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Abstract: The collection of seabed ore particles is a critical phase in the development of deep-sea mineral
resources. The wall-jet nodule-collection device has significant engineering value due to its high collection
efficiency and minimal disturbance to the surface sediment of the seabed. In this study, high-speed imaging
and computer-based image processing techniques were employed to investigate the influence of the jet
Reynolds number (Re) on the dynamic behavior of ore particles. Based on Particle Image Velocimetry (PIV),

the impact of Re, height-to-particle-diameter ratio (4/d), and jet thickness-to-particle-diameter ratio (b/d) on
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the distribution characteristics of the mining flow field were analyzed. The experimental results reveal that
ore particles demonstrate distinct movement characteristics in different regions of the collection flow field.
These regions are categorized into a translation zone, a startup zone, and a continuation zone. Under the same
Re, in the range of 1.5 < h/d < 2.25, decreasing //d had a limited impact on the flow characteristics near the
lowest point of the convex curved wall (y/d = 0), and facilitated ore particle entry into high-velocity gradient
flow regions near the wall, thereby effectively promoting particle elevation. Under the same Re, for the range
of 0.1 < b/d < 0.4, reducing b/d increased the velocity gradient of the high-speed flow region near the wall,
and enhanced the vertical lifting force on particles, improving collection efficiency. This study offers valuable
insights for the design and engineering application of new, efficient, and low-disturbance collection devices.

Key words: deep-sea mining; polymetallic nodules; wall-jet; particle motion; particle image velocimetry
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Fig.9 Maximum dimensionless flow velocity on the monitoring line for different Re
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Tab.4 Values of c at the lowest point of the convex curved wall and v,,, on I, for different h

—~ Vmax ™ Vmax c—C

'z i/ mm Vinax —(%) FHk$ic / mm —(%)
Vmax
1 30 2.59 4.92 5.94 —0.02
2 35 2.46 -0.28 5.88 -0.98
3 40 2.43 -1.60 6.52 9.76
4 45 2.41 —2.46 5.59 ~5.89
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WE 11(a) FiR, FER FLWEINZE 1 1, RIR] b/d 25400 F )G 5 4090 3 o0 A1 2R 7E y/d = —0.29 4bAH
B2, T LU R A0SR VT BE TR 9 X5 (—0.29 < y/d < 0), BEE bid TG, VI W08 /)N, 75 IE B B T 1Y)
XIH (0.8 < yid <—0.29), Ffi%5 bld HIMGR, VIBZWIHE K . X FBH, BRI S 0= B AR T I A4 A B 1
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TR SRS DX I T AR, SO (RN, A TR



436 AT WA 5530 55 3

0 — X R
4] 168 037
~0.251 —— b/d=0.1
——b/d=0.2
—-0.50 /d=—0.29 34 ——b/d=0.3
0.50 Y ——bld=0.4
= -
2 -0.754 —— b/d=0.1 - Jd=1.86
- —— b/d=02 21 ¥
—— b/d=0.3
~1.001 —— bld=0.4
1.
125+ -F-------— 1.25
-1.50 , , . 0 . , , . ;
1 2 3 4 -2 0 2 4 6
v x/d
(a) BHWIINLE [, (b) 7KWk 1,

11 A b/d T Wi £ b I 5 20 i 3 534
Fig.11 Distribution of dimensionless flow velocity in the monitoring line for different b/d
FRE— DT SE IS B X R AR, SR 1 b R RT3 T I T BE B AT A A S U
58 ¢, ST bld WISCHR . T 12 B, BEAE bld BYBEIN, Vo B TREAIG, RPN AL R ¢ BT
Thims, RIVHIELMEC R . W LG, 52 R R T

Viax = =5.70b/d +4.34, R* =0.995 6)
c=10.27b/d +3.06, R* =0.953 @)
PG GE R L], e R SR T, D0/ N IR 2 (A 5 U e R 1 e, LS5 S At 3/ B 1y, DA

AR AT S0P, S B0RE 1 e B i) it Ul S DRI U N I 5

4.0 8

1 ;";33;59'570”“”4'34 =10.27b/d+3.06
=0 R*=0.953

3.5
L) h“)max _6
AT Y S T Y g
i~ A e S
— CiREREIA; S
2.51
A -4
2.0 T T T :
0.1 0.2 0.3 0.4
b/d

12 b/d 3 1) Lv A R BE R AR A5 ¢ BRI

Fig.12 Influence of b/d on v,,, along /| and on ¢ at the lowest point of the convex curved wall
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