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Fig. 1 Intelligent development of deep-sea mining system: (a) CLB c; (b) Towed method; (c) Self-propelled method



2531 4555 10

AFEE, S BRIITRE RAOK BRI L 5t 2955

1 KROEFAEEHETRRERAR
1.1 KOEAEERFREER IR SRR

FERGHOA™ LA BE B R B R A E T s v, B
T 1) [ AR AR IORE LA N oK G LA o R i e
IR FE AR SR B, SR B B TR A R AR
VRS T BVE TR AR b, 75 B PO R A R
HOA FrRLAR S K 2R DA L RELRSORL AR T (X . TE I
RN IR A AR B BB T, R A
FARBE & A R Sk NI R HE T TR IR AR
TR RUURA, UEH G RN TS B
FLAR N K2R DL b R, 58U Y I
FAR EFHR TR RIT R 2% . AT DO RLAR BN
FRL LA B A 12 80 77 3 5 KT8 SR AR (1 2 3 4
TREAR 5K 1) RORE LA 7% 32 2 5l HE R 12 30 1) 75 5K
WX P IR AR IS, TR AR I AR5 3 43
FARRIX P . RIRIXANRBIEIZ, o RLA
NAFAE— T BRI 43 A S 28 i FOkE
1, ANTI FORLAR 13X SEORL 55 97K A8 I A
FARBII TR oA ctas, T K T FOoRiAR i) 55—
KRR A 2 X PP AR R oy, B
S FIURL -5 9 7K ZEL RS R 359 Jo AR 485 i R R — 2 12
ZHU . UIRLI T S A A Dy R i B BURL 1 T 30
B R S B T MR A AR TE TR S
BRmah g, PyERRE SRR E W, AHOR R
AT RIORE 35 3 2R AR R s A AL an 1] 2 s

1.2 KAORAEEEFNABERENNITE
Wl 3 Fros, N A e A n R
kL )iz 8 T R

ng-ﬁ dv =nC, pw(v -v.)a, -
PR?
HUAW, Ps ~ Pre cos@ —nw, Py~ Pre ging 1)
s Ps

A g L KE BRI S BARTR G w, J9t
R E ST g NEITIERE; po MK pg
N AR s p,, NIRRT v N
FURRL IR RL 5 v NI RIS s Cp NUTREFH
NERHG ag WA BRLZE B 77 17 A R 1,

Fine ‘
particles + Coarse
sea water = particles
homogeneous |
slurry

B2 200K o S A 2 SRR ) JAT 20 A 2
Fig. 2 Flow model of coarse particle and fine homogeneous

slurry

B3 i bEAnsEE

Fig. 3 Schematic diagram of pipeline upward flow

SRZ I BRI E @RI T A 5 7KF U7 T )
KA.

We=, s=p/p MRALR,
vm

dé 3Gy, (1- £y _ pg(s—Dcosd g(s—1)sind
dt 4d s sV Y

m m

2)



2956 o [ A (4 R 2 AR 20214F10 A
H:
(e bk, = 286D 2
3C, i=(A, + A=
2gD
-1 2
dE gs-Da-87 (v, ) ;Lme+§cD(1—§2)($j C! | o 9)
TR W 2 D 2¢D
#.g(s=1cosd g(s—1)sin@ 3) M) I AFE i, i 2 UKL R DT R BHL T R 4
SV SV Cp Ja, A IR A g RevH 5 i B0k i AR h FE )

e dy JoRLRURL BREAR o 20(3) AL ] AL e
vs iz s iR

£ LR [ ARz 3 75 R, ARAE £ = 0 i BI4R
FA 1=0, v=0, B, WRAATFX:

1—Z1/,uscost9+sin¢9
sW, \Z

t m

t= W X
2g(s-1D) 1+, cos@+sin@
vm
/4 -
1-&+—+/p, cos@+sind

%

= 4
W “4)

1-&——+/p,cos0+sind
v

TEIEH (3T, W E] ¢ 7E—FPITRI LA,
&REAIAUIZI 1, i LALE [ AR BURL K32 3l s inid
DTtk . DAL, AR RARRR K T7 38 T,

g

FiEfEinRE, MEX@GF, Hdé/de=0, I

FECT

5:1—(E}/,uscose+sin¢9 (5)
vm

M 1EE F A G T RS T HiE

Vm? E.l"?%‘:

6zzizl_FL\/%(%)(%cos¢9+sin9) (6)

vm

Arf: D AEENE. WJIRFE T RS

AR T 1) 2 A, -
3¢ oraoen(d) L va

A&-—ECB-CLUV é)[l)) 5 2gﬁmg (7)

SN A

A =2GC0 S{DJ (8)

PRLEE, RELRSURE o AR T B0 B A0 45 5% i PR T 55 5K

AR o NAZFE I, TESEBR ST R
— AN B SIRLAR T VR A RORL, B 2R (9) T
I, ORT I FERLAR: PR RE UL I 422 RIURE AL 2% K 71N 43
H, FHRFESRAAAT IR, HEmn.

1.3 KARAEEHFTRAEERE A ERXE

IiE

M 1991 R [ERFEh O, T IR
VAR A = RE T I T4 2 —(43 th B4 )
K R RGPt 68 ) I R IR R $E FHBEAR
MRREgT, NI JARI “OKIJ3RFHARWET” 3t
17T RAR 25 mm FIREHZE IR R AR G5 % L B 15
A 100 mm RERTHREE RN, U B
“DNEE ARG LSS SHR , A AR
£<15 mm. <32mm. <50 mm =Fki A KK
SREEZHEAT T 42 150 mm I ORI FIREHE 50
TSNS IR AR H L T IR R K E K
JVEBIRTH RIS B, 5y RIRGE LI AR TE BH
JIRIS S5 AR IR 8 ok S x4 fr
N, ZIRFHEE D E AT B TR
T8 BH 73 AR A Ak BEL T B B

2 IKRIHRAEE—W KRR

MRIEAK S FETE TR R IETHRE R ER,
LLTE il B AT HROR S S e F om it Hbs, T R
Arnie B 5 R RURL il AR A SR T
BRI BRI E BT AL .

21 WRRWRFFMSHKEFERXR
A8 ot o A A A R B AT (1 e T A
[ AH AR IR AT A RE B A o BRSSP A R 52



531 %5 10 1 SR, S TRIGTER R KA AR TR ST 2957
0.20 0.15
~ (a) (b)
£
Q, 0.15 o
e} =t % b
o = 0.10
s #ﬁ i o
8 0.10 ;ﬁé £
g _ £
E%a
e o o WK g £ 0.05
s > B
£ 0.05 w5 is
§ &
i3
0
1 2 3 4 5 6
0 0.05 0.10 0.15

Velocity/(m-s™)

# Concentration=5%, diameter<<15 mm
X Concentration=5%, diameter<<50 mm

Calculated value

Concentration=5%, diameter<<32 mm
+ Concentration=10%, diameter<<15 mm

x Concentration=10%, diameter<<32mm = Concentration=10%, diameter<<50 mm
Concentration=15%, diameter<<15mm e Concentration=15%, diameter<<32 mm

4 Concentration=15%, diameter<<50 mm

4 RIRGEEHARE I F R B0 A S gl 1)

Concentration=0%, clear water

Fig. 4 Friction resistance—velocity curves of natural nodule slurry!"": (a) Friction resistance—velocity curve; (b) Experiment

value—calculated value curve

IR ISR :

Mm = mem (vuZer - vulmrl) =
pst(vu2sr2 _vulsrl)+prw (vu2wr2 _Vulwrl) (10)

TARUM, =L p g0 H,,» T
[0}

P9,
Htm - |: (vu2§ n- rl) +

PO s

.9,
PO

(VUZW vulw’/i ):| =

émm% 1 U)C, + (0, Us =V, U= C,)]
()
R pe pue po PRI 44 AR
KIRITEIE . One Oue O, A BINHERA 32K
KRB IR RO AR s v v s 513
IS AR L AT 1 16 1 11 b 1
PIBITIEIE: Varms Varws vars S BUMAR, K
R P TR 7 038 11 44 FE ) 7248 7 1) i
BEe o WSRO Cy N3 AR
R B
1)y B0 5 B 0 8 AR U B 2
SRR, R, WA O A
By ol = 90°, JE v=0, [, 45T

i%%kﬁ%%/%, A1) ] 5 il
[mﬂC+WMMFQmﬁ- (12)

oy NRIRIERE; p NTEKIIEE.
iﬁ(lZ)ééiiE‘i?ﬁ%ﬂ%ﬁi:
H_=— [vquUC +v,, U, (1-

tm

c, )l =

w

L v U,1-C, +C ¢) (13)
g

w

LB K I RE Hy, mg.% v U, s W45

tm

H_ =H_(1-C, +C $ln (14)
]/W
K: §= v, /vy » JIE RV ZE M 5 HH O 44550
S P 9 Y 27 T 2 L
ROAHNT M AR SRR 575K
TIPS

22 W ERZHMARERITAFINRIGITIER
AR IJIRTF TEER, BAMT R G R I
R B UL BRI A UKL RE 2] I5R
ISR A AR5, AEUE 75 2R AT 208 K 1 Wi
PRAER A 0N BE [BIARIEIE 2, PRI Hh AT SR 2R R T8



2958 T EA O8RS

20214F10 A

Kt BHE, HBot iR BT

s GEKRSBERFEMEB) TR, o
FMIE Y by SRR O W12 H KR
Hon. LEEGHE ns Z 181 2 01T R FR

3/5
n
b=k, 3O/n, k, =084x| —> 15
, =k, JJO/n sk, (NJ (15)
3.651,/0
ny= (16)

Fa B B SRR R G E R IR 420 m/h,
BRZHFE 40 m H,0 e TAE S SHANITE, it
SAS RS D8 R IR R 3 RO A
FLARIER . BT e] A, e 5 E by SR
& O MM n BIELL, 5812 H B, SR
Hon BE TR H SRR RGN T2, Hik
RO BT AR R KA R R,
KRBT s @ N A O by FHA
AAEH OB by NERKIRTH AR 3 £ KA
T, XA BT SR E RO, (R B R
FEA BRI LA, R — AT m LR R s O
RERIMAER, 0 RERA AR, &
AE TAE B AR B a8 M 8, IXFERAE T
PUsE B T B B (MR AR, PR T I8 I
FEAT A A 22 [ AR RORE A A 1R g

YT IR AR T Ik AR P R AR B AT T g A
THR B FRL 2= ZF(REK), PRI SR AR B )AL Re ) A2
W BT 1AL, BRI Ak
N TE SRR AR, i A R B AR i et
KEVR RS BN RIEE, BRI KEAE
BE B (147 R — I B T 28 DL R P2 1 S R 3
R 2R, S o P P ORI B S 1 A
SR SBR[ BE BE A FE— IR e v il 28, ik id i
TE BN I SRAFA R R PR B 1Y), X FEA
TS0 51 S B Th 2R K A A R 51 R Th
SRR R/ NIEAR—F, IEFSEAHIN, #EREY
SEBH IR I R A AR R, RITE R
hERHBE . 0 RIEAMINE AT

N, = p.g0. H. /(1000x3600) (17)

i B E SR T RGN A LA A AR

B p WHRIIE On NATE Hy =& LA K R
BAT R IE Ho— TR O FrIEIZ B, 7R
TRIEA™ JRR A RN N, BEU B3 i 72242 1k,
il 2R BB B M RE T LU RCRET R G4
i Gk

2.3 KIRHAT RRHH

R R RS, R T RA
KRB 17 MEREFFTNRE “F
ECORAT RS 1000 Kifg Falde” g ] 7 g
R R, K ER T R G R R R
420 m*/h. HZG477E 40 m H,O FAE TAE S S 500t
il s FEWHHE AR P, ORI R 2 2 UL R 800
m’/h. BR300 m H,0. Bl 5 iR “+—17
A TRVAFF A1) ) 79 S R A R 9 e FL AR 1 ity 28 050 4
B, WImFE-dim M2k iR Ie 45 BT A, RSN 420
m/h N, R KIHIEN 77.99 m HO, Y7L
439 mHyO, LA TAE S0 E (SRR FRE 1 m
H,0, Th&E—-ima e ih 2B 2%, eI %
FWH AR, B TR THALE I .

UYL HIE Y E R E SR R “IRE
L2 & BE R R TR #FH T ASEIRFT K
HES) IR 420 mY/h. W4T 45 m HL,0 [
BiE TAE IS HWH, BORRE BT s S50 e
JiE 720 m’/h. AT 39.5 m H0. K 6 FR
CHDY T AR ) S R TR R R LR
HHESAINREN TR SN 77) bl Ea iR e )
B, WM 420 mi/h B, NZORHIIATE A 298.84 m
H,0, HZ7FE N 49.8 m H,O, ELHUE TAE fifiE
(3R A7FE R 4.8 m HyO, o6 IRTHI S =0 1)
BOR, DhR-ERRE R RS, T
B AR THALE 38 E

3 BWHFRKNDEERARZRMR

AR R R TIPSR FED ™ BT U5 AT AE LR 3R
B IAOR L SRR R T v A R A BT O L, R
JECETF A SR P 7 BRI A+ A5 LAY,
GRUERAT IR 2 81, AR T “RIERA e 1 I e 4L
FENTERR” AT, E Pt R 1 kIR



331 4258 10 ) ARFRAE, SF: BRIETRERAOKEERTI IS 5 ¥t 2959

150 1000 %0
(b)
170
125+
800 -
460
=— Power
100- e — Efficiency
e 600 s—Head 10
A 5
g 75r & =140 g
T g 5
O o] E
T A 400 130
50
120
200
25+ ——— "
110
0 - 0 L 1 1 i
200 400 600 800
Flow rate/(m3-h™1)
Bl 5 PRI IR KR as R
Fig. 5 Two-stage lift slurry pump and test results: (a) Photo of slurry pump; (b) Test results
100 800 500
(®)
90 /
./.—l-—.——"_
80T - 400
600 -
70 \
2 60fy 7< {300 g
B s
3 =
S 50r 8400 £
INE £
o 40p= 1200 £
301
200 - = — Power
20 e — Efficiency 4100
4 — Head
10
o* 0

0 100 200 300 400 500 600 700 800
Flow rate/(m3-h™!)

Bl 6 NIRRT LKA R
Fig. 6 Six-stage lift slurry pump and test results: (a) Photo of slurry pump; (b) Test results

RGN . WRIE LR REOKVEERI RGN THEIEAN DSTT 2P R i BT e AR BE 7T,
WEFCER, X R 202 B 430 th s WRRETRIREERTT RGERE I AL RER 7T .

B A 77 RE T B DL T SROK 0 E B SR T &R gt AT B 7 o e DO R AR BE (26 A T, R X
T (O)XF AR 375mm B IE S5 % R AR THE T L

2530 EALRERE I BESR THAUE AR (R AR £k, Bl g
31 RAEERZRZMAES THETERI R 2k . B i 2 ig it R B 1

GRRREERT ARG EH VR AR ERGEIMTGE, RERRR, BT R



2960 T EA O8RS

20214F10 A

R E BRI RGRBE RS R, KRR
4 m/s. PRTHEAFRIKREE 13.48%1F NIRRT R GiistT
BE TEM L2248, EHERARGAH A
1152 m H,0, MEIFEFHEE RGN frik 4 7= g
O, N 430 th iR45%. IR 1.04 248 REL
R RGISAT T TAE AT R EHEN 1198 m
H,0.

1600
1000} ‘///_._CV:]O%
= C=12%

800 ~+C,=14%

~C~16%

600 : : ' : -

2.5 3.0 35 4.0 4.5 5.0 5.5
Velocity/(m-s™)

E7 EIERT RGBSR THRUE R R

Fig. 7 Relationship between total pipe resistance and

Pipe total resistance/m H,O

velocity

32 W RERGESEFRITMETAR

W R BN R R R G0 3R BB
528 K FATL A A KPR R il 1) 7 K/ BA B 1k A
AR IR IR R, 1 H AR T2 %
FEIISEMR o R MV RAT R I AR i KU &
R RIPKRE R BARAE K. N T RIE A
SR fiE I 388 3ok 5 1 A T R 5 A R (RIS AR 1)
T, HRUE A 7 B I A R AT A RORE )
TR I HAT SR R, TR 75 BER ORI
BWIHE, RIESREFAD KR & R OR
BURMIR I LAEM 50450,  BA B R A RHE .

6000 m 2% (1) HE B i i B A T I i AN
BER RS, EENRSE—H AR,
B PARIURE ] R TV H I R L R TR IL R, AT RE
O FHRIEEE, @UCRA R KRR, BR
KR BN TR IR, wE R KH
“HRIFNE” s —X R, PLor B
B 453z KU A UG, BRIl R S A E i
A, TRRIER AT K EREA RS &, M2

R, TR K AL I T 2RI o Al 1k HE B 7 PR
i, B RIE MR IAFEA B .

“EVE” TR B EERE T “n
B, R R ESER. 88N “HRENE
AFETR—AA R, — G KRS e
SSRGS IR R . R R G
&Y, HI—EMWEPEEZ, TR A
TR SR BEARIE R GEIEH1BAT -

AR 5 1 B B v B 4 B 1 A R
REBITHE TESK L ZSH R RE 4
m/sCh] N FRI B 1580 mP/h) $RTHAFIRE 13.48%,
TN 1198 m Hy0. 455 R AL F .G
B3R B HE 15 250N 0,=1580 m'/h, H,=240
mH,0, RH j=5, BYHIE H=48 m H,0, HiH
n=1450 r/min. BRI E R SSEHE N E
2260 m*/h. HZ L 42 m Hy0.

R IR THE 8 RGBT HUE LAE R R
91198 mH,0, A EERLAME 6 60 HKE, K
FAASSRRE, DA R S8 TOER, nILh 6 & [Hf
TR BT, EFE FIREA 5 &, ME S
14, KRR T & BRI RGus T it X
PS5 v 2 T R s A 2 A i 1 7 11
Wit BERE T RERIMRE 24, il 2
BV REAR—IT HEM, 6 G KEHAR =
WA, i3 E = A AR KR E

Kl 8 Bin A 5 G KAL) R R AR T

B SRER R AE 8 A LA, Al
1800
1600 -

1400
1200}
1000 -

800 - —-C =10% pipe resistance
600+ -=—C =12% pipe resistance

—— C =14% pipe resistance
400 |- = C,=16% pipe resistance

200 -
0

Head or resistance/m H,O

—&— Sea water pipe resistance
_ ~*Five pumps total head curve

1200 1400 1600 1800 2000 2200 2400
Flow rate/(m3-h™")

8 L. BSRTHEIEM ) SRR R L

Fig. 8 Relationship curves between total head and total lift

pipe resistance



331 4258 10 ) AR, &

WIBITRN RV T Big 5 8t

2961

EIBIRT RGN A5THEF=RE 1A F] 430 th B4
%, PRIHAFREE PTHEHILE 12% 2 16% 218, B
FRH 5 H 1 & Mis B, 27 RGUSAE 1480
m’/h<Q, <1680 m’/h Jii & [X [a] ¥, FREILE 3.72 m/s
Svn<4.24 m/s BEX AN 2R EIBIT. EiEE
T RGAEZX [ NIBATI, A HIEETRET O,
1E 404.6~473.8 t/h IWE5% 2 0], AL 2 bR
M3 FERe 1, 10 H AT DUE FR A 45 42 7= BE 1 [ %
.

4 ZEig

1) FE R ML AL TR Z AT TH 57 4 [ IR AE
IR FERIMER T RCBEBOR 7T, B E @
Xt 2 AR T I3 VA AR I TR 57 LU, KA
FARIKIVE B SR THIC L N FRE e PR A ST 7
%, el i ORI BHEIT ST A2 30 R
BT CIR A AT SRR TR TR TT %,
TF I 2 R0 9% 2K 3R T B ik 5

2) B H A RURE X 57 AR AR D SR B O RR
MBI, X B R AR A 5 B S Bk e
B RARETE BT SERRR AN 0L, I3 T
R, SR T K AR THE T R UKL YA L BE 7
ST

3) SR I FR T IR A e L HOR A R B DL
L ARTE™ IR TR 8 v v A 5 T 2R i v B i
A A RAR T R BB ARORL =R L Bl O
ARSI s N

4) e R Al R TH™ R A Jo FE AT J7
o P BRFR AR IR R i i RURS M A RS
M EEAR 6000 m R ZEREILIT R RS K T3 THE
TE PR AT R AU

REFERENCES

[1] ENGELMANN H E. Vertical hydraulic lifting of large-size
particle — A contribution to marine mining[C]//Offshore
Technology Conference. Houston: [s.n.], 1978: 731-740.

[2] SHAW J. Nodule mining-three miles deep[J].Marine

Geo-resources and Geo-technology, 1993,11(2): 181-197.

(3]

(4]

(5]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

WELLING C G Manganese nodule design contents[C]//
International Seminar of Deep Sea-bed Mining Technology.
Beijing: [s.n.], 1996: 1-15.

VAN WIJK J M. Vertical hydraulic transport: A study into
flow assurance[D]. Delft, Netherlands: Delft University of
Technology, 2016.

HONG S. Recent achievements mining technology of
polymetallic nodules-performance evaluations of pilot
mining system in sea conditions[C]/9th Meeting of
Korea-China Cooperation on Deep-Sea Mineral Resources
Development. Xiamen: [s.n.], 2016.

SOBOTA J. Slip velocities in mixture vertical pipe flow[C]/
Proceeding of the tenth ISOPE Ocean Mining and Gas
Hydrates Symposium. Szczecin, Poland:[s.n.], 2013: 221-224.
DREISEITL 1. About geotechnical properties of the deep
seabed polymetallic nodules[C]//Proceeding of the 18th
International Conference on Transport and Sedimentation of
Solid Particles. Prague, Czech:[s. n.], 2017: 67-74.

ROGERS S. Nautilus minerals[C]/PNG Mining and
Petroleum Conference. Sydney: [s.n.], 2012.

VAN WIJK J M. The influence of nodules degradation on the
vertical hydraulic transport of manganese nodules[C]/
Proceeding of the 18th International Conference on
Transport and Sedimentation of Solid Particles. Prague,
Czech:[s.n.], 2017: 385-392.

W, BeEr i, EARE, ERIRIFEE R R EAR KRN
BUR B a4 140 T B, 2017(34): 154.

ZHENG Zhou, YAO Xin-wei, WANG Fu-ping, et al. On the
status quo and trend of the development of deep-sea marine
equipment technology[J]. Chemical Management, 2017(34):
154.

ARHEAL, WAL, R BT R d A B ) OB FE[].
LN FH 4B, 2016, 3(7): 59-63.

ZOU Wei-sheng, CAO Hong-can. Research on pipeline
transportation resistance of deep-sea mineral resources[J].
Modern Applied Physics, 2016, 3(7): 59-63.

AREEE. EERY B S EERNTTED]. dbx: dbw
BHER 2, 2005: 52-56.

Z0OU Wei-sheng. The study of lift parameters and pump in
ocean mining[D].
Technology Beijing, 2005: 52—56.

. PFHE RGE L Z5SHUTAR]. Kib: Kby
B FUBEAT IR STAE A 7], 1999.

ZOU Wei-sheng. The study of lift system technology and

Beijing: University of Science and



2962 HHEA SR AR 20214E10 A

parameters in vertical pipe[R]. Changsha: Changsha Research BT[], R E MU AR, 2019, 30(24): 2899-2904.

Institute of Mining and Metallurgy Co., Ltd., 1999. ZOU Wei-sheng, LIU Rui-xian, LIU Shao-jun. Study on
[14] ZOU Wei-sheng. COMRA’s research on lifting motor lifting motor pumps for coarse particle slurry in sea bed

pump[C]//Proceedings of the Seventh (2007) ISOPE Ocean mining[J]. China Mechanical Engineering, 2019, 30(24):

Mining Symposium. Lisbon, Portugal: [s.n.], 2007: 177-180. 2899-2904.

(15] ARfsd:, XUEAl, X%, RSO R A 3R AR T B AR

Theoretical design on slurry pump hydraulic lift system
for marine mineral resources exploitation

70U Wei-sheng', LI Hao-tian', KANG Ya-juan

(1. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China;
2. School of Mechatronics Engineering and Automation, Foshan University, Foshan 528000, China)

Abstract: The lift system, acting as the passage for the transportation of the seabed ore, is the intermediate part
between the seabed mining vehicles and surface mining vessels. This paper focused on the key technologies and
equipment for the slurry pump hydraulic lifting system, a flow model and theory for lift coarse particle slurry were
put forward. It is proposed that slurry pump is a kind of mixed flow pump with high specific speed, which can pass
the coarse particles with high lift head and with axial flow and backflow. The theories for increasing the flow rate
design, as well as the equal power design for it were also elaborated, which were all tested with slurry in the
laboratory and also verified in the sea-test for pumping seabed mineral slurry. These theories and technologies have
been applied to improve slurry pump lifting system for commercial mining of seabed mineral resources.

Key words: marine mineral resources; hydraulic lift system; coarse particle slurry; slurry pump
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