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Fig.1 Structural composition of water jet lifting mining mechanism
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Fig.2 Effect of water flow on the floor
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Fig.3 Simulation model of small hydraulic

mining mechanism
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Fig.4 Velocity distribution cloud diagram of flow
field in the whole region during the operation

of small hydraulic mining mechanism
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Fig.5 Velocity streamline and particle distribution

cloud diagram of small hydraulic mining mechanism

B 6 S /B K g AT AU A% 0 i 5 X SRS [
UK Po R B0 % 8 o Az B T R

HE/ (n/s)

0.000E+00 2.859E+00 5.718E+00 8.577E+00 1.144E+01
(a) Py=110 kPa

HE/ (m/s)

0.000E+00 2.859E+00 5.718E+00 8.577E+00 1.144E+01
(c) P=90 kPa

HE/ (m/s)

[ S uEEEssre— |
0.000E+00 2.859E+00 5.718E+00 8.577E+00 1.144E+01
(e) Py=60 kPa

S P S 4 HIL AL 5 A i 6 A T o A ] i A AT R
7N o Ry S UL M A B 2 S L ARG BT AT BT A A
AL R 45 TET 38 8 Sl — B R (A

FIET 6 711, DA R A0l 442 MBS A8 1 10 A 3 o g
AR EIL S W . ARG KET 8RS
AT WD 2900 5 7K 850 e I S 39 5 5 B R
4 5 A EL AT S AR B0 U T, ELR 8 5 1) B R T AUR 1]
i 6 I AR 32 Bl 5 S R K R BN S RIE AR
HR ) TR R P B A TR . BT
U AEE A i a8 38 T8 1R BEIA B 6 m/s L AR
U Mo S BR AR R IR A 25 . A T T A T 3
bt 25 7K s PR oAV 7 R ATK 5 00 B 7K TR AE 80 kPa K LA
32 B AE L AR £ 4 Jm 45 4 Ok 2 B A
B B R 5 R BIOR

HE/ (m/s)

g T — |
0.000E+00 2.859E+00 5.718E+00 8.577E+00 1.144E+01
(b) P,;=100 kPa

HE/ (m/s)

0.000E+00 2.859E+00 5.718E+00 8.577E+00 1.144E+01
(d) P=T75KkPa

HE/ (m/s)

0.000E+00 2.859E+00 5.718E+00 8.577E+00 1.144E+01

(f) Py=50 kPa

6 AEVMBKETRBEESHEE

Fig.6  Velocity distribution cloud diagrams of flow field under different initial water pressures
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Fig.7 Distribution cloud diagrams of rising velocity under different initial water pressures
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Fig.10 Pool test of small hydraulic mining mechanism
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Fig.11 Offshore test of small hydraulic mining mechanism

E12 REMNZEEZEZHER
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Design of Small Hydraulic Mining Mechanism for Polymetallic Nodules Based on CFD-DEM
LI Jun'?, CHENG Yangrui'®, ZENG Xuan', PENG Jianping'
(1.State Key Laboratory of Exploitation and Utilization of Deep Sea Mineral Resources,
Changsha Research Institute of Mining and Metallurgy Co., Ltd., Changsha, Hunan 410012, China;
2.Central South University, Changsha, Hunan 410083, China)

Abstract: In order to meet the power and quality requirements of the equipment carried by the scientific research ship, a small
hydraulic mining mechanism for polymetallic nodules was developed using a single pump to supply water for the capture nozzle
and the conveying nozzle. CFD-DEM software was used to carry out the simulation analysis of the flow field characteristics and
the collection rate of small hydraulic mining mechanism, and the pool test and the sea test were carried out. The pool test
results show that when the collection width is 0.3 m, the collection power is 4.9 kW, and the water pressure of the main
pipeline is 58 kPa, the collection rate of simulated nodules is 75% , which meets the design requirements. A total of 19 kg of
polymetallic nodules are collected in the sea test, which verifies that the mining mechanism has good collection function and can
reduce the power and quality of the equipment. The research results can provide reference for the design of similar mining
mechanism.

Key words: Small hydraulic mining mechanism, Polymetallic nodules, Deep sea mining, CFD-DEM





