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In order to protect the port environment and effectively reduce the dust concen-
tration at the unloading point the gantry crane area, this paper presents a sum-
mary of the dust diffusion rule under different working intensity, falling height,
and ore moisture content. The simulation study was conducted to determine the
dust diffusion path under different working intensity, falling height, and ore mois-
ture content during ore loading and unloading at the port. The simulation study
revealed that during the process of material falling, dust will continuously move
in the fluid region. Furthermore, the collision between gravity, particles, and
walls will exacerbate the migration range of dust. In the dust diffusion process,
the small particle size is concentrated in the upper right corner of the funnel.
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Introduction

Since the reform and opening-up, China's economy has experienced a period of rapid
development. This has been accompanied by a rapid improvement in the port of ore through-
put, which has resulted in a considerable amount of dust being produced during the loading and
unloading process. This has led to a number of environmental problems becoming increasingly
prominent. The quality of the living environment for residents in the vicinity of the port is not
adequately safeguarded. The study of the dust diffusion path during ore handling and the anal-
ysis of the influence of environmental factors, including ore falling height and ore quality, on
dust diffusion can provide guidance for the control of ore dust diffusion in port.

With regard to the current state of research on dust diffusion models at discharge
points, scholars have employed a range of dust diffusion models to numerically simulate the
dust diffusion path. Examples of such models include the Euler model [1], the Lagrange mod-
el [2], the discrete element method (DEM) coupling model [3], the CFD post model, the dis-
crete phase model (DPM) [4], the volume of fluid (VoF) model [5], and the mixture model
[6]. In their study, Patankar and Joseph [1] employed the Euler-Lagrange method to investi-
gate numerically the particle flow. Hu, et al. [2] conducted a numerical simulation of coal
tunnel blasting by applying the theory of two-phase flow of gases and solids. Gang et al. [3]
employed the DPM diffusion model and FLUENT software to investigate the impact of dust
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removal fan operation on air-flow dynamics within a fully mechanized mining face. Zhang et
al. [7] employed the DEM coupling model to conduct simulation research on the gas-solid
two-phase flow field of grab bucket discharge. The study of dust diffusion paths under differ-
ent conditions by scholars provides certain reference value for the study of dust diffusion
models suitable for loading and unloading points [8]. The numerical scheme based on the
mathematical model of multiphase flow of separated particles employs a continuum method
for all phases, or alternatively, a continuum method for the fluid phase and a Lagrange meth-
od for the particles [9].

In order to effectively reduce the dust concentration during ore loading and unload-
ing in port, a CFD simulation was conducted using the FLUENT software. The simulation in-
volved the analysis of dust diffusion trajectories at the loading and unloading point of gantry
crane area under varying water content, falling mass, and wind speed conditions. The result-
ing dust diffusion range was obtained according to the dust diffusion trajectories under differ-
ent working conditions.

Numerical simulation theoretical model

The CFD is a branch of fluid mechanics that employs computer simulation to model
actual fluid-flow scenarios. By setting up the simulation conditions and running the simula-
tion, the corresponding results can be obtained. This allows the functionality of the simulation
to be evaluated without the need for an experimental set-up [10]. The technology of direct so-
lution of fluid-flow based on the governing equation primarily involves the construction of a
geometric model, the division of the grid, the setting of parameters, the setting of boundary
conditions, and the solution.

The gas phase follows the Navier-Stokes equation [11]. The continuity equation and
the momentum conservation equation are:
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where pg [kgm?] is the density of the air-flow field, ug [ms™] — the speed of the air-flow field,
p [Pa] — the pressure of air-flow field, 7y — the viscous stress tensor of the air-flow field,
g (= 0.8 m/s?) — the acceleration of gravity, Fq., — the particle phase and gas force, and &q — the
volume fraction of the gas.
In accordance with Newton's second law, the governing equations for the solid
phase, which account for collisions between particles and with the wall, are:
k
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where i [kgm?] is the moment of inertia of particle i, m; [kg] — the mass of particle i,
vi [ms] — the translational velocity of particle i, wi [rpm] — the rotation speed of particle i,
ki — the number of particles in contact with particle i, Tj; — the torque, fo-g1 and feontactij [N] —
the gas-solid interaction force and contact force with particles and air, respectively.
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The mineral powder inherently contains a certain amount of moisture. To facilitate
dust suppression, the moisture content of the mineral powder is intentionally increased. Con-
sequently, during the descent of the mineral powder at the unloading point in the gantry crane
area, the surface of the powder remains moist. In the process of simulation, the simulated par-
ticles must adopt the Hertz-Mindlin with JKR model [12, 13]. During the simulation, it is
necessary to employ the Hertz-Mindlin with JKR model for the particles. As the mineral fines
descend, adhesive forces emerge between particles and with the wall surfaces. The JKR mod-
el relies on the Johnson-Kendall-Roberts theory [14] for determining the normal contact forc-
es between particles or between particles and walls.
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where Fikr [N] is the normal contact force between particles, 6 [m] — the amount of overlap, y
[Nm™1] — the surface tension, E [Pa] — the equivalent elastic modulus, « [m] — the amount of
tangential overlap, and R [m] — the equivalent contact radius.

Development and simulation setting of unloading
point model in gantry crane area

Geometric model and grid division

In response to the actual conditions of the unloading point in the gantry crane area of
Huanghua Port, a site model was reconstructed at a scale of 10:1. Based on this model, the
dispersion patterns of dust under various operational conditions were simulated.

The dimensions of the on-site funnel model were increased by a factor of ten. The
dimensions of the model are 9.18 m in length, 7.5 m in width, and 9.1 m in height. The specif-
ic model is shown in fig. 1.

The parameters set for the 3-D model of the grab bucket is shown in tabs. 1 and 2.

Table 1. Physical parameters of materials

Poisson's ratio Shear modulus [Pa] Density [kgm2]
Simulated particle 0.4 1.1x107 1023
Funnel 0.3 7.9x1010 7850

Table 2. Material contact coefficient

Recovery coefficient | Coefficient of static friction Coefficient of rolling friction
Grain-particle 0.5 0.6 0.04
Grain - wall surface 0.5 0.4 0.05

The specific dimensions of the grab bucket are presented in tab. 3. The upper part of
fig. 1 represents an enclosed fluid region, while the lower part of the funnel forms a complete
fluid region. The study employs a simulation to model the dispersion patterns of dust at emis-
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sion points within the gantry crane region, while simultaneously considering the impact of
environmental factors and the trajectories of ore particles during their descent. The 3-D model
of the fluid region is shown in fig. 2.
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Figure 1. The 3-D model of grab bucket Figure 2. The 3-D model of fluid region at grab
unloading point

Table 3. Geometric dimensions of hopper

Hopper length and width [m] | Barrel height [m] | Total hopper height [m] | Bottom length and width [m]

910x750 300 1120 130x70

By setting the element size to 10 mm and configuring the mesh generation method
for the 3-D model to employ triangles, a mesh with acceptable quality is obtained.

The grid parameters dictate that the grid diagram of the 3-D model of the unloading
point in gantry crane area can be divided, as illustrated in fig. 3.

It is evident that the minimum area is greater than 5 m2, which meets the condition
of solving the calculation. The next step is to name the grid division diagram of the discharge
points in the gantry crane area. Subsequently, the fluid domain is delineated by defining the
inlet, outlet, and wall boundaries, as illustrated in fig. 4.

The fluid area diagram illustrates the phenomenon of material falling from a height
of 0.5 m above the funnel, as well as material falling below this height. During the descent,
dust will be generated. The position of the hopper mouth is indicated by the arrow.

Boundary conditions

The model was divided into a grid according to the actual situation on the site and
then imported into FLUENT for fluid calculations. In the calculation process, the CFD-DPM
model was employed to conduct simulations based on the two-phase flow model and discrete
phase model. This involved determining various parameters and boundary conditions for the
numerical simulation of the gas phase flow field, as shown in tabs. 4-6.
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Figure 3. Grid-division diagram of 3-D model Figure 4. Fluid region diagram of the 3-D model
of grab unloading point of grab unloading point

Table 4. Parameter setting table of calculation model

Model calculation model Define setting Model calculation model Define setting
Time Transient Two-phase flow model Eulerian model
Gravity Y =-9.81 m/s? Discrete phase model DPM model

In order to conduct a simulation, it is necessary to set the relevant parameters of the
dust injection source. The following parameters have been set:

Table 5. Jet source parameter setting table

Jet source Unit Settings Remark
Injection source type Surface
Jet surface Inlet
point XYz
Minimum diameter [m] 0.00002 It depends on the specific mineral species
Maximum diameter [m] 0.0002 It depends on the specific mineral species
Mean diameter [m] 0.00011 It depends on the specific mineral species
Dispersion coefficient 10
Diameter quantity 5
Total flow [kgs™] 10 It depends on the specific mineral species
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Table 6. Main boundary condition setting table

Boundary condition Unit Settings
Entry boundary type Velocity inlet
Inlet velocity magnitude [ms™] 15,3,45,6
Exit boundary type Pressure outlet
Wall shear condition No slip

Simulation of dust diffusion in the process of unloading
dust production in gantry crane area

This paper presents a simulation of the dust diffusion trajectory, which is stochastic
as shown experimentally in [15], and can be described by a fractal-fractional diffusion model
using the two-scale fractal derivatives [16, 17], and can be simulated by the lattice and autom-
ata method [18]. In this paper, the orthogonal method [19] was employed to assess the impact
of water content, wind speed, and mass-flow rate on the dust production of ore powder during
the discharge fall. A simulation of the diffusion trajectory of dust with a material mass of
10 kg/s is presented in fig. 5.

Figure 5 depicts the particle movement track diagram when the particle flow field
moves. It can be observed that, during the process of material falling, dust will continue to
move within the fluid region. Furthermore, the collision between particles and with walls will
exacerbate the migration range of dust. In the context of dust diffusion, the smaller particle
size is concentrated in the upper right corner of the funnel. The velocity cloud map is depicted
in fig. 6.
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Figure 5. Trajectory diagram of particle flow field  Figure 6. Velocity cloud map of particle flow field
when it moves

During the descent of bauxite, high-velocity particles concentrate at the unloading
point in the gantry crane area at the top of the funnel. This concentration is due to the maxi-
mum Kinetic energy of dust particles at this point, accompanied by the widest dispersion
range. This location is the primary target for water-dust suppression strategies.
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Conclusions

To effectively reduce dust concentrations during the ore loading and unloading pro-
cess at ports, this study employed FLUENT software to simulate the dispersion trajectories of
dust at the unloading points of the gantry crane area under varying conditions of moisture
content, falling mass, and wind speed. Based on the dispersion trajectories observed under
different operational conditions, the derived dust dispersion ranges provide instructive guid-
ance for dust suppression methods during the ore handling process.

Under different operational intensities, the trajectory maps of particle motion in the
particle flow field over 1 to 4 seconds reveal that during the descent of the material, dust par-
ticles continuously move within the fluid region. The transport range of dust is exacerbated by
the interplay of collisions between particles and with the wall surfaces. In the dispersion of
dust, smaller particles are concentrated in the upper right of the funnel.
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