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Effect of Particle Settling Characteristics on Plume Diffusion in
Density-Stratified Environments
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Abstract: To explore the lateral diffusion law of particle plumes resulting from a midwater discharge of sediment during
deep-sea mining, effects of terminal velocity of settling particles and seawater-buoyancy-flux ratio of discharged fluid on
plume diffusion process in density-stratified environments was studied by adopting large-eddy simulation. The numerical
model was validated based on water-tank test, and it is found that the average relative error of the lateral diffusion radius
for single-phase plumes is 2.94% , and the average error for particle plumes at stable stage is 5.3%. The results show that
particle settling decreases the residual buoyancy of plume and diffusion layer moves upward. The lateral diffusion radius
tends to stabilize after an initial increase with the growth of terminal settling velocity, and the corresponding
dimensionless parameter at the critical terminal settling velocity is w_ /U, =~0.1. The lateral diffusion radius reaches its
minimum value when the density of discharged fluid is close to that of ambient seawater (P=0). This study provides
theoretical support for quantitatively optimizing parameters and controlling environmental impact of tailings discharge
during deepsea mining operation.
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