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Abstract: With the rapid advancement of deep-sea mineral resource exploitation, there is an escalating demand for enhanced
technological capabilities in equipment. The design flaws of the flow channel structure caused by the complex fluid-solid
coupling effect of the polymetallic nodule hydraulic collection device have significantly reduced the nodule capture efficiency,
seriously restricting the commercialization process of deep-sea mining. In this paper, for the widely used dual-row jet and wall-

attached jet devices, based on the shear stress transfer k- turbulence model and the numerical analysis method of the discrete
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element method(DEM), the flow field distribution, particle movement law, and the compatibility of the collection head with
the variable cross-section flow channel of the two hydraulic ore collection methods were explored. The findings reveal that
both collection methods exhibit increasing transport rates with elevated jet velocities, and the collection efficiency
demonstrates limited sensitivity to jet velocity variations within certain ranges. Flow channel configuration emerges as the
dominant factor affecting collection efficiency. The dual-row jet configuration achieves only 80% collection efficiency due to
vortex-induced flow field heterogeneity, particularly at the flow channel inlet region where efficient nodule collection is
impeded. In contrast, the wall-attached jet configuration demonstrates superior nodule collection efficiency of 95%,
attributable to its uniform flow field distribution. Comparative analysis under identical structural dimensions and hydraulic
parameters confirms the wall-attached jet’s advantages in both ore collection capacity and flow channel compatibility. This
study proposes that commercial applications of dual-row jets should prioritize vortex mitigation strategies in flow channel

design. The presented findings provide references for optimizing structural configurations of efficient deep-sea polymetallic

nodule collection devices.

Keywords: deep-sea mining; hydraulic collection; flow field analysis; ore-collecting capacity
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Fig.1 Schematic diagram of flow field and nodule
movement of jet collecting ore
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llection device
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collection device
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Fig. 7 The movement of particles inside the double-row jet-collected flow channel at different times
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collection flow channel under steady state
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