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Table 1 Important design parameters of six-stage centrifugal pump

Parameter Design value Parameter Design value
Design rated flow/(m’-h™") 420 Impeller inlet diameter/mm 235
Rated head/m 270 Impeller blade angle/(°) 110
Rated efficiency/% 52 Inlet mounting angle of diffuser/(°) 12
Rated axis power/kW 680 Outlet mounting angle of diffuser/(°) 85
Maximum particle diameter/mm 20 Wrap angle of diffuser 95.5
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Table 2 Interaction parameter

Type of Recovery Static friction R(')ll?ng
. . friction
contact coefficient  coefficient .
coefficient
Particle-particle 0.45 0.28 0.01
Particle-wall 0.48 0.10 0.01
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Fig. 2 Fluid domain grids: (a) Overall view; (b) Local zoom
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Fig. 3 Effect of flow rate on shaft power
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Fig. 4 Effect of flow rate on total head

T, UKL E L T A ZE UK, U S AR A N
(8] FEAR AR, BORLAE R A I RENLIZZh A % . 2

Velocity/(m+s™)

5(c)PTLLE R, RGOy, IR A ROR A R
ERLLF, ORCRCRURL LIS, I “ U R,
TIURL IR TR At EE I 5], AR (i s A 5
5, FIASRIBCRMEE .. BRI, fERERN
I, FIURLEY B I L 2R SIS

2.2 HRIRAKIREH Rk

WS P S RO IS SR I L R 3R . YRR
KB, 1A RGHCRAC: RS M, A RAE
Gy RKAKIRIETE . IRIERT RGMIRTE RGOt
WL N 5%(pp),  EVORE (7R FLIR B (0p) N
5% (R HTHRAEEN X530 X, FHV A
FE 7] — DX A A A 5, B DALE — 28 T
BUT 22 B SR ik FE I Kt o, EEaidid 2 %,
BIIAF] 10%(pp), R L8 T8 A 58 T ASRAS A i
THFRIRFRGRE, T RS M it/ T
o

B 6 BT AT E B AN AUE Vi I i AN R IR
FEE AT 2R B (10252 P SR P, DT Aofs P ) SR i 47
et llon. Bl 6(a) kI RAATIREN 5%,
B 6(b) izt I SARARIR E 9 10%. XFEEATRAK
B, R EERE ORI, 22 P4 UKL Rzt U OR A
— B, BRI BRI SRR, 2 N R 3 A B
VR PE IS RAR Z AR . JIURL (1) FE AR A B AR —
B, WA T N s 5 320, W] L B 6(b)
I DAY )RR ek T R I AR KT AR 2R . AR
T TERRIA NG = A 2 RE AR IR R, FE AR

2.0 5.0 8.0 11.0

14.0 17.0 20.0 23.0

5 /A [RI I  RURL fik ) R

Fig. 5 Effect of flow rate on particle transporting: (a) 420 m*/h; (b) 200 m*/h; (c¢) 700 m*/h
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Fig. 6 Particle distribution in pump with different concentrations of slurry: (a) ¢,=5%; (b) ¢,=10%
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Fig. 7 Particle transport distribution in pump containing extremely large particle size slurry transport: (a) Colored by

velocity; (b) Colored by diameter of particles
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Table 3 Particle size distribution of nodules
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Fig. 8 Reflux of particles with size of 5-20 mm in centrifugal pumps: (a) Simulation of particles at 25 s; (b) Simulation of

particles at 50 s
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Fig. 9 Reflux of particles with size of 10—40 mm in centrifugal pumps: (a) Simulation of particles at 20 s; (b) Simulation of
particles at 35 s
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Fig. 10 Simulation of particle reflux blockage at 27 s: (a) Overall situation; (b) Details of blockage area
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Table 4 Important design parameters of six-stage centrifugal pump

Flow rate/(m™h™")  Slurry mass concentration/% Experimental head/m Numerical head/m Error/%
468.31 10.01 97.17 98.24 1.13
425.42 15.92 99.42 101.45 2.04
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sieve

B 14 RRRKRS

Fig. 14 Reflux test systems: (a) Overview of the test system; (b) Field trial diagram
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Table 5  Comparison of simulation situations and
experimentation
Total mass/  Residual Recovery
Result kg mass/kg rate/%
Numerical 50 0.07794 99.84
Experimental 52.5 1.25 97.6
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CFD-DEM coupled simulation and experimental study of
deep sea lifting mine pump under extreme working conditions

HU Qiong"?, CHEN Jun"?, DENG Li-wen"? LIU Shao-jun" >

(1. School of Mechanical and Electrical Engineering, Central South University, Changsha 410083, China;
2. State Key Laboratory of Deep Sea Mineral Resources Development and Utilization Technology,
Changsha 410012, China;

3. Shenzhen Research Institute of Central South University, Shenzhen 518057, China)

Abstract: The deep-sea mining lifting pump is a vital equipment in the deep-sea mining system, whose form is a
multi-stage centrifugal pump, which is responsible for lifting the slurry containing coarse particles to the water
surface. The internal flow in pump is the complex coarse-seawater two-phase flow, and it is difficult to observe the
internal flow characteristics through ordinary tests. Through CFD-DEM coupling simulation, the flow
characteristics in the deep-sea lifting electric pump are obtained when the pump is conveying thicker slurry or
slurry with extremely big particles, and working under unrated flow rate or when electrical system failed.
Experiments with clean water and slurry were carried out to verify the correctness of the simulation. The pump still
has good conveying and reflux performance when the flow deviation is 50%, the particle concentration exceeds
100% than the rated one, and the maximum particle size exceeds 100%.
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Foundation item: Projects(2016YFC0304103, 2019YFC0312405) supported by the National Key Research
Development Program of China; Project(2021JJ30824) supported by the Natural Science
Foundation of Hunan Province; Project(2020GK1020) supported by the Major Science and
Technology Program of Hunan Province

Received date: 2021-07-21; Accepted date: 2021-08-31

Corresponding author: DENG Li-wen; Tel: +86-13880280823; E-mail: livedeng@csu.edu.cn

(i )



