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Abstract;  To mitigate dust dispersion during electric shovel excavation and loading operations, an

externally mounted high-pressure air curtain closed-loop jet dust removal system was designed. This system
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isolated dust generated during dumping operations at the shovel front from the surrounding environment,
creating a low-disturbance zone. When only the airflow system was activated, dust was drawn into the
negative-pressure dust collection port through a predetermined closed-loop path via the combined action of
jet outlets and the collection port. Subsequent activation of the spray system intensified droplet
fragmentation under high-velocity jet impact, enabling thorough mixing of mist particles with dust-laden
airflow before settlement. Numerical simulations were conducted to analyze the shovel’s external flow field
characteristics and droplet distribution during system operation. Four jet deflection angles were evaluated to
determine optimal flow field distribution. Simulation results show that the optimal closed-loop entrainment
is achieved when the jet velocity is 30 m/s and the deflection angle is 30°. Spray activation enhances
droplet fragmentation through high-speed airflow impact, significantly improving dust wetting coverage in
front of the shovel body. Airflow field simulations were confirmed through smoke visualization tests showing
high similarity to observed flow patterns. Dust concentration measurements after spray activation

demonstrated the best dust control effect around the shovel when the jet deflection is 30°, verifying the

simulation accuracy of the external flow field and establishing optimal operational parameters.
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