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The nodule pick-up device is a core component in the deep-sea mining system because its collection performance dra-
matically impacts a project’s economy and environmental disturbance. The conceptual design of the device should consider
economic, technical, and environmental aspects. However, there are few effective research methods for hydraulic nodule col-
lection, as the flow field near a pick-up device is particularly complex with complicated flow boundaries and large Reynolds
numbers. In this paper, an experimental system for studying nodule collection is designed and established. Two hydraulic
pick-up device models based on suck-up and Coandă-effect methods are proposed and investigated. The particle image
velocimetry (PIV) technique and the numerical method are used to obtain the collection flow’s velocity distributions. The
results show that the simulated velocity distribution is in good agreement with experimental results. The numerical method
based on the realizable k-� two-layer (RKE 2L) model is validated as feasible to predict the hydraulic collection flow. In
addition, factors that may affect the accuracy of the two research methods are discussed.

INTRODUCTION

As core research in deep-sea mining indicates, great attention
has been paid to efficiency and reliability in collection perfor-
mance and optimization schemes of manganese nodule pick-up
devices. Hydraulic collection methods with technical application
prospects have been developed and studied, including the suck-
up-based method, Coandă-effect-based method, and double-row
hydraulic sluicing method.

The hydraulic collection problem is very complicated, as it
is a multiphase flow problem at a large Reynolds number with
complex boundaries. Experimental methods are usually adopted
for preliminary exploration and verification. Hong et al. (1999)
studied double-row hydraulic sluicing pick-up device performance
through a series of experiments. The operating condition assur-
ing high pick-up efficiency was identified. Cho et al. (2019) con-
ducted a lab test to investigate the collection efficiency of the
Coandă-effect-based model; design variables including the nozzle
configuration (h), the radius of the collector plate (R), and the vol-
umetric flow rate (Q) were considered for the design optimization
of the collecting device. Hu et al. (2020) studied the mechanism
of the suck-up-based and Coandă-effect-based model using the
particle image velocimetry (PIV) technique. Velocity distributions
and streamlines were obtained and analyzed. In addition to the
experiments, numerical analysis has been applied with a promise
of reliable results. Zhao et al. (2018, 2019) conducted numeri-
cal and experimental studies on the characteristics of collection
flow and suction force acting on a spherical particle. Experimen-
tal results validated the feasibility of numerical simulation based
on the detached eddy simulation method based on shear stress
transport (SST-DES) model for predicting the suction force.
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However, there are few systematic and detailed introductions to
experiment setup, numerical methods, and considerations regard-
ing research methods of hydraulic collection. In this paper, exper-
imental and numerical methods are applied to study collection
flows, which are induced by two pick-up device models based on
the suck-up-based and Coandă-effect-based methods. The exper-
imental setup and numerical simulation models are presented in
detail. The simulated flow velocity distribution is compared with
experimental results. Furthermore, a few research methods for
accurately obtaining flow field information in the hydraulic pick-
up devices are discussed.

HYDRAULIC COLLECTION MODEL

Geometric parameters of the two different nodule pick-up
device models are established based on prototypes previously
tested in sea trials. The numerical models and 3-D-printed test
models are shown in Fig. 1. The suck-up-based model was de-
signed by referring to the pick-up device used in the OMA DEEP
SEA MINER II tests during 1977–1978 (Kaulman et al., 1985).
The Coandă-effect-based model was designed per the optimal
parameters proposed by Cho et al. (2019).

The models’ scales are specially designed to compare the mod-
els’ flow field under almost the same condition, while meeting the
capacity of the experimental system. Both models’ width w is set
to 0.3 m, and the bottom clearance h (the vertical distance from
the bottom to the lowest point of the conduit in the suck-up-based
model, and the lowest point of the curved plate in the Coandă-
effect-based model) is 0.03 m. More detailed parameters for the
models and simulation cases can be seen in Fig. 2 and Table 1.
Local coordinates are established in two models. The origin of
the coordinate (the point x = z= 0) is located right below the rear
mouth of the conduit and on the bottom, as depicted in Fig. 2.

DESCRIPTION OF EXPERIMENT SETUP

An experimental system was developed at the State Key Lab-
oratory of Ocean Engineering at Shanghai Jiao Tong University,
as shown in Fig. 3. The system mainly consists of a glass water
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