diameter of the air core in prismatic hydrocyclones decreases while the
separation space increases. This indicates that prismatic hydrocyclones operate with lower energy
consumption and higher processing capacity under equivalent feed conditions.

(2) Tangential and axial velocities in prismatic hydrocyclones are lower than those in conventional
hydrocyclones. The reduced tangential velocity prevents organic matter in sludge from migrating
toward the wall and mixing into the outer swirling flow under high-speed centrifugal force. Lower
axial velocity near the wall extends the residence time of outer swirling flow inside the
hydrocyclone, facilitating more thorough particle separation and enhancing separation accuracy.

(3) The presence of edges in prismatic hydrocyclones increases local turbulent kinetic energy near the
wall, enhancing particle looseness. This promotes elutriation of organic matter adhering to grit,
allowing it to re-enter the separation zone and thereby improving grit removal efficiency in sludge.

(4) Prismatic hydrocyclones exhibit significantly lower organic matter content in the conical section
compared to conventional hydrocyclones, concentrating organic matter in the hydrocyclone
column segment. This concentration improves the recovery rate of organic matter in sludge, with
the six-prism hydrocyclone demonstrating the best separation performance among tested
configurations.
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