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Fig.1 Working schematic diagram of the blowing-

suction coupled dust removal system
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Fig. 6 Airflow distribution under different jet velocity
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Fig.5 Cross-section of roadway airflow velocity at different jet velocities
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Fig.7 Cross-section of airflow velocity at different jet outlet deflection angles
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Fig.8 Airflow distribution in horizontal and vertical cross-sections for different jet outlet deflection angles
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Fig.9 Airflow distribution on both sides and upper central cross-sections of the dust collection device
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Numerical analysis and experimental study on the external blowing-

suction coupled dust removal system for roadheaders
CHEN Jingxu'??, CAO Chengfu' , ZHAO Jiacheng', JING Deji*, LIU Yejiao'**, ZHI Yongkai'

(1 School of Mining and Coal, Inner Mongolia University of Science and Technology, Baotou 014010, Inner Mongolia, China;
2 Inner Mongolia Key Laboratory of Mining Engineering, Baotou 014010, Inner Mongolia, China;
3 Inner Mongolia Research Center for Coal Safety Mining and Utilization Engineering and
Technology, Baotou 014010, Inner Mongolia, China;
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Abstract: This paper proposes an external-suction coupled dust removal system for roadheaders, integrating air curtain dust isolation,

spray dust suppression, and negative pressure dust collection technologies. Employing a combined approach of numerical simulation and
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experimental study, this research analyzes the airflow field, spray effectiveness, and dust removal efficiency under the system’s operating
conditions. COMSOL Multiphysics was utilized to establish the geometric model of the mining roadway and the roadheader’s external
blowing-suction coupled dust removal system for simulation calculations. A gas-liquid coupling model was developed based on the
Realizable k — & turbulence model and the fluid flow-droplet atomization model to investigate the effects of different jet outlet wind speeds
and deflection angles on the airflow field, as well as the movement trajectories of spray droplets under varying jet outlet deflection
angles. Simulation results indicate that at a jet outlet wind speed of 30 m/s, a stable and effective jet air curtain can be formed. The
optimal flow field entrainment effect occurs at a jet outlet deflection angle of 17°, wherein the spray droplets achieve maximum coverage
area on the roadheading face. Experiments were conducted with test parameters aligned with those in the numerical simulation; (1)
Flow field observation tests revealed that as the jet outlet deflection angle increases, the flow field entrainment effect first enhances and
then diminishes, achieving its peak at 17°. When the angle increases to 19°, airflow directed towards the roof and sidewalls
significantly reduces entrainment performance; (2) In the dust removal test design, the system was configured with a jet outlet wind
speed of 30 m/s, deflection angles of 13°/15°/17°/19°, and a spray pressure of 4 MPa, followed by dust removal testing after stable
operation. Test results indicated that when the external blowing-suction coupled dust removal system is activated at a deflection angle of
17°, the dust mass concentration decreases from 637. 8 mg/m’ to 44.2 mg/m’ | achieving a dust removal efficiency of 93.08% . This
represents increases of 24. 19 percentage points, 18. 78 percentage points, and 5. 71 percentage points compared with the air curtain-
only, spray-only, and “air curtain + spray” groups, respectively, outperforming dust removal effects observed at other deflection
angles. The findings demonstrate that the dust removal efficiency of the external blowing-suction coupled dust removal system for
roadheaders significantly surpasses that of traditional single or combined dust removal technologies, providing a solid theoretical
foundation and robust technical support for efficient dust removal in roadheading operations.

Key words: safety and hygiene engineering technology; high-pressure fog curtain wall; blowing-suction coupled; dust removal system;

roadheaders
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