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Fig. 1 Schematic diagram of five different flow patterns in-air lifting pipeline: (a) Bubbly; (b) Slug; (c) Churn; (d) Annular;

(e) Mist
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JIPETHEE I E R R K RS TEN 2.5 £, &
FHE RS AT & 3 I T BURE A4 &
HOGHE 18 2R G810 A BORERAT VM AR SR i 1) 32 4T
A RAR KA. RN, X F R EREIE R
Gifia, 1 m NAEKSIRAEEMETH 04 m
WARK FIEE T TE ) 6.25 %5 M H BRA MR 3T
KB, HEATIETEFR NS IR T TEHE R A
SRS b, REMEIT ECANAE Im

PIARAEIN R, (B T2 EE, TmA
BRHISLER T 6000 m LA RIS ATHAE T &
NEH -
232 RGREEMFETT I

AT T AT 50, BHREA ORI 2 & B 45 7%
FVRRG T %R, RASIIRFA A, EET
B 0 9 A O R A AR R B R 3%~4%, 1T
IK FIHEFH I B BCR F (0 e FE IR iR B 2 15% /i A o
XEWA, MR RS R S5 % 21 T,
S 175 T BRI AR B T 7K 175 50
P LUREEL %N B IR ERE NS, X HEk
FHRARFA TR T EZ R I . KR TN
N WEERBR b, RJRF RGN AR —RAE
15%LAN, MK FIRTHIRCR AT ik 40% L P27,
R 2 & 8 G515 T RAE L ) 3 B TAE ™ 50 N5,
55— DR IR I A i BURCR AL RN ML L,
RGBT ML 1 S5 0N TR B % B
6000 m LA_EfFSRA A L, I B % RSN E
—ENRERSG 10 54, REHERENEE
WES RN E S R ANEN S SN S N
P o RART RGHIEREAL. FETHRCRARTT
RE A LA B R A

FAN, K KIR T B R M T AR =1 e
B, JFH TR REER R KRS R R EKR,
5 I JE B 325 1) SR A A 14D T 7K R [ 9 38 o~
N ECH 28T RRE IR E %, R8T 7
XK IIETHIE T 2 K BRE M, Fk, 7R
EHFEHE Z R R LLHEBUR K, XS T IT
I —NAF 5o
233 RGTRERRTHRE I 15 TH Y L

ARG 360 t/h(IE R ) At R IR 4E
FEE 300 /5 t T4 AR AR AL B AR R LT SR I,
B0 525 FE B K R G 1) 45 1% BRE LA T A R 3L
AR ER SRS IL, $2FF RGU LR 1N 2 H &
360 t/h [P~ RESETHBE S0 T FRENRTF RGN S,
B 177 RE A SR BESR T K A& . VAR ) A2 A
MBS, A, R 1 PREgERE, SRR
IR IR E st T RERE Y 15 m/s I SHE T S 800
T8 P IRARIR I R AE o X R B T AR i B (L4
RIFEKE. R, SRNDIRES NS R
R4, HraeZ2IECKMIBRE], HMELUEF. e
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KIRF R G, wJLUEHNIRIRE .. RAMES
FELCBLTE A TE A R Y, SEI R G REI R KR
Ft.
234 RGUNRBRDRAL T T ELEL

SRF R G, BRI TCAT B A5
BRI, [RIAE 4546 77 TH AN AE B K RURERL A2
PR 1) R, ELRT T A 20 BT AR H, RORERL AR R K B
TReEMOK, Kk, RAPRHIERZWEAGET
KPS KT R GiH, HTRARhEE 2,
RORCRLAR I K2 5 5| IR (M 3a 2E, DRI 2 IR il B K
FEERRLAR . EX TR R RGNS, BN
RERFT U IRIE RSP BR, RVFRR R E R 2
R, FHik, T2 EREE&EITR RS,
EN PR WALi 520Uy Y WAk i) R he b vk vk o]
AEAN 2 IR LE 20~40 mm 2 [A] .
2.3.5  RGIBHHEFIBURL B 7 THI 1) L

w BRI, SO E B O EAR K HLJCkE
TS HNEIREE AR, AT DO HnNE S5 %00 5 B 24 A
TEAEIEZE N, K IIRT RGN E RSN E
Fe FHEWREK, M HFEHE R RN B
VN =S ERRNIELY 7 VRS R EYS il = REERIR A iR pTiBNS
MBI, F, 208 THI A7 LR By 3 AT [m]
(i), T HLZ AT A4 2E I KU & A AE

T T 43 T )38 T ok ol A PP R S R .
or 5 A T 1) G AR R K T A 2k A A R R R
b, GBI ECH S AN FR 5 YL, AR S
K N 7K D382 2 40 2R 3G IE 3 R it 18 5 2R 46
JEER,  SEAZAE TR P R AT ot LG N T
BN, ATTEVEE RS FIURL [ i 2 2 /K D132 7
A —AN AT

3 REZEREHEWIREHFR
GrEART R KA IER 5%

3.1 REZEREHBUFRKTEERA RS
XSS Ay
PAEEEB AR Ml TR R ARG, 2T
RILMUK ST HRT A HA e, BLRERE,
T BT AR T K 38T, X R IR &
e NMEEWFEEBRR. Ho, TNRIEER
SRR, R I LS . AL, K 53R T+

ARG Z SRERITR RGN ERBEARTE. K
SCARHE TR 13RI 7 SORAT IR 2 &R 45 %
W I RIET R G T it

RICH 1T OHT T IREZ &R IR
SHRFF RGN ER, FEESIOESZIET 8
360 th(IR45H%) KRN 6000 m 2, 2.2 Fithodr
TR RFM T KORATETEESHE R
GUHERERIR R, fEMIERE -, TGRSR
R KK T T B R R A RAT IR
wits

1) FRHNERAR S K IR T T

RIEEERGE R, R 2 & B4R —RAE
2~8 cm Z[8], HRRIAZATIA 20 cm. 558 & ERY
MRIERERL RS, —BAEREN Z SR E
et Jo P AT Amids . WORTFTIR,  BURLRLA 8K T 75
PTFRERR, (R KN SURFIFH P [l
g PR R, EERE 2 &R ST R E E
T+ R G B HIERAE A 35 mm.

K 3 B TH I B 8 A R B 126 A AR ) T
FE AR TR FR TR i e B . TAE b, —f
BRPE T B 2R 300 I R 4 B2 T R 1) T P Sl
J 3~5 1500, R (4) A R IR % &R S5 A% M T R
RN, BB KENERAR d=35 mm A (4),
A EAE W=0.72 m/s, BTSRRI T E
v BA) 2.16~3.6 m/s, ARWITHLRGK ST+ H
N 3.6 m/s.

2) LREH RS HTERIN AL IR FE IR L

HH 5wl K35 s SRR A ARk
FE 15% 77 45 B 22 G0k B e i B A%, Tk
B INI RGUSEFUEA B N KRN
UL R PS5 3 N R 45 1) e A R i R, 3R(5)
ATDARREIX —rio Mk B —ERREE G, PR
FERIZR SRR, RARFAFFHERRE N, MR
GUSCRIGINA KEL A TR Bk, KA &R
VLTI, BORLARIR B RS H R RAME
AL IR R B2,

FAL, T AR E IR R G, BRI
FUREME G, REMFEERERRSE T, HX
ESawL

__9
QL-—;)C ()

S v
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Xt O N RGEEZIRTE 7 RE, 360 th B4 1%: O
NI, mi/he TARTES S B R GK
TR, AR T DUy {8 R I LR 1 T AR

D, =[%] ®)

v

m

1E BB TH AR O 8 S8R T, U
A R RIR 2 BT AR R AR AT R
T2, CLRH B R SRR E A E AR OLE DP,

3) W2 &R A% IT R K 13T R G0
ENYTES

R 1 s, BEEEFIREE RGN, R
RIEm, HARGHET SRR, mH, 4
HRURERT 12%)5, RECEREAK, HRS
TR I A K . S5 & H AR TR BT &R
K, HEIRE 12%K8 RGBT S R AR BRIk
o BRI, KRR RS RE N 1490 mP/h, T
FIEHNAEN 383 mm. S (APISPECSCT-E % Al
MEREIEIAREY, TER 16 ~F &S, EREJEE
0=11.13 mm, W1t D=384.14 mm.

RGP NIRF R K T IRAEE T, KA
Z% A) 3t - 2B 0 I 45 ) D S B A IR R

£ 1 AFRBISEEA T REMRE LR

Table 1 Efficiency and head of system under different design parameters

Ml . T 3RFAIERIR, RAZRMETTESE,
Bl 2 O AR TE . 5 R B AR LB K
AL, KT HBHNESE, — SRR EREITA
5~8 K, ZHEPBMLARLURG AR WA
SCHIR TR, R R R T = it N 6
%, FHEMBHFEN 40 m, EIEHFEN 240 m. 4=
RERM 4 65, RGEHE 960 m, HXFE 1 H
FTEER I 814 m ARECKMIM . B 8 BT A SR
PN A W L P ey

g ERVOHET T, WSRIEZ SRAiZEL
FERIKTIHT RGRA AR SHANE 2 PR

3.2 RBARHNEINEERGRNIIERR
T i ARSI 5, H AT AR FE
BHTIRIE 2 SR K. FR, BT RE
ZEBERIT R RGIBE K B ARG R, 1R
F R ZHTFF ik R G v vk R FAR I T T oy b
B, 2016 45, H K EHE AP RIE LI “IRE S
SIRAEKN R TR, HHMAEFE 1000 m
DL KR AR R GRA AR, IR IS AUEA 30 th
FLEE KT 1/10 IR TR I 2

[33]

Volume Flow/ Pipe diameter/ Flow rate/ Total head/ Efficiency/
concentration (m*h™) mm (ms ) m %

0.10 1790 420 3.6 694 68.23
0.11 1627 399 3.6 756 68.88
0.12 1490 383 3.6 814 69.78
0.13 1376 368 3.6 883 70.07
0.14 1278 354 3.6 939 70.58
0.15 1193 342 3.6 1000 71.03

Motor connection Inlet Pump  Sliding

section section shaft  bearing

(5]

1

Suction connection  Annular flow

B8 IR
Fig. 8 Overall structure diagram of lifting pump

Coupling Cable

.\J

Impeller Guide vane Diséharge flange
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®2 REZEBRAREITRIET RGEATAR S
Table 2 Basic technical parameters of commercial mining

and lifting system for deep-sea polymetallic nodules

System Parameter Value
Production 250 t/h
Maximum particle size 35 mm
Lifting system  Volume concentration 12%
Total head >814 mH,0
Flow 1490 m’/h
System efficiency 60%
Head 240 mH,O
Lifting pump Flow 1 490 m*/h
Rated voltage 6300V
Power 1 800 kW
Total length 5200 m
Lifting pipe
Inner diameter 384.14 mm

TH M —AESHFARNE, B TREP AR
G — AR %, HRNEE SRR
KRG T ERAE PRI 1ERTTE 17K
Mz 5%, RXMEENH R KIIRT R 3ETH
W I HEAT T $ TR 56 2 (RE 3 T FEAL) K %
i, SRR T SR THEANLIHR I R AENLK S 1 BE AR
B, ORI TRERE T —6ilRE, s
J& 45 TT KK J1H T R G2 S 3R T2 18 T EL R A
AT T RENGRIG R 7L, ARG AUIR .

1) ARV B S

PRIEIRIE TRE MR, W Hf 0 S I 016 7= BE A
W% 43 th, RGEEHIEI 270 mH0. &5
TR TE SN, HE B R GuRiORs e K I8 IS R A% 20 mm,
W BRI 5%~6%, FFERIRIEFEBEAR
KT 52%. & ERKRFARGRITHIR ST
%, AR AT R EE (W =0.54 m/s), FEIE
R G I I (ve=2.72 m/s) FIH 2 I =
(Om=420 m’/h). #E—25, W35a(8) T H I IR IR T
EIBNAAN 220.5 mm(9~5/8 W EE). K 6 &
[ S B0, BHRERNHIEN 45 m.

Wt ER AT 7RI IR R, PR
THEMAKSIERE DT, BT THE . SRR S
ZE, TR LI TR R R S S5,
SERR TR B SHEH . FE, JFRE TR

WS i M B BB AT 72, M7 T $ T3 PN [
PiFHIR CFD r#rfi !, BRI RN T Z
BHGHAT T FRTHRI S Ve R 07 F T,

2) PEFHIERENLITE K i v R ae:

NIRRT R B AR T %, H—WE,
WHE T — & R FHIRAENL, FEAE R BRI AL
ARG T T IRIHEFEVLINE K& R . B 9(a)
FIT 7 N1 40 R 24 T 2 R AL B3 K R 36 X 56 il
KRG, B 9O NRFAFEFENIHIE. B0,
ThE BT BRI A7 H 45 R 5. 7EHE
PR TILS On=420 m/h &b, RT3 M5 23R TH 2R
FEWLIAATE N 94.86 m, RAFEN 54.49%, iLF|
TIRMBEARGIER. 54, EEREUEN, %
T2 2R TR 45 B il 2 R0 Sz il 28 24 s,
KUAFTHIZEN CFD $UE B A4 BT 2 5 BE i 2 5K
b TR R TR B TH A R Sk e

3) FRFHIEFENLIIH I I M AL

BB, EETRAERK I KAk, 58
BT 7SGARTHIEFENLIHG, TEDRIER 7= ZEIE T R F
FH A AR B 5% A 9250 == A TR R T 0 2 T A4
RIS RGHAT T 1T AN LB T8 I K A
EVEREAEG . Bl 10 iR 6 BIRTHRAENLFIIRIE
KK IRTHERGREE R S5 0 R I6 R 45 A% A5
PUEL, B5FF 2000 kg/m®, KifF 10~20 mm, &K
RBORLAE KT 20 mm; 356 R 50K F 6 R B O6 34 7
AR K ) BB ik, B I AT O o AR A
B, AR ORLK AR RS e S R R AR
SRR, RGP WKE. R, SRS
H i bR i 0 VR R E

RIBHT 6 FHARFERNIIN Famik rERe ik
B sE A R . RICHIE R, ZIETH IR AT AT
WL HIEFERE . IR RO B I R R S BT R
B o FEAAE MR 2 DORISTERE , 0 RARFIREE
W SR S BHE AR AT L BT, RN
FRENLI SE PRV RE LB R & 7 Wi R iR
HSHITHEL R R, A —ANJ7 T st 1 35 A 3t
HR AN R IR

g LR, R EFEHLIE AR I A H ik
RIS LE BRI, BTt r IR T R REHL AT IS 3
Wi, AR K I3 T R G LT R
BETF R A v IR
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120F 100} ® =— Test power 1400
o— Simulation power
®— Test efficiency i
10r got o— Simulation efficiency 360
100 |- : AT 320
g 560 . >
B o0l 8 1280 5
s 20rs g
Q L
= 20 _E 40 1240 ch
B ’ 200
20+ i
70r 20 4— Test head
. A Simule}tion headl 1160
60 0 200 400 600 800 1000

PPN i et

B9 PIGETHRFENLIIR KM R e 5 T 1 45 R

Fig. 9 Test and simulation results of pure water performance of two-stage lift pump prototype: (a) Two-stage lift pump

O/(m’+h™)

prototype and pure water test system; (b) Pure water performance test and simulation results

Fig. 10 Six-stage lifting pump prototype and deep-sea mining hydraulic lifting simulation test system

R 3 RTIEAEILIE R A sl R A R
Table 3  Slurry transport performance test results of prototype lift pump

Test Transmission Flow/ Flow rate/ Volume Maximum particle  Test head/
capacity/(th™)  (m™h™") (ms ) concentration/% size/mm m
Test 1 73.19 425.4 3.76 8.6 232 99.42
Test 2 49.35 468.3 4.14 5.27 23 97.17
System =43 =420 =27 = =20 =90
requirements

PERERM, N RGTFRESZIL. AERUKT. ZiSeit
4 ZEip ST, B Ve BT S IR RIK 73R 3
(O SRR B . WA R G5 4 0 ] SR 20 B TSR

1) LS RBEREVIFROERME R T, B &, ST RGM LT A IIRT RGG w2,
RT FEEFBENFHEHRATRTRE RGN B, S%E, BNTHERSG™ 8, SRt
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RYUHX T K IR T R GE /i R HBCOR W AR I 5 T
EIE, $RTHEE BARAE RSN & e TE I HE
T2 18] AN 4 AT TR Wi e B BA R B AS R R GE I
IBATEA . MRERRCRITIHERE, ARXT K187t
RE, AIRT RGEIAIR AR LRI K [Blis
BRI R R, /G
RESTTHREAIIT S RS, KBTI R G, W LAl
EAAWREE . R GRS LU TE AV B
SKILR G REMIBURIR T B, ZREKRE, KIJ
T I7 N & TAEREE 2 &R 45T K &
2RV

2) P TR 2 SR LT RAK T EE
PRI T7 EB BT HBHRE TR A4 [ Y3 1%
S ESTV AT SN K a LR SE LR T V2
WETUE, LREHERFRRNRT AL K
R R RE, AR RS0 RE R E ML R
RMEMRTHEEANR, BN TKTEERTT RS
FARTVIR MIBEA TR S BT B ATk, 5T
TR 2 @ S5 DT ROK R 3 HLR TE R gk A
BRSHANT; it SiaiRiEZ SRR W
W TRESR TSR R AR A, N BT Hh i e it ik
BEUF A 1 SETHRAENL. JFREIRTHEAENLITRK
ke, ARRYIRTTERIIE 5. JeR
HEZHORAMF AW ESR, RiE T AR5
FATYE; JFRE T IRTHRAENL B E R AT K
S rEREIRE, SRR 1 IRTIRFENLRE T 2 BT
RV HEIETERE . X L6 45 RABRVIK I IRTT
5 2T T LR 22 4 8 A5 A ML TR K
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Abstract: Elevating polymetallic nodules from thousands of meters of seabed to the supportive vessel is a crucial
part of mining operations. Firstly, this paper elaborates on the requirements of the deep-sea polymetallic nodules
commercial exploitation for the conveying system. Then, the working principles and performance indicators of the
current air and hydraulic lifting methods were summarized. Furthermore, the influence of the leading lifting
parameters on the system’s performance was presented, and the two lifting methods were compared within the
aspects of system structure reliability, economy, energy efficiency index and capacity realization. Through
comparative analysis, it is concluded that hydraulic lifting method is more suitable for commercial mining of
deep-sea polymetallic nodules. On this basis, the design and research of underwater vertical lifting system for
commercial mining of deep-sea polymetallic nodules are carried out, and the basic technical scheme of underwater
vertical lifting system for commercial mining of deep-sea polymetallic nodules is proposed. Finally, the technical
feasibility and the applicability of the design theory and method of underwater vertical lifting system for
commercial mining of deep-sea polymetallic nodules are analyzed and verified by the water test and slurry
transport test of the lifting pump prototype. This study provides reference and guidance for the research and
development of deep-sea mining technology and equipment.
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