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Abstract: Due to the inadequate pre-dispersion and high dust concentration in the grading zone
of the turbo air classifier, a new rotor-type dynamic classifier with air and material entering from
the bottom was designed. The effect of the rotor cage structure and diversion cone size on the flow
field and classification performance of the laboratory-scale classifier was comparatively analyzed by
numerical simulation using ANSYS-Fluent. The grinding process performance with an industrial
classifier was also tested on-site. The results revealed that an inverted cone-type rotor cage is more
suitable for the under-feed classifier. When the rotor cage’s top-surface diameter to bottom-surface
diameter ratio was too large or too small, the radial velocity and tangential velocity at the outer
surface of the rotor cage greatly fluctuated. Furthermore, the diameter of the diversion cone also
affected the axial velocity and radial velocity of the flow field. Models T-C(1.gg) and T-D(y.g7) were
determined as the best rotor cage structures. Under stable operating conditions, the classification
efficiency of the industrial classifier was 87% and the sharpness of separation was 0.58, which meet
the industrial requirements for classification efficiency and energy consumption. This present study
provides theoretical guidance and engineering application value for air classifiers.

Keywords: dynamic air classifier; rotor cage structure; numerical simulation; classification perfor-
mance; industrial applications

1. Introduction

Powder classification technology is one of the essential parts of the powder prepara-
tion process. Powder is widely used in the fields of building materials, metallurgy, chemical
industry, and medicine, due to its large specific surface area, low melting point, and good
activity, significantly promoting the development of powder classification technology [1,2].
The turbo air classifier has become the mainstream powder classification equipment with
simple structure, controllable product granularity, and other advantages. With the de-
velopment of materials science, powder classification technology has exhibited a trend
of ultrafine and narrow-grading [3]. Therefore, the development of more efficient and
energy-conserving classifying equipment has become one of the hot spots.

After the industrial application of turbo air classifiers (O-Sepa classifier), especially
with the advent of large-sized classifiers, many problems arose because of the limitations
of the structure itself. This affected the classification efficiency and increased the system
energy consumption [4,5]. Three examples follow. (1) Uneven material dispersion—since
the limitations of the structure, the number of feed inlets cannot be increased without limit
as the increase of equipment processing capacity, this resulted in uneven materials on the
spreading disk. Hence, a thicker material curtain would appear at the feed inlet, affecting
material dispersion and reducing the classification efficiency. (2) High concentration of
particles in the classification area—after grinding, the particles will all enter the grading
area, which would cause high dust concentration in the powder selection area, increasing
the chance of collision between particles and reducing the sharpness of separation. (3)
Unequal inlet air volumes and uneven internal air pressure—turbo air classifiers use two
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air inlets of unequal size, with different air volumes resulting in uneven air pressure inside
the equipment and increased energy consumption. Furthermore, the volute structure of
the turbo air classifier will lead to the local accumulation of materials. In recent years,
researchers have mainly improved the classification theory [6-9], studied its internal flow
field [10-12], improved the structure of the classifier [13,14], and optimized the operating
parameter [15-17], in order to improve the flow field distribution characteristics inside the
turbo air classifier and enhance the classification performance. However, no study has been
conducted to solve the problems of uneven material dispersion and high dust concentration
in turbo air classifiers. Therefore, this paper designs a new rotor-type dynamic classifier
with air and material entering from the bottom, replacing the turbo air classifier when
used in combination with the V-type static separator. The structure is shown in Figure 1a.
The V-type static separator intercepts the coarse particles (d > 100 um) after ball milling.
Other particles of different sizes enter the dynamic classifier have a time difference, which
effectively reduces the material concentration in the dynamic classifier. Furthermore, the
dynamic classifier adopts wind feeding. The airflow pre-dispersed the particles before
classification, making the material fully diffused in the classification area.
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Figure 1. The new high-efficiency three separation classifier: (a) geometry, (b) parts, and (c) dimensions of the new rotor-type

dynamic classifier; 1—air and fine outlet, 2—rotor cage, 3—diversion cone, 4—coarse powder outlet, 5—transmission shaft,

6—classification chamber, 7—cone, and 8—feeding and air inlet.

Particle classification mainly occurs at the outer surface of the rotor cage, and the
uniform velocity distribution in this area will help keep the cut size constant and improve
the sharpness of separation. The rotor cage is the core component of the new rotor-type
dynamic classifier. The structure of the rotor cage directly affects the interior flow field and
classification performance of the classifier. Hence, a number of researchers have focused on
the rotor cage. Huang [18] found that the splitter-style rotor cage can make the tangential
velocity and radial velocity distribution at the outer surface of the rotor cage of the turbo air
classifier more uniform, which is conducive to reducing the classification particle size and
improving the sharpness of separation. Ren [19] designed a rotor cage with a non-radial
arc blade to replace the straight-blade rotor cage. The material classification experiment
results have proven that the new rotor cage led to a classification accuracy increase of
10.60-40.80% and increased fines yield of 12.50-40.10%. Yu [20] investigated the effect of
rotor cage size on the flow field of the turbo air classifier using CFD (Computational Fluid
Dynamics) techniques, and the results revealed that too large or too small of the rotor cage
outer and inner radius can lead to large fluctuations in the tangential and radial velocities
in the classification zone. For the new rotor-type dynamic classifier with air entering from
the bottom, the uneven velocity distribution on the outer surface of the cylindrical rotor
cage can greatly reduce the sharpness of separation and classification efficiency. However,
the inverted conical rotor cage can be an excellent solution this problem.
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In order to investigate the influence of the rotor cage and diversion cone structure on
the inner flow field of the new rotor-type dynamic classifier, numerical simulations and a
comparative analysis of classifiers with different rotor cage structures and diversion cone
structures were carried out. The results revealed that the inverted conical rotor cage is more
suitable for a classifier with air and material entering from the bottom. The top-surface
diameter to bottom-surface diameter ratio of the rotor cage should be neither too large nor
too small. In addition, the industrial classifier has put into production and its classification
performance tested and discussed.

2. Calculation Methodology
2.1. Equipment Description and Classification Principle

The schematic diagram for the new rotor-type dynamic classifier is shown in Figure 1b.
The materials to be classified are carried by air into the classifier from the bottom air inlet
(8). A part of the coarse particles entering the classifier is deposited by inertia as coarse
powder due to the collision with the guide cone (3). The remaining materials enter the
classification chamber under the airflow. In the classifying zone, the airflow and the
particles that dispersed in the airflow are driven by the rotor cages (2) and rotate together
with the rotor cage at high speed. These particles are subjected to three kinds of forces:
gravity, centrifugal force, and air drag force. When the particle size is large, the mass is
large. The centrifugal force of the coarse particles is greater than the air drag force, so the
coarse particles will escape the carrying effect of the airflow and hit the cylinder wall to
lose momentum. Eventually, these are collected by the coarse powder outlet (4). When the
particle size is small, the mass is small. Since the centrifugal force of the fine particles is
less than the air drag force, they are carried by the airflow through the rotor cage blades
and out through the air outlet (1).

The structural features follow:

(a) The feeding adopts air conveyance to induce the materials to fully disperse in
the classifier.

(b) The centrifugal force field is used as the classification force field for the classifier.
Taking into account the distribution pattern of the gas flow field in the classification
chamber, an inverted conical rotor cage is used. The inverted conical rotor cage provides a
uniform and stable classification force field within the classification chamber. The material
is subjected to the same force near the classifying surface, which ensures that the classifier
has a high classification accuracy.

(c) Compared to the turbo air classifier, the transmission shaft only needs to drive the ro-
tor cage to rotate. Thus, the energy consumption of the new classifier is significantly reduced.

(d) The new rotor-type dynamic classifier is widely used. It can be combined with
the V-type static separator and used in the tubular ball mill system or used alone with the
air-swept grinding system.

2.2. Model Establishment and Mesh Generation

The laboratory-scale classifier geometry model was established using SolidWorks 2019.
The model was divided into six main domains: the feeding part, rotor cage, diversion cone
part, coarse powder collection area, fine powder collection area, and particle classification
area. The geometric parameters of the main structure are shown in Figure 1c. The origin
of the coordinates is the center of the top surface of the rotor cage. The rotor cage is
an important part of the classifier. A total of 30 radial blades (148 x 2 x 20 mm) were
installed evenly across the circumference of the rotor cage. The positive cone rotor cage
is clearly unsuitable for an under-feed classifier. Hence, simple cylindrical and inverted
conical rotor cages were considered for the present study. If the structure of the rotor cage
is changed, the inner edge width of the rotor cage channel is also changed. When the
diameter of the rotor cage chassis is less than 137.5 mm, the width between the blades at
the bottom of the rotor cage is less than 8 mm. In this case, the fine powder cannot flow
out. Furthermore, when the ratio between the top surface and bottom surface of the rotor
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cage is too large, the rotor cage will rotate unstably at high speed. In the present paper, the
prototype-rotor cage-top diameter to bottom diameter ratio was 1:1, and this is defined as
T-A(1-1), and so on. Therefore, in addition to the classifier prototype T-A(j.1), the rotor cage
models of T-B(1.9.9), T-C(1-0.8), T-D(1-0.7), T-E(1-0.6), and T-F(y.¢ 5y were established (Table 1).
In calculating the different rotor cage structures, it was assumed that the diversion-cone
diameter to rotor-cage-chassis diameter ratio was 0.9:1.0, and the height was 114 mm.

Table 1. Dimensional parameters of the rotor cage model.

Diameter of the Diameter of the

Model Code Top Surface Ri/mm  Bottom Surface Ry/mm Proportion Geometry
|
[17: ]
T-A(1-1 275 275.0 1:1 ;_ AL LA :
‘{?.
T-B(1-0.9) 275 247.5 1:09
T-Cp-08) 275 220.0 1:0.8
T-D(1-0.7) 275 192.5 1:.0.7
| |
T-E(1.0.6) 275 165.0 1:0.6 \‘_ QL8 -./,
0.6L
T-F(1.05) 275 137.5 1:0.5

For the coarse powder collection area, a tetrahedral grid was used to create the mesh
in ANSYS-MESH 19.0 (ANSYS, Canonsburg, PA, USA) software. For the feeding part, rotor
cage, diversion cone part, fine powder collection area, and particle classification area, due to
the regular structure, hexahedral grids were used to create the mesh in ICEM CFD software.
Figure 2 shows an overview of the grid. In order to ensure the accuracy of the calculation
results, the grid independence needs to be verified after the grid is divided. Four grid
sizes were examined in the same conditions, including 509,583, 1,204,187, 2,105,369, and
3,012,885. Several points were selected to check the velocity field distribution using these
four grid sizes. For example, some points in the axial direction (x = 0 mm, y = 136 mm,
z = 0~—148 mm) on the surface of the rotor cage were selected. The radial velocity obtained
using the four grid sizes is shown in Figure 3. When the number of mesh is greater than
2,105,369, the radial velocity did not significantly change. This means that the calculation
results are independent of how the grid is divided. A mesh with 2,105,369 elements was
selected to conduct the simulation required in the present study. Table 2 lists the specific
grid numbers.
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Figure 2. CFD grid and boundary conditions of the simulated classifier.
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Figure 3. The radial velocity for four different mesh numbers.

Table 2. Mesh number of the model and near-wall grid height for the new rotor-type dynamic
classifier.

Domain Mesh Number Near-Wall Grid Height/mm
Feeding part 436,185 5.0
Rotor cage 224,640 1.8
Diversion cone part 293,632 39
Coarse powder collection area 379,104 5.0
Fine powder collection area 408,800 5.0
Particle classification area 363,008 3.7

Sum 2,105,369

2.3. Mathematical Model
2.3.1. Turbulence Model Description

Three-dimensional steady simulations were performed using ANSYS-FLUENT 19.0
(ANSYS, USA). When the new rotor-type dynamic classifier worked, the internal space
was at room temperature, with negative pressure and low-velocity flow. Hence, the air was
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considered as incompressible flow. For the steady and incompressible fluid flow, the mass
and momentum equations are expressed as follows:

au,’ .
o 0. 1)
ou  op 9 [ [ow o oufu
pu]axj N axi + ax] V(ax] + ax,- P aX] ' (2)

where u; is the fluid velocity, x; is the position, p is the fluid density, y is the fluid viscosity,
p is the static pressure, and —pTu;. is the Reynolds stress term.

Renormalization Group k-e¢ (RNG k-¢) and Reynolds Stress Model (RSM) can both
be used in dynamic classifier flow field simulation [1,8,21]. But RSM is more accurate
when calculating flow field in an abruptly changing separation zone. Therefore, it is more
suitable for high-speed rotating fluid motion. Sun [22] and Guizani [23] demonstrated that
RSM can more completely predict the turbulent structure and pressure drop inside the
turbo air classifier, and calculated results were closer to the experimental results. Therefore,
in the present paper, the RSM model was used to simulate the turbulent flow in the new
rotor-type dynamic classifier. The Reynolds stress equation can be expressed as:

!

3y (o) = T ] o 6) o 3

A/ 3)

' ' E) :
pﬁ( i 10 + gl 9) +p (ax; + ax’l> ZVaxk 7o — 200 (u]ume,km +u; ume]km)

where u§ is the fluctuating velocity to the direction i (= u; — uy), u; is the velocity to
direction i, u,, is the mean velocity to direction i, f is the time, p is the fluid density, xj
is the positional length, u is the fluid viscosity, g is the gravitational acceleration, p is
the fluid pressure, ¢j,, is alternating symble, J is Kronecker delta, and () is the rotation
tensor; § is the coefficient of thermal expansion, defined as p = —%%, where T is the

temperature. Since in this paper the fluid (air) is considered an incompressible fluid,
—PB (g] 10+ giu] 9) = 0 in Equation (3).

2.3.2. Discrete Phase Model

When the particle volume loading rate is very small (10-12%), the particle motion
trajectory can be tracked using a discrete phase model (DPM). Zeng [16] provided formulae
for the particle volume loading rate (x) and mass loading rate (v). The processing air
volume of laboratory-scale classifier is 1000~1700 m3/h. The capacity of the new rotor-type
dynamic classifier is 800 kg/h. The calculated particle volume loading rate (k) ranges from
1.48 x 10~* to 2.48 x 10~*. Therefore, the particle phase inside the classifier is relatively
sparse, and the DPM is used to model the air-particle flow inside the classifier. In addition,
the effect of particles on the flow field is not considered, and the coupling between the
particle phase and the gas phase is considered to be single-phase. By adding particles to
the flow field simulated in the continuous phase, the Lagrangian trajectory of the particles
can be calculated based on the forces on the particles in the flow field.

The equations for the discrete particles follow:

dul glop—p) =

2P Pr s\Fp )

- FD(u up)+ +F, @)

where t is the time, 1 is the fluid phase Velocit , 1, is the particle velocit , 0 is the fluid
P Yy, Up P Y, P

den51ty, pp is the density of the particle, and g is the gravitational acceleratlon

F x is a source term that indicates the presence of additional forces. F x mainly include
the virtual mass forces required to accelerate the fluid around the particle, the forces due to
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the pressure gradient in the fluid, and the forces on particles that arise by rotation of the
reference frame.
=Y . . .
Fplu—u p) is the drag force per unit particle mass:

18}1 CDRep
D = D2 24 (5)
Pplp
— —
pdp‘ Up— u‘
where Rgp = (6)
H
_ P 43
Co =+ 2, F Re2 @

where y is the molecular viscosity of the fluid, d, is the particle diameter, R,y is the
Reynolds number; Cp is the drag coefficient, where a1, a, and a3 are constants that apply
to smooth spherical particles over several ranges of R, given by Morsi and Alexander [24].

2.3.3. Simulation Conditions

The new rotor-type dynamic classifier has rotating parts inside, and a Multiple Refer-
ence Frame model (MRF) was used to couple the moving rotor cage with the surrounding
stationary area. The “interface” was used for each part of the grid intersection. The classi-
fier has one inlet and two outlets, and the boundary condition for the air inlet is “velocity
inlet”. It is assumed that the air velocity distribution at the air inlet is uniform, and that the
direction is normal to the air inlet boundary. The boundary condition for the fine-particle
outlet was prescribed as fully developed pipe flow, and treated as “outflow”. The outlet
length was lengthened to prevent backflow. In industrial applications, the coarse powder
outlet is usually equipped with a locking air valve, so the boundary condition is “wall”.
The rotor cage rotates clockwise around the Z axis. A no-slip boundary condition was
used on the wall boundary, and the near wall treatment was a standard wall function.
For standard wall function, the wall-adjacent cell centroid should be located within the
log-law layer y+ =~ 30 — 300. Table 2 lists the near-wall grid heights of the grid model. The
Semi-Implicit Method for Pressure Linked Equations Consistent (SIMPLEC) algorithm was
used for pressure-velocity coupling, and Quadratic Upwind Interpolation of Convective
Kinematics (QUICK) differential scheme was chosen for convective and diffusion. In this
paper, air inlet velocity of 13.5 m/s and a rotor cage rotating speed of 470 rpm were used as
the design conditions. For the convenience of the following description, it is referred to as
air inlet velocity-rotor cage rotating speed (13.5 m/s—470 rpm). Calcium carbonate (CaCO3)
with 2700 kg/m?> was selected as the feed material to be classified in the simulation.

2.3.4. Model Validation

Pressure drop, which is crucial for assessing the energy consumption of the equipment,
was adopted as the main parameter for model validation. In order to verify the accuracy of
the numerical simulation calculations, the pressure drop between the simulation results
and the experimental results was compared. The pressure drop is calculated from the
average static pressure difference between the air inlet and air outlet. The measuring
instrument used was a U-type manometer with the specification of 3 kPa, and a U-shaped
glass tube filled with working liquid (water was chosen because the pressure drop of the
equipment is relatively small). One end of the U-shaped tube was connected to the air inlet
of the new rotor-type dynamic classifier, and the other end to the air outlet. For pure gas
flow, pressure drops from the simulations and experiments were compared and shown in
Table 3. The relative errors of both the calculated data and the experimental data are small,
within 5%. The correctness of the simulation results is verified.
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Table 3. Comparison of simulated and experimental pressure drop AP.

Numerical Experimental .
g1 %
Model Vim:s n/rpm Simulation Value/Pa Value/Pa Relative Error/%
A 135 470 276.5 285.5 3.15
a-n 135 600 302.1 315.0 4.09
D 135 470 2253 229.5 1.83
(1-07) 135 600 2555 270.6 5.58

3. Simulation Results and Analysis

3.1. Effect of the Rotor Cage Structure on the Classification Performance of the New Rotor-Type
Dynamic Classifier

3.1.1. Effect of the Rotor Cage Structure on Velocity Distribution at the Outer Surface of the
Rotor Cage

Particle classification mainly occurs in the area near the outer surface of the rotor cage.
The cut size (d5p) in the separation face can be described by

3C Ro?
dsg = P30T > 8
4(pp — pg)v;

where p, is the density of the particle, p, is the gas density, R is the outer semidiameter
of rotor cage, Cp is the drag coefficient, v, is the radial velocity, and v; is the tangential
velocity. Equation (8) shows that dsp can be kept constant at any position within the grading
surface, when the tangential and radial velocities in the classification area are uniformly
distributed. In order to investigate the radial velocity and tangential velocity distribution
on the outer surface of different rotor cage structures, 20 points were uniformly taken from
top to bottom in the axial direction on the outer surface of the rotor cage. Figure 4 shows
velocity distribution on the outer surface of the different rotor cage. Figure 5 shows the
radial velocity contour of the classifier and the gas pathlines in the classifying chamber.

—a—T-Agny —e—T-Baoy
04 ——T-Cg-08y —v— T-Da-on 4
—o— T-Eq06) —&—T-Fo-03

——T-Ag-y  —e—T-Baog
—a— T-C1-08y —v— T-D-on
—o— T-Eq-06) —¢—T-Fa-05)

8
-1

Tangential velocity/m-s
™
!
Radial velocity/m-s
e
1

4 -44
-6
-5 4
-8
o (b)
T T T T T T T T T T T T T T T M —10 1 T T T I T T T
0 20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
Z position/mm Z position/'mm

Figure 4. Velocity distribution on the outer surface of the rotor cage: (a) tangential velocity and (b) radial velocity.
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Figure 5. Comparison of radial velocity contours and gas pathlines in the classifying chamber: (a) T-A(.1y, (b) T-B(1.0.9), (c)
T-C(1-0.8), (d) T-D(1.0.7), () T-E(1.0.6), and (f) T-F(1. 5)-

As shown in Figure 4a, the tangential velocity is mainly controlled by the speed of
the rotor cage. Hence, there is no significant difference in the tangential velocity value. As
the height of the rotor cage increases, the tangential velocity decreases, and subsequently
increases. Vortices of different sizes form in the lower half of the rotor cage, which lead
to the increase in the tangential velocity gradient in the classifying area. Furthermore, a
portion of the airflow is thrown out at the upper area of the rotor cage, which accelerates the
movement of coarse particles away from the separation zone, and facilitates the reduction
in cut size. The top of the cylindrical rotor cage has a low tangential velocity, while the
top of the inverted conical rotor cage has a high tangential velocity. For example, the top
tangential velocity of T-A(y.1) is —1.79 m/s and the top tangential velocity of T-F(;.g5) is
—5.56 m/s. Therefore, the inverted conical rotor cage is more suitable for classification
equipment with air entering from the bottom.

The radial velocity of the flow field was analyzed, and the negative sign indicates the
direction towards the center of the rotor cage. Figure 4b shows that the cylindrical rotor
cage has the largest radial velocity and the largest velocity gradient on its outer surface. For
example, T-Aj_1y has the maximum radial velocity at the top of the rotor cage with a value
of —6.8 m/s, and the minimum radial velocity at the bottom of the rotor cage with a value
of 0.9 m/s, with a velocity gradient of 7.7 m/s. As the diameter of the rotor cage chassis
decreases, the area of the outer surface of the rotor cage becomes larger. The radial velocity
and the velocity gradient on the outer surface of the rotor cage both become smaller, with a
constant air volume. For example, T-D(y. 7y has a maximum radial velocity of —3.59 m/s,
a minimum radial velocity of 0.85 m/s, with a gradient of 4.44 m/s. When the rotor cage
chassis is again reduced, the radial velocity gradient increases. For example, for T-E(;.g),
the maximum radial velocity is —3.2 m/s, and the minimum radial velocity is 3.1 m/s,
with a gradient is 6.3 m/s.

The reasons for the formation are presented in Figure 5. For cylindrical rotor cage, the
incidence angle of the airflow into the rotor cage is too large, and part of the airflow will
hit the transmission shaft. Due to the reflective effect of the transmission shaft, a vortex is
formed underneath the rotor cage. This prevents the airflow from entering the interior of
the rotor cage, resulting in an uneven radial velocity distribution at the outer surface of the
rotor cage. As the diameter of the rotor cage chassis decreases, the incidence angle of the
airflow decreases, and the strength and size of the vortex at the bottom of the rotor cage
gradually decreases. The radial velocity distribution in the graded area at the outer edge of
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the rotor cage is relatively uniform, and the velocity gradient is reduced, for example, as
shown in Figure 5¢,d for T-C(1. g) and T-E(1.g.7). When the rotor cage chassis is too small,
the airflow enters the interior mainly from the bottom of the rotor cage due to the negative
pressure in the center of the rotor cage. The coarse particles that just enter the powder
selection area are dragged inside the rotor cage by the strong airflow dragging force due to
their proximity to the center of the cage, and the cut size increases. In summary, T-C(1.9 )
and T-E(1.o 7) radial velocity gradients are relatively small.

In order to analyze the uniformity of the velocity distribution on the outer surface of
the rotor cage, the following standard deviation was introduced:

1 ) AL
S= ] Y (v —7) )

where S is the standard deviation of the velocity distribution, 7 is the number of points
examined, v; is the velocity of each point in the region, and 7 is the average velocity of the
region. Four blade areas were selected and positioned as shown in Figure 6.

Figure 6. Location of the sampling points.

Table 4 lists the tangential velocity and radial velocity deviations. T-A(.j) has a
relatively large standard deviation of 2.45 and 1.41 for tangential velocity and radial
velocity, respectively. As the diameter of the rotor cage chassis decreased, the standard
deviation of the tangential velocity and radial velocity decreased. Furthermore, when the
chassis diameter decreased to a certain level, the closer the fluid unit is to the center of the
rotor cage, the greater the axial and radial velocity. This resulted in a greater variation in
airflow velocity. For example, when the model was changed from T-D(1.97) to T-E(1.0),
the standard deviation of the radial velocity increased from 1.64 to 1.97, and the standard
deviation of the tangential velocity increased from 1.09 to 1.31. Therefore, an excessively
large or small chassis can lead to uneven velocity distribution. The tangential velocity
distribution for T-B(;.g 9) was relatively uniform. However, the radial velocity in the upper
region of the classification chamber was larger, increasing the probability for coarse particles
entering the interior of rotor cage. Therefore, the standard deviations for the tangential
velocity and radial velocity for model T-C(1.9 ) and T-D(.q 7) are relatively small under the
design conditions. These standard deviation results also validate the previous analysis.
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Table 4. Standard deviation comparison of velocity for different rotor cage models.
Position T-Aqy  TBaog T-Ca.os) TDaon TEaoe T-Aagos
Position 1 2.49 1.95 151 1.63 1.99 2.17
radial Position 2 243 1.94 1.52 1.65 1.89 2.16
VelOCity/m-s_1 Position 3 2.43 1.97 1.48 1.67 1.96 2.18
Position 4 2.46 1.96 1.48 1.60 2.01 2.15
deviation average/m-s_1 2.45 1.96 1.49 1.64 1.97 217
Position 1 1.44 0.97 0.87 1.10 1.35 1.32
tangential Position 2 1.36 0.95 0.87 1.11 1.32 1.30
velocity / m-s~1 Position 3 1.40 0.98 0.88 1.05 1.29 1.28
Position 4 143 1.01 0.86 1.10 1.25 1.33
deviation average/m-s_1 141 0.98 0.87 1.09 1.31 1.30

3.1.2. Effect of the Rotor Cage Structure on Velocity Distribution at the
Classification Chamber

In the classifying chamber, the air drag force at the location of the particles determines
whether these can move to the vicinity of the rotor cage, and go through the blades.
Therefore, eight horizontal lines of different height were selected near the rotor cage to
investigate the variation of the drag force in the radial direction. The main work areas for
the rotor cage classification were determined by observing the radial velocity distribution
of the horizontal lines at different heights. Figure 7 presents the radial velocity distribution
for the X = 0 section. The minus sign indicates the direction towards the center of the
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Figure 7. Radial velocity distribution at different heights in the classifying chamber: (a) T-A(;y), (b) T-B(1.0.9), (¢) T-C(1-0.8),
(d) T-D1.0.7), (e) T-E(1.0.,6), and (f) T-F(1.95).

The axial direction was analyzed from top to bottom. As shown in Figure 7a, the radial
velocity is greatest at a distance of 20 mm from the top of the rotor cage, and this increases
as the distance from the rotor cage lessens. The radial velocity reaches a maximum at
136 mm (the outer edge of the rotor cage), after which the velocity decreases due to the
centrifugal force generated by the impeller rotation. This means that particles of this height
quickly approach the rotor cage. As the height of the rotor cage gradually increases, the
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radial velocity of the flow field becomes smaller. At 100 mm from the top, the radial velocity
is 0 m/s. As the height of the rotor cage continues to increase, the radial velocity becomes
positive, and the airflow begins to move in the opposite direction. This means that there is
less air drag force at the bottom of the classification chamber, and fewer particles reach the
vicinity of the rotor cage. Therefore, the grading area for T-A(;.y) is located in the region at
0-80 mm from the top surface of the rotor cage.

As shown in Figure 7b, there is little difference in the radial velocity near the rotor
cage between 10 and 80 mm, and the velocity increases as the distance to the rotor cage
lessens. Furthermore, as the height of the rotor cage increases, the radial velocity of the
classification chamber increases, and subsequently decreases. At 140 mm from the top of
the rotor cage, the radial velocity of the flow field becomes positive, and the flow reverses.
Therefore, the graded area of T-B(1 9) is located at a distance of 0-120 mm from the top
of the rotating cage. The area where the coarse particles collect is mainly at the upper
part of the classification chamber. However, the radial velocity in the upper part of the
classification chamber is within the range of 34 m/s, which causes coarse particles to be
carried inside the rotor cage by the airflow, increasing the cut size.

As shown in Figure 7c, the radial velocity changes from positive to negative at 20 mm
from the top surface of the rotor cage. In the upper part of the classification chamber, a
small portion of the airflow is thrown out of the cage, creating a vortex between the cage
and the wall for the secondary sorting of particles. At a distance of 140 mm from the top
of the rotor cage, the radial velocity is 0 m/s. Therefore, the grading area for T-C(y.gg) is
located in the region at 20-120 mm from the top of the rotor cage. T-D(1.97) and T-C(1.9 g) are
similar, with the graded area of T-D(y. 7) located at 40-120 mm. As seen from Figure 7ef,
the grading positions for T-E(;. ) and T-F(;.9 5 are mainly located at the bottom of the rotor
cage. These are all graded at a distance of 60-140 mm from the top of the rotor cage. Due
to the negative pressure in the center of the rotor cage, the coarse particles that entered
the classification zone are carried directly into the interior of the rotor cage by the airflow,
increasing the cut size.

In summary, it can be observed that the T-C(1. g) and T-Dy.¢ 7) graded areas are located
in the middle of the rotor cage, and have the largest graded areas.

3.1.3. Discrete-Phase Simulated Results and Analysis

In the classification process, the particle movement trajectory can be tracked and
visualized, which can visually explain the particle classification mechanism. Therefore,
discrete phase model was established in Fluent to simulate the particle trajectory and
compare the particle motions for six different rotor cage structures.

Simulation Results and Analysis of Single Particle

The uniformity of the particle concentration distribution on the outer edge of the rotor
cage has a relatively large influence on the classification effect. High particle concentrations
in local areas increase the probability of collision and aggregation between particles, which
will reduce classification accuracy [25]. Therefore, the classification position of different size
particles is particularly critical. Figures 8-13 present the particle trajectory in the classifier
of six different rotor cage structures. The calcium carbonate particle sizes are set at 5, 15, 25,
and 35 pm. As seen from Figures 8 and 9, in models T-A(;.1) and T-Byy_g g), the fine (5 and
15 pm) and coarse particle (25 and 35 um) classifications are located at the upper half of the
rotor cage. The reason for this is that in the under-feed classifier, the incidence angle of the
airflow at the entrance to the rotor cage is too large, and a vortex forms below the rotor
cage, impeding the flow of air, thereby causing the lower half of the rotor cage to lose its
classification function. Hence, the particles gathered in the upper part of the classifying
chamber for classification. Increased probability for collision and aggregation between
particles resulted in reduced sharpness of separation. As seen from Figures 12 and 13, in
models T-E(j.g 6) and T-F(1.¢ 5), the fine and coarse particle classifications are located at the
bottom half of the rotor cage due to the relatively small size of the chassis diameter of
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the rotor cage and the small distance of the fluid unit from the center of the rotor cage.
Hence, the fluid unit is affected more by the negative pressure at the center of the rotor
cage, resulting in a large radial velocity in the lower part of the classification chamber.
Particles carried by air can easily pass through the blades from the bottom of the rotor cage.
In models T-C(1.9 gy and T-Dy1.q 7), as shown in Figures 10 and 11, the fine particles (5 and
15 um) follow the airflow into the rotor cage at the lower part of the classifying chamber,
and coarse particles (25 and 35 um) are graded in the upper part of the classifying chamber.
This means a uniform particle concentration distribution on the outer surface of the rotor
cage in models T-C(1.9g) and T-D(1.97). Models T-C(1.98) and T-D(y1.o7) decrease particle
collision and aggregation probability and improve the particle concentration distribution
in the classification area.

T
i

Particle
velocity magnitude/m-s™!

(d),

Figure 8. Trajectories of different size particles in T-A(;.1): (a) d =5 pum, (b) d = 15 um, (c) d = 25 pm,
and (d) d = 35 um.

Particle
velocity magnitude/m-s™!
19

Figure 9. Trajectories of different size particles in T-B(1_gg): (a) d =5 um, (b) d = 15 um, (c) d = 25 pm,
and (d) d = 35 um.
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Figure 10. Trajectories of different size particles in T-C(1_gg): (a) d =5 um, (b) d = 15 um, (c) d = 25 pm,
and (d) d = 35 um.
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Figure 11. Trajectories of different size particles in T-D(1.o 7): (a) d =5 um, (b) d =15 pum, (c) d = 25 um,
and (d) d = 35 um.
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Figure 12. Trajectories of different size particles in T-E(1.9 6): (a) d =5 pm, (b) d =15 um, (c) d = 25 pm,
and (d) d = 35 um.
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Figure 13. Trajectories of different size particles in T-F(1.9 5): (a) d =5 pm, (b) d =15 um, (c) d = 25 um,
and (d) d = 35 um.

Simulation Results and Analysis of Multi-Particles

In order to obtain simulated Tromp curves, trajectory calculations of multi-particles
were carried out for several groups of particles with different particle size. Between 1 and
89 um, 23 groups of particles (1, 5,9, 13,17, 21,..., 77, 81, 85, and 89 um) were selected. These
particle trajectories were simulated by tracking 758 particles for each group. The Tromp
curve is shown in Figure 14a. It is observed that the Tromp curves of T-C(1.9.g) and T-Dy1.q 7
are steeper near the cut size dsg than that for T-A 1.1y, T-B(1.0.9), T-E(1.0.6), and T-F(1.g 5. The
Tromp curves for T-C(y.9 g) and T-Dyy.q7) are closer to the ideal classification curve. The
reason for this is because the velocity distribution in the T-C(y_g gy and T-Dyj_q 7) classification
areas is more uniform, and the particle concentration is more evenly distributed. The Tromp
curves obtained from the simulations were used to calculate the cut size (particle size at
50% classification efficiency) and the sharpness of separation (K = dp5/d75). The results
are presented in Table 5. Compared to T-A(j.1), T-C(1.0,8) and T-D(197) have a smaller cut
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size, in which d5p decreased from 26 um to 22.5 um and 22.3 pum, respectively. The grading
accuracy improved from 0.42 to 0.72 and 0.71. The discrete phase simulation results verify
the continuous phase results. The inverted-conical rotor cage is more suitable for the
new rotor-type dynamic classifier, in which the T-C(y.9 g) and T-D(;1.o 7) are the best rotor
cage structures.
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Figure 14. Comparison of Tromp curves for six different rotor cage models: (a) 13.5 m/s—470 rpm, (b) 16 m/s—470 rpm, and
(c) 13.5 m/s-670 rpm.

Table 5. Comparison of dsg and K for the six different rotor cage models (13.5 m/s—470 rpm).

Model Code dso/um K
T-Aq.) 26.0 0.42
T-B(1.09) 25.6 0.63
T-Caog) 225 0.72
T-Dg1.07) 223 0.71
T-Eq1.06) 26.5 0.64
T-F1.05) 35.0 0.59

In order to investigate the effect of the operating parameters on experimental con-
clusions, discrete phase simulations at different air inlet velocities and rotor cage rotary
speeds were conducted, including 16 m/s—470 rpm and 13.5 m/s—670 rpm. The discrete
phase settings were unchanged, and trajectory tracking was performed for multi-particles
with different particle sizes at different operating parameters. Figure 14b,c shows the
Tromp curve of the air classifier for different operating parameters. Furthermore, by simu-
lating the Tromp curve, the cut size and sharpness of separation were calculated for the
corresponding working conditions. The results are listed in Tables 6 and 7.
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Table 6. Comparison of dsg and K for the six different rotor cage models (16 m/s—470 rpm).

Model Code dso/um K
T-Aq.) 29.1 0.47
T-B(1.09) 29.3 0.67
T-Caog) 24.8 0.74
T-D(1.07) 25.2 0.75
T-E(1.06) 29.7 0.68
T-F1.05) 39.1 0.61

Table 7. Comparison of dsy and K for the six different rotor cage models (13.5 m/s—670 rpm).

Model Code dso/um K
T-Aq-yy 241 0.52
T-B(1-0.9) 23.9 0.69
T-Cp-08) 18.9 0.77
T-D(1-0.7) 20.1 0.79
T-E(1-0.6) 244 0.67
T-F1-0.5) 31.3 0.65

As can be seen from Figure 14b, the Tromp curves for T-C(1.9 gy and T-D(y.¢ 7) are steeper
around the cut size ds for the six different rotor cage models. The calculated classification
efficiency of the T-C1.gg) classifier and T-D(1.g 7 classifier is better than that of the other
classifier. Compared to T-A(y.1), the cut size of T-C(1.9.g) and T-Dy1_g 7) is smaller, and the ds
decreased from 29.1 pm to 24.8 um and 25.2 pm. The sharpness of separation improved
from 0.47 to 0.74 and 0.75. Therefore, it can be concluded that T-C(y. g) and T-D(y.q 7y are still
the best rotor cage structures when changing the air volume of the equipment. Compared
to the original operating parameters (13.7 m/s—470 rpm), when the air inlet air volume
increases, the cut size both increases and the sharpness of separation also increases for the
six classifiers. This is because when the air volume increases, on the one hand, it helps to
disperse the material, so that the chance of mixing the fine powder into the coarse powder
is reduced; on the other hand, it also makes the radial velocity of the gas on the outer
surface of the rotor increase, so that the relatively large particles can also pass through
the grading surface and become fine powder. Therefore, as the air volume increases, the
sharpness of separation and the cut size increases.

As can be seen from Figure 14c, among the six different models, the Tromp curves of
T-C(1-0.8) and T-D(y. 7) are steeper around the cut size dsp and are closer to the ideal classifi-
cation curve. Compared to T-A(.1), the cut size of T-C(1.9g) and T-Dyy.q 7) is smaller, and the
dsp decreased from 24.1 um to 18.9 um and 20.1 um. The sharpness of separation improved
from 0.52 to 0.77 and 0.79. Therefore, it can be concluded that T-C(y.9 g) and T-D(y.¢ 7) are
still the best rotor cage structures when changing the rotor cage speed. Compared with the
original operating parameters (13.7 m/s—470 rpm), when the rotor cage speed increased,
the cut size decreased and the sharpness of separation increased for all six models. This
is because when the rotor cage speed increases, the intensity of the centrifugal force field
inside the classifying chamber increases, making the fine particles also sink toward the side
wall and mix into the coarse powder. Therefore, with the increase of rotor cage speed, the
sharpness of separation increases and the cut size decreases.

In summary, it can be seen that when the operating parameters are changed, the cut
size and sharpness of separation of the classifier will be changed. However, compared to
T-Aq-1), T-Ba-0.9), T-E(1-0.6), and T-F(1.9 5, T-C(1.9.8) and T-D(y.q 7y are still the best rotor cage
structures. Changes in operating parameters do not vary the internal flow characteristics
of the classifier.
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3.2. Influence of the Diversion Cone Structure on the Internal Flow Field in the Classifier

The diversion cone (1) guides the dusty air stream, in order to allow it to reach the
vicinity of the rotor cage for classification movement, and it (2) breaks up the aggregation
particles and prevents coarse particles from entering the classification chamber. The struc-
ture of the diversion cone influences the velocity distribution in the classification chamber,
thereby changing the particle trajectory. The tangential velocity is mainly controlled using
the rotational speed of the rotor cage. Therefore, the diversion cone structure largely
influences the radial and axial velocity distribution in the classification area. This section
focuses on the effect of the height and diameter of the diversion cone on the classification
performance of the T-C (1o g) and T-Dyy.q 7) classifiers.

3.2.1. Influence of Diversion Cone Height on the Flow Field

Based on the previous structure, the diversion-cone diameter to rotor-cage-chassis
diameter ratio was 0.9:1.0. The diversion cone diameters for the model T-C(;.9 ) and T-
D(1.0.7) were 198.0 mm and 173.3 mm. In order to study the effect of the diversion cone
height on the flow field distribution, the heights were determined to be 114, 104, and 94 mm,
as shown in Figure 15. Furthermore, the operating conditions are set to 13.5 m/s—470 rpm.
The comparisons of radial velocity and axial velocity contours for different height diversion
cones are shown in Figures 16-19. It can be clearly observed that the radial velocity and
axial velocity of the flow field is almost the same when the diversion cone diameter is
constant and the height is varied. This shows that diversion cone height has almost no
effect on the flow field distribution.

Figure 15. Structure of the diversion cone at different heights.
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Figure 16. Effect of the height of the diversion cone on the radial velocity (T-C(1.gg), x = 0):
(a) h=94 mm, (b) h =104 mm, and (c¢) h = 114 mm.
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Figure 17. Effect of the height of the diversion cone on the axial velocity (T-C(1.9g), x = 0):
(a) h =94 mm, (b) h =104 mm, and (c) h = 114 mm.
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Figure 18. Effect of the height of the diversion cone on the radial velocity (T-D(1.97), x = 0):
(a) h=94 mm, (b) h = 104 mm, and (c) h = 114 mm.
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Figure 19. Effect of the height of the diversion cone on the axial velocity (T-D1.97), x = 0):
(a) h =94 mm, (b) h =104 mm, and (c) h = 114 mm.

The discrete phase model was used to simulate the classifying motion of particles in a
classifier with different diversion cone heights. Fifteen groups of particles with particle
sizesof 1,5,9,13,17, 21, 25, 29, 33, 37, 41, 45, 49, 53, and 57 pm were selected. Each group
tracked 758 particles in order to simulate the particle trajectory. The Tromp curve is shown
in Figure 20. It can be clearly observed that the Tromp curves are almost identical, with no
drastic changes in cut size or sharpness of separation. It can be concluded that influence
of the classification performance of the classifier by varying the diversion cone height is
not significant.
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Figure 20. Tromp curves for different height diversion cone classifiers: (a) T-C(1.9) and (b) T-D(1.¢.7).

3.2.2. Influence of the Diversion Cone Diameter on the Flow Field

In order to determine the influence of the diversion cone diameter on the flow field,
four sets of diversion cone structures were designed based on a diversion cone height
of 114 mm. The diversion-cone to rotor-cage-bottom diameter ratios were 0.8:1.0, 0.9:1.0,
1.0:1.0, 1.1:1.0 (the T-C1.og) classifier has diversion cone diameters of 176, 198, 220, and
242 mm, and the T-D(1o 7, has diversion cone diameters of 154.0, 173.3,192.5, and 211.7 mm).
The structure of the diversion cone is presented in Figure 21.

Figure 21. Structure of the diversion cone at different diameters (T-C(1.9g))-

The radial velocity and axial velocity contours for classifiers with different diameter
diversion cones at x = 0 cross-section are presented in Figures 22-25. As can be seen from
the diagram, the flow of air can be altered by changing the diameter of the diversion
cone, thereby changing the velocity distribution of the flow field. By comparing the two
models, it can be seen that T-C;_og) airflow distribution is similar to that for T-Dy.q 7).
Therefore, T-D(1.¢ 7) is specifically analyzed in the present study. As shown in Figure 24a,
when the diameter is 154 mm, the relatively small diameter of the diversion cone weakens
the diversion cone’s action. As a result, the rotor cage chassis prevents airflow into the
classification zone. The airflow that moves against the wall of the diversion cone is
initially directed outwards along with the rotor cage chassis, due to the obstruction of the
chassis. Then, this converges with the upward moving outer airflow. Therefore, airflow
movement in the lower area of the classifying chamber is vertically upward, resulting in
a relatively large axial velocity in this region. Due to the interaction between airflow, the
inner airflow squeezes the outer airflow. Eventually, the airflow moves to the upper half
of the classification chamber into the rotor cage. Hence, the radial velocity in the upper
area of the rotor cage is relatively large, as shown in Figure 25a. The airflow carries coarse
particles to the upper part of the classification chamber due to the high mass and inertia.
Due to the large radial velocity and the large air drag in the upper part of the rotor cage,
these coarse particles are carried through the rotor cage blades by the airflow, increasing
the cut size.
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Figure 22. Effect of the diameter of the diversion cone on the axial velocity and gas movement
(T-Cqr-0.8), x = 0): (a) d = 176 mm, (b) d = 198 mm, (c) d = 220 mm, and (d) d = 242 mm.
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Figure 23. Effect of the diameter of the diversion cone on the radial velocity (T-C(1og), x = 0):
(a) d =176 mm, (b) d = 198 mm, (c) d = 220 mm, and (d) d = 242 mm.
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Figure 24. Effect of the diameter of the diversion cone on the axial velocity and gas movement
(T-D(1-0.7), x=0): (a) d = 154 mm, (b) d = 173.3 mm, (c) d = 192.5 mm, and (d) d = 211.7 mm.
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Figure 25. Effect of the diameter of the diversion cone on the radial velocity (T-Dj.g7), x = 0):
(a) d =154 mm, (b) d =173.3 mm, (c) d = 192.5 mm, and (d) d = 211.7 mm.

When the diameter is 173.3 and 192.5 mm, the airflow entering the classification
chamber is relatively close to the rotor cage. At the entrance to the rotor cage, the airflow
incidence angle is relatively small, effectively reducing the creation of vortices at the bottom
of the rotor cage. Hence, the inner airflow that moves close to the diversion cone wall
can enter the cage from the bottom of the rotor cage, as shown in Figure 24b,c. This
means that there will be a larger grading area, making it less likely that particles will
collide with each other. The fine particles are graded in the lower area of the classification
chamber. The coarse particles move to the upper area of the classification chamber and
leave the classification area due to the relatively small radial velocity at the upper part of
the classification chamber. Then, these hit the wall, and settle the as coarse powder.

When the diameter is 211.7 mm, the airflow into the classification chamber is far
from the rotor cage. Then, a vortex forms in the lower part of the classification chamber,
preventing the airflow from entering the inside of the rotor cage from the lower part of
the classification chamber, as shown in Figure 24d. Due to the negative pressure in the
center of the rotor cage, the airflow enters the interior of the rotor cage from the upper
area of the classification chamber, resulting in a high radial velocity in the upper part of
the classification chamber (Figure 25d). The concentration of particles in the upper part of
the classifying chamber is relatively high, increasing the probability of particle collisions,
which reduces the sharpness of separation.

In summary, it can be observed that too large or too small a diversion cone diameter
leads to changes in the velocity distribution of the flow field. The flow field distribution is
most reasonable when the diversion-cone diameter to rotor-cage-chassis diameter ratio is
1.0:1.0 and 0.9:1.0.

The discrete phase model was used to simulate the classifying motion of particles
in classifiers with different diameter diversion cones. Nineteen groups of particles were
selected between 0 and 75 um. Each group tracked 758 particles in order to simulate the
particle trajectory. The Tromp curve is shown in Figure 26. As the diversion cone diameter
increased, the cut size decreased and subsequently increased. Furthermore, the sharpness
of separation increased and then decreased. When the diversion-cone diameter to rotor-
cage-chassis diameter ratio is 1.0:1.0 or 1.0:0.9, the cut size and sharpness of separation are
approximated, and the dynamic classifier has the best classification effect.
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Figure 26. Tromp curves for different diameter diversion cone classifiers: (a) T-C(1.9 ) and (b) T-D(y.g 7).

4. Industrial Application

The new rotor-type dynamic classifier has been used in the preparation of anode
powder in the electrolytic aluminum industry. The process flow diagram for the grinding
and classification system is presented in Figure 27a. This system is supported by a high-
pressure induced draft fan, which provides power for the grinding system as a whole, and
creates negative pressure in the air duct. Petroleum coke (o = 1000 kg/m?) with a particle
size of 0-6 mm is uniformly fed into the air-swept ball mill via a weighing feeder. The
material is continuously thrown up and sunk in the ball mill, together with the grinding
media (steel balls). The fine powder suspended in the ball mill is conveyed by the wind
into the new rotor-type dynamic classifier for coarse and fine separation. The fine material
(d <75 um) enters the rotor cage and is discharged through the fine powder outlet. The
coarse material (d > 75 pm) loses its momentum when it hits the cylinder wall, and drops
along the wall to the bottom coarse powder discharge. Then, this returns to the air-swept
ball mill for further grinding. The qualified fine powder enters the bag filter for dust-gas
separation and eventually becomes the finished product.

High-pressure
induced draft fan

/
A new rotor-type
dynamic classifier
Weighing feeder
i Conveyor

Raw materials Bag filter

Air-swept ball mill

D3200%5800

(a)

Air + Fine
particle outlet

Coarse particle outlet
(Curtain discharge valve)

Classification
chamber :
& 7 Air + Feeding pipe
Diversion cone i |
|
(b)

Figure 27. (a) Process flow diagram of the grinding and classifying system and (b) photo of the
industrial classifier.
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According to the results of the numerical simulation, when the diameter of the top-
surface to bottom-surface of the rotor cage ratio was 1.0:0.8 or 1.0:0.7, and the diversion-cone
diameter to bottom-surface diameter of the rotor cage ratio was 0.9:1.0 or 1.0:1.0, the Tromp
curve is closer to the ideal classification curve and the cut size is smaller and the sharpness
of separation is higher (the K value is closer to 1). At this time, the dynamic classifier
has better classification performance. The industrial requirements are a system output
of >15 t/h and a finished product qualification rate (d < 75 pm) of 75 £ 5%. Then the
industrial dynamic classifier was designed following a geometric scaleup according to
required powder output and similar criteria. The top surface diameter of the rotor cage
was 1495 mm and the chassis diameter 1050 mm; the diversion cone height was 605 mm
and the diameter 945 mm. The industrial classifier is presented in Figure 27b. Through
experiment on-site and testing, stable working conditions were determined: feed rate,
17 t/h; classifier inlet air velocity, 17 m/s; and rotating speed of the rotor cage 150 rpm.
When the industrial classifier was running steadily, the material was picked up at the feed
inlet, fine powder outlet, and coarse powder outlet at different time periods. The samples
were then collected from the raw material, fine powder, and coarse powder using a sieving
riffler (Quantachrome, Beach, FL, USA). The particle-size difference distribution of the
samples was obtained using a Mastersizer 2000 Laser Particle Size Analyzer (Malvern
Panalytical, Malvern, UK). Since the particle size distributions of the three groups of
samples were not very different, only the particle size distribution of one group of samples
was provided in this paper. The raw material particles are shown in Table 8. The particle
size distribution of the fine and coarse powders is shown in Figure 28a.

Table 8. Raw material particle size distribution.

Particle Size/um Differential Distribution/%

0-10 9.04
10-20 6.20
20-30 3.32
3040 5.30
40-50 4.46
50-60 7.81
60-70 10.40
70-75 0.80

>75 52.67
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9.0
8.0
7.0
6.0
5.0
4.0
3.0
2.0
1.0

0.0
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Frequency percentage/%o

-~ Fine fraction frequency
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Coarse fraction cumulative
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Figure 28. (a) The particle size distribution of the coarse and fine powders and (b) Tromp curves for the industrial classifier.

As seen from Figure 28a, the volume percentage of qualifying particles (<75 um) was
around 12.88% of the collected coarse powder, indicating that only a small amount of fines
are present in the coarse powder. This reduces overgrinding, lower the circulating load
and reducing the process energy consumption. The product pass rate was 77.5%, meeting
industrial requirements (75 & 5%). Figure 28b shows the Tromp curve of the industrial
classifier. The cut size is less than 75 um, which guarantees the quality of the finished
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product. Sun [26] describes the evaluation criteria for industrial classifiers. By calculation,
results indicate an industrial classifier classification efficiency of 87%, classification sharp-
ness about 0.58, and Newton classification efficiency of 65.2%, which meet the process
requirements for a specific product yield and particle size distribution. These results show
that the new rotor-type dynamic classifier has excellent classification performance.

5. Conclusions

A new rotor-type dynamic classifier was designed and numerically simulated. The
industrial classifier was used to classify petroleum coke and the classification performance
in practical applications was obtained. The specific conclusions follow:

1. The new rotor-type dynamic classifier was designed with air and material entering
from the bottom. The classifier is fitted with an inverted conical rotor cage and
diversion cone inside the classifier. This solved the problems of inadequate pre-
dispersion and high dust concentration in the grading zone of the turbo air classifier.

2. When the structural and dimensional parameters of the classifier are constant, the
rotor cage structure directly influences the flow field distribution in the classifier.
This influences the classification performance. The bottom of the cylindrical rotor cage
generates swirls, resulting in the loss of classification function at the bottom of the rotor
cage. The velocity gradient on the outer surface of the rotor cage is large and unevenly
distributed. The swirl at the bottom of the inverted conical rotor cage decreases and the
velocity distribution on the outer surface of the rotor cage is more uniform.

3. When the top-surface to chassis-diameter ratio of the rotor cage is too large or too
small, there are significant fluctuations in the tangential velocity and radial velocity.
Therefore, there is an optimal for the top-surface to chassis diameter ratio of the rotor
cage. This would make the standard deviations for the tangential velocity and radial
velocity small, and the velocity of the flow field well-distributed.

4. The height of the diversion cone has little influence on the distribution of the flow
field. However, the diameter of the diversion cone has a strong influence on the radial
velocity and axial velocity of the flow field.

5. The industrial classifier has high classification efficiency and classification sharpness,
meeting the industry requirements for classification efficiency and energy consumption.
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