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NUMERICAL SIMULATION RESEARCH ON EFFICIENT
DUST CAPTURE OF BLAST FURNACE TAP HOLE

Lili WANG!, Wei WANG?, Ran LI**, Guangkuo HE*, Haibin KE®

The traditional fixed dust collection hoods for blast furnace tap holes rely
solely on passive negative pressure for dust capture, with limited suction capacity.
The on-site dust removal efficiency is only 60%~70%. The overflowing dust
seriously endangers workers’ health and pollutes environment. This article designs
a top rotating blade type composite dust collection hood and uses numerical
simulation to systematically study the effects of rotation domain diameter, blade
number, rotation speed on flow field structure, particle motion trajectory, and
capture efficiency, and reveals the mechanism of vortex enhanced dust collection.
The results showed that the optimal structure and operating parameters are a
rotation domain diameter of 1.5 m, 6 blades, and a rotation speed of 3000 r/min,
achieving a dust collection efficiency of 94%. This study provides a reliable
theoretical basis and practical reference for the technical upgrading of dust removal
equipment at blast furnace tap holes and promotes green production in blast furnace
operations.

Keywords: Blast furnaces tap hole; a top rotating blade type composite dust
collection hood; airflow distribution; dust capture; numerical simulation.

1. Introduction

The carbon emissions of steel industry account for more than 15% of the
national industrial carbon emissions [1]. Blast furnace iron-making is an
important part of steel production, emitting a large amount of dust during iron
tapping process. On average, each ton of pig iron releases 2.5 kilograms of dust,
and a large blast furnace produces approximately 25 tons of dust daily. When
opening and blocking a blast furnace tap hole, initial jet velocity is 25 m/s,
temperature is 1000°C, fine particulate dust(<10um) accounts for up to 95%, and
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exhibits the characteristic of intense instantaneous outburst [2], capture efficiency
of traditional fixed dust collection hood is only 60-70%][3,4]. The overflowing
dust not only threats workers’ health but also pollutes environment [5,6].
Simultaneously, a large amount of dust is emitted directly also means that
valuable iron-containing (TFe=50%) dust resources are wasted. This is
inconsistent with the current requirements of cost reduction, efficiency
improvement, green and sustainable development in steel industry [7]. Therefore,
the unorganized emission of dust from the blast furnace iron-making process is a
key control target for air pollution in the steel industry, efficient capture and
purification of dust during iron tapping process have become one of the key tasks
for steel enterprises to achieve clean production, fulfill environmental protection
responsibilities, and ensure production safety.

There were relevant studies on the design and application of dust
collection hoods both domestically and internationally. Chi [8] addressed the
difficulty in collecting dust from upper part of blast furnace raw material bins to
perform reciprocating dust collection by utilizing mobile ventilation ports,
effectively controlling dust pollution. Wu [9] utilized negative pressure to capture
smoke dust during the renovation of the electric furnace dust collection system.
Robert [10] designed a dust collection device for small melting furnaces,
structurally optimizing to reduce dust dispersion. As a vital component of entire
dust collection device, dust collection hood directly determines dust collection
efficiency. However, actual measurements are often laborious, costly, and difficult
to accurately obtain dust distribution. Currently, most scholars use CFD-DEM
numerical simulations to study gas motion and particle distribution in gas-solid
two-phase flow [11]. Wang [12] simulated the diffusion of blast furnaces multiple
dust sources based on the k-¢ model and confirmed that for every 0.1 m reduction
in the distance between hood and dust source, the efficiency increased by 3%-5%.
Lv[13] used Fluent fluid software to calculate dust collection efficiency of coal
conveyor belt dust collection hood. And found that opening angle of dust
collection hood had a significant impact on it. Geng [14] analyzed spatial
distribution of dust movement in a steel-making electric furnace workshop
through numerical simulation, and improved dust removal efficiency to 84% by
optimizing structure of dust hood.

Blast furnaces tap hole dust removal is a challenging task. The negative
pressure at the top of the traditional dust collection hood is only -200 Pa, and
passive suction is difficult to match the transient strong jet of tap hole. Designing
an efficient dust removal hood is an effective solution. Existing research mainly
focuses on fixed static hoods, which have insufficient adaptability to dynamic jet
and transient high concentration working conditions at tap holes. This study
introduces the active disturbance of rotating blades into the dust removal of blast
furnace tap holes for the first time. The SST k-o+DPM high-precision coupling
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model is used to quantify the influence mechanism of structure and operating
parameters on the capture effect, filling the research gap in the application of
dynamic dust removal in blast furnace tap holes. Each unit is projected to reduce
annual dust emissions by 320 tons, this meets the effective control of dust
emission, which is a great significance for ensuring safe production and workers'
occupational health.

2. Materials and methods

2.1 Background of Dust Collection Hood Design

A dust collection hood is installed above the tap hole area which is sealed
with an integrated cover. The dust collection hood is connected to the purification
equipment through a pipeline. Traditional dust collection hoods rely on negative
pressure provided by a centrifugal fan in the iron-making workshop to capture
dust, the negative pressure is -200Pa at top of traditional dust collection hood. The
captured dust gas flows through a pipeline to purification device, where the dust is
collected. The purified gas is discharged through a chimney, completing the entire
dust removal process, which is shown in Figurel.

Variable

Frequency
Smoke and Dust . Purification .
dust from  [|=3»| collection —) device —)I Fan |_)| chimney |
tap hole hood

Dust collection

Fig. 1. Flow chart of the entire dust removal process

Dust collection hood is the first step in dust removal process, and it
directly affects processing load of subsequent purification equipment and
operational efficiency of overall dust removal system. The traditional dust
collection hood is a fixed negative pressure exhaust hood, which relies solely on
negative pressure passive exhaust to form weak airflow with velocity of <5 m/s.
The stagnant flow field is large and the suction distribution is uneven. The jet
instantaneous velocity is 25 m/s, far exceeding the suction capacity of the hood.
The dust emission concentration can reach 5-8g/m?, which cannot meet the
requirement of dust concentration < 15mg/m? in GB 28662-2012 "Emission
Standards for Air Pollutants in the Iron and Steel Industry". Current situation of
dust emission is shown in Figure 2.
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Fig. 2. Current situation of dust emission

2.2 Dust Collection Hood Design

To solve this problem, this paper proposes a composite structure of "fixed
hood body + rotation blades" based on traditional dust collection hood, as shown
in Figure 3. Rotating shaft of rotation blades assembly coincides with the central
axis of dust collection hood, and is perpendicular to gas inlet direction. Rotation
generates forced vortices and active suction, which superimposes with the original
negative pressure to form a strong disturbance, high-speed, and fully covered flow
field. This active airflow disturbance structure has stronger dust guidance and
control capabilities. This is in sharp contrast to the traditional dust collection hood
that lacks dynamic structure.

Rotation blades

] Fixed hood body

Fig.3. Dust collection hood
2.3 Chemical composition and particle size distribution of dust
Average dust production rate is 168kg/h. Chemical composition of dust is
assayed by X-ray fluorescence spectroscopy(ZSX Primus IV from Nippon Rikyu),
as shown in Tablel. Particle size distribution is measured by laser diffraction
particle size analyzer(Mastersizer 3000), as shown in Table 2.

Table 1
The chemical composition of dust

Composition | Fe;Os3 FeO TFe CaO MgO Si0 P Ash

Ratio(%) 59.76 9.12 48.9 5.38 0.3 5.06 0.013 13.84
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Table 2
The particle size distribution of dust
Diameter(pm) <1 1-3 3-5 5-10 >10
Ratio(%) 16 29 27 23.5 4.5

From Table 1, the main chemical component of dust is iron oxide.
Therefore, the parameters of dust are considered as those of iron oxide, with a
density of 4580 kg/m’. From Table 2, dust diameters are very small with 95.5%
less than 10um, which can be inhaled into the respiratory tract, posing serious
hazards to human health [15].

2.4 Numerical simulation method

To simulate current production situation, the geometric model consists of a
tapping space and a dust collection hood. Physical model and mesh generation are
shown in Figure 4.

Export

Rotation domain

Tap hloe

Fig.4. Physical model and mesh generation

The length and width of a tapping space are 3 meters, and the height is 2
meters. The height of a fixed hood body is 1 meter, and the height of a rotation
domain is 0.25 meters. The top surface of a rotation domain is 0.4 meters away
from the export. Diameter of a tap hole is 0.3m and the center of circle is 0.65m
above ground. Mesh generation adopts Hex-Dominant unstructured mesh, rotation
blades are locally densified, and a total mesh number is 517750. As mesh number
continues to increase, airflow velocity on the tap hole center line has no
significant change, so this mesh number is appropriate.

The flue gas is gas-solid two-phase flow which is composed of high-
temperature gas and solid dust. The gas can be regarded as incompressible ideal
gas. The k-o SST model has strong applicability in complex flows and can more
accurately simulate the flow characteristics within the boundary layer [16], so
apply it to accurately simulate the flow field distribution inside. There is no
chemical reaction during dust removal process, and dust volume fraction in the
gas is less than 10%, therefore, a discrete phase model (DPM) is selected [17].
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The boundary condition of inlet is set as a velocity inlet, and flow direction is
perpendicular to the inlet cross-section. The boundary condition of outlet is set as
a pressure outlet, and particles escape from it. All walls are immobile and
conform to the no slip boundary condition. Coupled scheme is used to Pressure-
velocity coupling, Least Squares Cell based is used to spatial discretization
gradient, and second-order upwind scheme is used to obtain density, pressure,
momentum, turbulent kinetic energy, and specific dissipation rate. Particle size
distribution adopts Rosin-Rammler distribution and the drag criterion adopts the
Stokes Cunningham model, Transient analysis is adopted with a time step of 0.01s.
To verify the accuracy and reliability of this simulation, compare production site
data with simulated data of airflow velocity on tap hole center line. The results are
shown in Table 3. The airflow velocity at different locations on the production site
are measured by hot-wire anemometers (FZ-4/5). The simulated data are
calculated by Fluent, which based on the physical model and the determined
numerical method established in the previous text. The velocity difference at
different distances is not significant between two kinds of data, therefore, it can be
considered that the simulation is accurate and reliable.

Table 3
The comparison results of airflow velocity on the taphole centerline
X(m) X=0.5 X=1 X=1.5 X=2 X=2.5
Production site data (m/s) 23.45 20.12 15.78 10.69 7.73
Simulated data (m/s) 24.17 20.98. 16.45 11.94 8.38

Lagrangian method is used for solid phase. Trajectories of discrete phase
particles are determined by integrating forces differential equations acting on
particles [18]. In this paper, gravity force and dragging force of airflow on
particles are considered, thermal radiation force and pressure gradient force are
ignored [19,20]. equilibrium equation for the forces acting on particles is as
follows:Initial velocity of flue gas jet is difficult to measure, but based on its
generation characteristics, it can be determined using the formula for free outflow

velocity through a small orifice [21].
2AP
V=o |— (1)
P

¢ 1s flow velocity coefficient with a value of 0.707; AP is pressure at the
tap hole with a value of 1000Pa; p is density of dusty flue gas with a value of
1.5kg/m. According to the above formula, initial velocity of flue gas jet is
calculated to be 25m/s.
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3. Results

3.1 Flow field distribution

3.1.1 Flow field distribution of different rotation domain diameters

Rotation speed is 3000r/min, blades number is 6, rotation domain
diameters are Im, 1.5m, and 2m. The gas streamline diagram at 0.6s is shown in
figure5. Rotation domain diameter is Im (Fig.5a), the injected gas flows
continuously along the length direction (x-direction) until it hits the wall. The
airflow is forced to deflect along the wall and then flow in the opposite direction
of the incoming jet, forming upper and lower reflux gas. This phenomenon
indicates that the suction force of the rotating blades on the lower airflow is
insufficient, retaining the inertia of the inlet jet. It extends horizontally for a long
distance and gradually deflects upwards after reaching the wall, making it difficult
to guide the dusty airflow to the outlet in a timely manner. Some dust is easily
trapped in the lower chamber. Rotation domain diameter is 1.5m (Fig.5b), the
injected gas starts flowing upwards at X=0.6m, forming two vortices on the left
and right sides of chamber and vortex intensity on the left side is higher than that
on the right side, exhibiting uneven airflow distribution and asymmetric
turbulence characteristics. The airflow velocity in the top rotating blade area is 70-
150m/s, which is a high-speed and low-pressure zone with the strongest suction
effect. When streamline of the vortex extends to vicinity of outlet, the circulating
airflow will be "cut off" by suction force at the upper part and attracted to the
outlet. In addition, this asymmetry forms a low resistance short-circuit channel
between the chamber and the outlet, and the dusty airflow does not need to remain
in the chamber, but will directly rush towards the outlet along this channel to
complete the escape. Rotation domain diameter is 2m (Fig.5c), the injected gas
flows in a straight line for 0.4m, then deviates by 0.5m in the Z direction and
continues to move forward, forming a large-scale spiral vortex that runs through
the lower part of cavity. The remaining part of the airflow moves upward in a
spiral shape. This is due to the increased turning radius of the outer edge of the
impeller in the rotational domain, which forms a narrow slot throttling effect and
interferes with main upward airflow channel of the chamber. The upward airflow
is blocked and biased, and the airflow in the lower part of the chamber forms a
low-speed stagnant vortex. The dust retention cannot be smoothly discharged
upward, and the capture efficiency decreases.Through the streamline diagrams of
different rotation domain diameters, it can be seen that the size of rotation domain
has a significant impact on the airflow distribution. It can be preliminarily judged
that 1.5 meters is the optimal rotational domain diameter for forming a reasonable
upward suction flow field structure under this parameter setting.
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Fig.5. The gas streamline diagram of different rotation domain diameters

3.1.2 Flow field distribution of different blades numbers

Rotation domain diameter is 1.5m, rotation speed is 3000r/min, blades
number are 5, 6, 7. The gas streamline diagram at 0.6s is shown in figure6. The
blades number is 5 (Fig.6a), the injected gas always flows in the x-direction until
it hits the wall, and then undergoes strong deflection along the wall in the
direction of the rotation domain. The streamlines intertwine and twist with each
other, showing strong turbulent mixing characteristics. This indicates that the
overall disturbance coverage of the airflow caused by rotation in the chamber is
insufficient, and the active suction effect is difficult to extend to the lower iron
outlet area, which cannot effectively guide the upward discharge of dusty airflow.
The blades number is 6 (Fig.6b), injected gas flows out from the inlet and is
quickly guided upward by the suction effect of the rotating blades. The suction
channel is smooth, and the overall airflow flows upward in an orderly manner
along the central area towards the outlet. The blades number is 7 (Fig.6¢c), the
injected gas continues to flow in the x-direction until it hits the wall, and then the
gas forms wall attached flow structure. This is because when blades number
increases to 7, the spacing between blades decreases, and the airflow resistance in
the rotating area increases significantly. Due to the blocking effect of the blades,
the upward airflow is blocked, which is very unfavorable for the upward
transportation of dusty airflow. Comparing the streamline distribution of three
types of blade numbers, 6 blades can ensure sufficient rotational disturbance
coverage without significant airflow blockage effects, and can form a upward
flow field, which is the optimal number of blades under current parameters.
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Fig.6. The gas streamline diagram of different blades number

3.1.3 Flow field distribution of different rotation speeds

Rotation domain diameter is 1.5m, blades number is 6, rotation speeds are
2000r/min, 3000r/min, 4000r/min. The gas streamline diagram at 0.6s is shown in
figure7. Rotation speed is 2000r/min (Fig.7a), most of the airflow in the middle
forms multiple small-scale vortices, and the circulating airflow cannot reach the
outlet. A small portion of the airflow on both sides rises in a curved form to reach
the outlet. It indicating that suction force of rotating blades on the lower airflow
is insufficient at low speeds. Rotation speed is 3000 r/min (Fig.7b) , the airflow
flowing out of the inlet is quickly guided upward by the rotating suction effect,
forming a stable and smooth upward channel along the central area. Rotation
speed is 4000r/min (Fig.7c), its gas flow line is similar to that of 3000 r/min, the
middle airflow rises towards the outlet, and vortices appear on both sides. But, the
flow line below the right vortex undergoes severe distortion and disorder, causing
some airflow to be trapped in the lower part of chamber. Comparing the flow field
structures under three different rotational speeds, it can be found that a rotation
speed of 3000r/min can provide sufficient suction force to guide the upward flow
of dusty air and is the optimal rotation speed under the current parameter settings.
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Fig.7. The gas streamline diagram of different rotation speeds
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3.2 Particle distribution

3.2.1 Particle distribution of different rotation domain diameters

Rotation speed is 3000r/min, blades number is 6, rotation domain
diameters are 1m, 1.5m, and 2m. The particle distribution at 0.6s is shown in
figure8. Rotation domain diameter is 1m (Fig.8a), particles are directly sprayed
onto the opposite wall. Some particles move upwards along the wall, while others
settle to the bottom and gather in the lower right corner. The rising particles reach
the upper outlet at 1.8s. Rotation domain diameter is 1.5m (Fig.8b), particles
begin to move upward along the middle channel near inlet (x=0.6m) and reach
outlet at 0.6s, indicating that disturbance and suction ability of rotating blades are
strongest at this time. Rotation domain diameter is 2m (Fig.8c), particles at inlet
first settle downwards until they touch ground, then start moving upwards at
x=Im and reach outlet in 0.8s. According to the particle distribution map, it can
be seen that particle capture effect is best when rotation domain diameter is 1.5m.
The results of these particle distributions are consistent with the previous gas flow
field analysis, and also verify rationality of conclusions drawn from the previous
flow field analysis.
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Fig.8. The particle distribution of difterent rotation domain diameters

3.2.2 Particle distribution of different blades numbers

Rotation domain diameter is 1.5m, rotation speed is 3000r/min, blades
number are 5, 6, 7. The particle distribution at 0.6s is shown in figure9. Blades
number is 5 (Fig.9a), the particles are directly sprayed onto the wall. Most of
particles settle in the lower right corner, with only a small amount of particles
moving upwards, and finally reach the upper outlet at 1.8s. The situation where
the blades number is 6 (Fig.9b) has been described in the previous section. Blades
number is 7 (Fig.9c), the particles mainly move forward. After hitting the right
wall, most of the particles settle to the lower right corner, with only a small
amount of particles moving upward. And finally reach the upper outlet at 1.0s.
Comparing the particle distribution under three different blade numbers, it can be
found that when blade number is 5 or 7, most of the particles cannot move upward
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in time, and a large number of particles deposit and remain in the lower right
corner of the cavity. The final time to reach the outlet is significantly longer, and
the capture efficiency is low. Only when the number of leaves is 6, can the capture
and discharge be completed in the shortest possible time, with almost no particles
depositing in large quantities in the lower area of the cavity. Within this parameter
range, 6 blades are the most suitable number of dust capture blades.
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Fig.9. The particle distribution of different blades numbers

3.2.3 Particle distribution of different rotation speeds

Rotation domain diameter is 1.5m, blades number is 6, rotation speeds are
2000r/min, 3000r/min,4000r/min. The Particle distribution at 0.6s is shown in
figure10. Rotation speed is 2000r/min (Fig.10a), the particles begin to settle
downwards at x=1, pushing them forward on the ground and reaching the bottom
right corner where they are squeezed and flow upwards. They reach the upper
outlet at 1.4s. Rotation speeds is 4000r/min(Fig.10c), particles distribution is
basically similar with 3000r/min, but there is more particles accumulation in the
lower right corner at 4000r/min. Comparing the particle distribution results at
three different speeds, it can be found that a speed of 3000r/min can maintain
smooth upward movement of particles, minimize particle deposition, and achieve
the best capture effect. This particle distribution is completely consistent with the
flow field analysis results.
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3.3 Capture efficiency of different conditions

Capture efficiency is the core indicator for evaluating dust collection hood
performance. In this article, capture efficiency is equal to ratio of the number of
particles at outlet to the number of particles at inlet. The capture efficiency under
different rotation domain diameters and blade numbers with a constant rotation
speed is shown in Figure 11 (a). As rotation domain diameter and blades number
increase, the capture efficiency first increases and then decreases. When rotating
domain diameter is 1.5 meters and blades number is 6, the capture efficiency
reaches maximum; When rotation domain diameter is 1.5 meters and blades
number is 6, the capture efficiency at different rotation speeds is shown in Figure
11 (b). As the rotation speed increases, the capture efficiency also first increases

and then decreases. When the speed reaches 3000r/min, the capture efficiency
reaches its peak.
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(a)Capture efficiency of different rotation domain diameters and blades numbers
(b) Capture efficiency of different rotation speeds
Fig.11. The capture efficiency of each operating condition

Pressure loss was measured as shown in Figure 12. Pressure loss increases
with the increase of rotational domain diameter and rotational speed. The pressure
losses are 295Pa and 390Pa under rotation domain diameter of 1m, rotation speed
of 2000r/min. In these two operating conditions, the negative pressure in outlet
area is lower and the suction force is weaker, making it difficult to fully suck
dusty flue gas into dust collection hood, resulting in poor dust capture efficiency.
When the rotation domain diameter increases to 2m and the rotation speed
increases to 4000r/min, pressure loss increases significantly, energy consumption
increases, and the flow field stability decreases, which is not conducive to stable
flue gas capture and increases overall operating costs. The pressure loss is within
a reasonable range under rotation domain diameter of 1.5m, 6 blades, and
3000r/min, taking into account both capture efficiency and operating energy
consumption, making it a relatively optimal parameter combination.
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(a) Pressure loss of different rotation domain diameters and blades numbers
(b) Pressure loss of different rotation speeds
Fig.12. The capture efficiency of each operating condition

The optimal structure of dust collection hood was subjected to a industrial
test in a certain steel enterprise. A dust sampling point that meets national
standards is set up downstream of the dust hood exhaust outlet. A constant
velocity sampler (Laoying 3012H) is used to collect dust samples, with a
sampling flow rate controlled at 20L/min. Each sampling point is sampled
continuously for no less than 30 minutes, three times a day, and the average value
is taken as the daily dust concentration. The experimental results showed that after
installing the new dust hood, the actual measured dust capture efficiency reached
92.3%, with an error of less than 2% compared to the 94% capture efficiency
obtained from numerical simulation, verifying the reliability of the simulation
results. The dust removal effect is shown in Figure 12.

Fig.12. The Dust removal effect on production site

3.4 Discussion

Wang[12] used the realizable k-¢ model to simulate capture efficiency of
traditional dust hoods at different positions. Lv[13] used the standard k-e model to
investigate capture efficiency with different opening angle of traditional dust
hoods. Geng[14] used realizable k-¢ model to simulate the effect of dust hood
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height and size on capture efficiency. The above research focuses on stable flow
of airflow inside the fixed dust hood. This study addresses the pain points of weak
suction, poor adaptability, and low particle capture efficiency of traditional fixed
dust collection hoods at blast furnace tap holes. A top rotating blade type
composite dust collection hood is proposed, and the SSTk-ow+DPM numerical
simulation method is used to reveal the internal mechanism of enhanced dust
removal by rotational disturbance from the two dimensions of gas flow field
structure and particle capture. This provides theoretical basis and engineering
reference for optimizing high-efficiency dust removal equipment at blast furnace
tap holes. The active forced vortex generated by rotating blades and the
superposition of negative pressure in the system are the core driving forces for
reconstructing the flow field and improving dust control capabilities. In this study,
the particle capture process is highly coupled with the flow field structure. The
excellent flow field provides sufficient suction, stable upward channels, and low
resistance paths. The particles change their inertial trajectory, shorten their
residence time, and reduce bottom sedimentation under strong drag and vortex
effects, achieving efficient capture. The active disturbance technology of rotating
blades has broken through the efficiency bottleneck of traditional static dust
removal hoods relying on passive negative pressure, and is more suitable for the
complex working conditions of high temperature, high speed, and instantaneous
high concentration at the tap holes of blast furnaces. The optimal matching
relationship between rotation domain diameter, blades number , and rotation
speed has been clarified, revealing the inherent mechanism of "vortex
enhancement-flow field optimization-particle controllability-efficient capture",
providing a quantitative basis for the design and operation of rotary dust removal
equipment.

3.5 Limitations

This study is the first to apply the active disturbance technology of
rotating blades to the dust removal of blast furnace tap holes, filling the research
gap of dynamic dust removal technology in this field. However, there are still
certain limitations in the research: firstly, the temperature changes throughout the
blast furnace tapping process have not been considered; Secondly, long-term
testing of high temperature resistance and wear resistance of blade materials has
not been conducted, and the durability of industrial applications needs further
verification; Thirdly, the energy consumption of the rotary drive system has not
been finely optimized, and in the future, it can be further reduced by combining
variable frequency control to lower operating costs.The exploration and resolution
of these issues will help promote the wider industrial application of this
technology and contribute to the clean production and sustainable development of
the steel industry.
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4. Conclusions

This article improves the traditional dust collection hood by setting up a
rotation domain with blades on the upper part, using the SST k-o turbulence
model and DPM discrete element simulation technology to numerically simulate
the airflow streamline distribution, particle distribution, and capture efficiency
under different rotation domain diameters, blade numbers, and rotation speeds.
Obtain the following conclusion: Airflow disturbance increases the suction force,
and the magnitude of the suction force directly affects the movement trajectory of
dust particles; Strong suction force can more effectively draw dust particles from
the vicinity of the pollution source and promote them to move along a
predetermined path towards the outlet, increasing the probability of particle
capture; On the contrary, if the suction force is insufficient, dust particles may
settle or diffuse due to their own gravity or other steady airflow, resulting in a
decrease in capture efficiency; Under the optimal combination of structural
parameters in this study, when the rotation domain diameter is 1.5 meters, blades
number is 6, and rotation speed is 3000 r/min, the disturbance in the flow field is
most sufficient and the suction force is most strong, resulting in the highest ratio
of particle quantity at the outlet to the inlet, the peak capture efficiency reaches
94%, fully reflecting the important influence of fluid structure and particle
dynamics on capture efficiency. This study has made significant progress in dust
removal technology for blast furnace tap holes, but there is still space for further
deepening and expansion in material reliability, energy consumption optimization,
dust resource utilization. The exploration and resolution of these issues will help
promote the wider industrial application of this technology and contribute to the
clean production and sustainable development of the steel industry.
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