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1 FEEMH

1) S5 Hh BT FH 1 2 A S R 3895 1 R 4 1L 4
B, SIZGIN5E RA  RREERL K BE 2815 kg/m®, HE
SEHSIEN 0.554, L 0.25 mm LR
6.4%, RURLEIR/N FEZELE 7~15 mm Z 7] B
KBORL 5y ARV, AT TE S, BT LUK A 620
T AR R 5 T, 1 DR T B 208 ATk 2SI B

2) BRPIE TN 2897 kg/m’, HEEE ST N
0.506, FEHPHIMBCFHRIAL ds=0.149 mm, RPN
&8 n=0.501, HECAE, HLERL . BAKRE,
KL FRRDRLE LB, 7E 0.097~0.246 mm Fi
XD () 15 50% 2547, 7E 0.05~0.097 mm L [X 7] (1)
5 35%4 4, KiAR/NT 74 pm BIAIRDEL S 20% 44,
FiA2 /T 37 pm ARCEL S 1.17%.

3) H R AR 2 S R A T S L RHE R AN,
ORISR S S BE AR, U Rl R AR Rk ] P
BN IE BB 7 58, M3 B TR AL T B R BUIRAS
PR e VR Al RIS N R IR e N
THEREA SRR EGRMECLL, HATHACSER, %
IEE IR 1. ARYE LI 45 ik B e R e R A R R
RN 7:3 BT HNE AL

2 HEER

21 RAWLEE TERS

REHAT FEH T MR TR AR SR R S R
gt WRFTHAG T EM T R %, FeiA
RALEE L 7K AE B 5 R RGACHE RO O DY A 4320
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Table 1 Packing density between waste rock and tailings

Waste rock/ Mixture density/  Packing density,
mixing quality (t'm™) D

0 2.897 0.506
0.1 2.889 0.531
0.2 2.880 0.559
0.3 2.872 0.595
0.4 2.864 0.630
0.5 2.855 0.660
0.6 2.847 0.698
0.7 2.839 0.694
0.8 2.831 0.675
0.9 2.823 0.636
1.0 2.815 0.601

IR AR Gt R T T AN 78 B 6l P B
i BeH BRI, R SR XA e S e el
W AH I , B 20 TR R i 2 Fe R X e 3R 1
FAFEHHA AR EX

22 JUERANENL

I BT ACFR B E Gambit R K L0 L AR H ) Se b
TE0L, EENTERAL . MRS AR EN 924 m K
P, JEI SRR T N SRy, BlIA 640
BRIE, SR E0E 500 fitieiE, il e AL & HL
TE B TR KR, B e Bk T 220 m FRiEA.
BT 5 SR R S B 7 R — 5, W
K1 FoR, AT R F 50N B il — ik
b, BT N EEECK, BRI G 1:10,
TM5EPR Gambit ZARHS 244 1:1 MEliE 4. 7
EIERINEAA 150 mm, SEAAEWETR, S8
FAEN 1.5 m, BRRIELN 6.8 BE AR S 2N
sy, EEEGNEEERN BN, 3t 8 %.

23 R HFR

FRAE KA I L BT S8 45 SR A2, KV RAE
200 kg/m’, JFELI (R A 0N 83% I HEAIA F i
WRPE ISR EE )R . DU, AU 78 30 0%
WX EA SRR 7:3, /KIEHEA 200~220
kg/m®, WRPE 82%~85%, MRABH 1l fSLhr7e AL S
SETRFE AN 2.00 2.4, 2.8, 3.0 f13.2 m/s, BT
FILA0 W, RAEFEARSHUINE 2 iR,
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Fig.1 Route of filling pipeline about Dongshan
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Table 2 Simulation scheme of slurry pipeline transportation

Aerial part 1:1 | Underground part 1:10

2116m

10.4

462
3,
& 775m 150m
o~ JUD 111,
]
—>Qutlet

Cement content/  Concentration/ Density/

Scheme

Velocity/(m's ")

Consistency  Flow  Viscosity/ Yield stress/

(kg'm>) % (kg'm™?) index index (Pa-s) Pa

1-5 200 82 21456  2.0,2.4,2.8,3.0,3.3 0.526 0.920 0.526 19.991
6-10 200 83 2175.66 2.0,2.4,2.8,3.0,3.3 0.573 0.812 0.573 23.711
11-15 200 84 2206.58 2.0,2.4,2.8,3.0,3.3 0.681 0.870 0.681 26.332
16-20 200 85 2238.38 2.0,2.4,2.8,3.0,3.3 0.733 0.862 0.733 32.157
21-25 220 82 2146.87 2.0,2.4,2.8,3.0,3.3 0.641 0.766 0.641 18.782
26-30 220 83 2176.94 2.0,2.4,2.8,3.0,3.3 0.664 0.899 0.664 22.115
31-35 220 84 2207.88 2.0,2.4,2.8,3.0,3.3 0.697 0.926 0.697 26.042
36—40 220 85 2239.70  2.0,2.4,2.8,3.0,3.3 0.781 0.802 0.781 30.803

AT, BEAT DA FIRC EE R ek
SBE A7, SCATBUG B[R ROREIR A AN )8 B R e
71

24 HRENGE

FRAE S5 22 4E FLUENT B fFrh 3ET W 8, 44
N 1 B A3 N I (Velocity-inlet), #18 H RE A
H B (Outflow), FAEKMNARER TR, ERETT
[ F7E TN 9.8 my/s(y Fili i 7 A1) o 38 FH Rz 3%
KA IR RARIZ B FAT U, B E i B A

3 BEREMERDH

3.1 REXNEEREIMNFMm

RN B AT R I, 7 5 R AR AL
AR —8, ATEGRES, EHERTER 6(RE
BHERE RN 83%. LN 2.0 m/s) 1 18 H 558 43 M 25

B, WK 2. FEEEEAR T, Rk R0 R K,
FAEE W R AEERE, &EEBRELSE L, H
B SRR A . AN R R BB,
THJPAEIE, KRR, Rl THRTE.
ELELL, FEEELOTT MR AN EOR, S s
JEbA — Bk EX R, SREEEA G TRE. fEHN
NEEHAEE IR, FEANRE LA IR
. 3 RN T BN SR A TR E T P AR
fE0L, HEERERHE, HaHBlRRREEE. A
U PR, 725 7 Ak R 300 D e R T UK

PRI E N 82%, /KIREN 200kg/m’ M, &
FEH 2.0 m/s AL F 3.2 m/s I, EIE N DT R 50
M BT SRR 3, BH 7740 5% B 8 1) A8 A 155 1o IS
4 FiR. R E N 2.0 m/s I, BB B A4k i
/No R BEXTETEBH AR e S R T, B AR
K, BIHEMNCOFH O EEE S, HHK R
FeR K. S NT 3.0 my/s I, BH 45 O Bl R 2
PR A, KT 3.0 m/s 5, EIERIFL kI
KR K,
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Fig. 2 Velocity contour of scheme six: (a) 1st and 2nd bends; (b) 5th bend; (c) 6th bend; (d) 7th bend
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Fig.3 Velocity changes on monitoring lines: (a) Lin5; (b) Lin7
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Table 3  Slurry pipeline resistance loss under different

velocities with 200 kg/m® in cement content

Velocity/ Inlet Outlet Resistance
(ms ™) pressure/kPa  pressure/kPa loss/kPa
2.0 66.440 —8029.216 8095.656
2.4 87.124 —9128.181 9215.306
2.8 109.881 —10923.454 11033.336
3.0 122.071 —11854.119 11976.191
3.2 141.387 —13283.645 13425.032

Velocity/(m.s-1)
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MR RADL 5 SRR A 5] o R B 3 R R BEL 77 43 2
22t BB (LI 5), S BH A0 R B o B FE 1R A1
o HHIE S FIEN, BEETEREEMR N, AR R
WK EARFEF—E WRERT 83%J5, BRI K
AR RERAE A E P B R KT g PR A A
REANRE H . FRHERH /pTHESE Rk, s R T
T 2.8m/s, WRIEN 85%MF ik HIf; HiEFIAFT
3.2m/s, WREN 84%~85%HT ANAE iR, T A TE ik
R EUNLE 83%~84% 2 7]
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Fig. 4 Relation curves between velocity and resistance loss RSO, B2 THEMEIEE, X502
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Fig.5 Relationships between concentration and resistance loss: (a) Cement content of 200 kg/m®; (b) Cement content of 220 kg/m
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Fig. 6 Stress nephogram of scheme 13 on z=0 face: (a) 1st and 2nd bends; (b) 7th bend
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Fig. 7 Pressure variation of scheme 13 on monitoring lines: (a) Line5; (b) Line6
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Fig. 8 Photographs of pipeline test: (a), (b) Slurry state after filling; (c), (d) Stowing operation
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Table 4 Pressure value and resistance loss of each monitoring point under different velocities (Slurry concentration of 82%)

Resistance loss/(Parm ™)

Time Velocjfy/ CHO001/  CHO002/  CHO003/
(ms™) MPa MPa MPa  (p—p,)/14 (P,~P;)/38 (P1—P3)/52 Average Mean Simulate
11:11:00 2.0 0.27 0.255 0.15 1071 2763 1965 1933
11:11:30 2.0 0.27 0.265 0.14 357 3290 2014 1887
11:12:00 2.0 0.26 0.24 0.168 1456 1871 1759 1695 1836 1960.444
11:12:30 2.0 0.29 0.265 0.186 1765 2085 1999 1949
11:13:00 2.0 0.335 0.33 0.21 357 3158 1938 1718
11:13:30 2.4 0.36 0.355 0.21 357 3816 2316 2163
11:14:00 2.4 0.32 0.301 0.2126 1332 2335 2065 1910
11:14:30 24 0.34 0.33 0.185 714 3816 2442 2324 2347 2231.579
11:15:00 2.4 0.31 0.28 0.165 2143 3026 2497 2555
11:15:30 24 0.365 0.345 0.19 1429 4079 2846 2785
11:16:00 2.8 0.325 0.305 0.175 1429 3421 2469 2440
11:16:30 2.8 0.315 0.29 0.16 1786 3421 2596 2601
11:17:00 2.8 0.355 0.325 0.175 2143 3947 3025 3038 2780 2671.833
11:17:30 2.8 0.38 0.355 0.195 1786 4210 3049 3015
11:18:00 2.8 0.38 0.355 0.21 1786 3816 2822 2808
11:18:30 3.0 0.345 0.31 0.2 2500 2895 2547 2647
11:19:00 3.0 0.3 0.265 0.15 2500 3026 2623 2716
11:19:30 3.0 0.375 0.35 0.2 1786 3947 2898 2877 2849 2900.155
11:20:00 3.0 0.38 0.355 0.195 1786 4210 3049 3015
11:20:30 3.0 0.42 0.415 0.21 357 5394 3221 2991
11:21:00 32 0.39 0.36 0.215 2143 3816 2949 2969
11:21:30 3.2 0.405 0.375 0.2 2143 4342 3251 3245
11:22:00 3.2 0.365 0.31 0.175 3929 3553 3432 3638 3397 3251.006
11:22:30 3.2 0.515 0.485 0.29 2143 5132 3703 3659
11:23:00 3.2 0.525 0.505 0.3 1429 5394 3602 3475
5z %ﬁ%ﬂﬁb%&mM&MWﬁrﬁﬁzﬁki%
TR B E I ROR, FREJE ST, e
/N,
1) FEEARTT AL A I B6 I, FFA 2 3) FEI L 7RI A I B N R e U ME,
IR A s 722 A A T g A FE A B SR R AR AL IR . SRR L E] 2.8 m/s, BERIKEN 85%

FERIIR I BEAR [, il 5L R B2 ) 38
VAL TSR bR

2) TERFRARFERFING, [ s n, & E
[SWAE IR ST St p: )l IR SRR IS )R R 3Ly N S ST
9 2.0 m/s I, BELJ40 5 85 /0N o B 5 RL IR Tl B2 1D 386 1,

EIE A EH

VLB MRHRGEE AR 3.2 m/s, REERIREN
84%~85%HT, ABEE, HIMFHING, &ERIEE
TEH 2 50 P DA iR FE BRI ATHE R, KAL)
JB A — A I B AR TE S (VR IR BE R 83%~84% .

4) 2= Tk SEEG LA R L S B BEL 7 0 £ R e 1,
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Simulation on conveying characteristics in pipe about
high-density slurry with waste rock-tailing

ZHANG Xiu-xiang', QIAO Deng-pan®, SUN Hong-sheng®

(1. Fundamental Science on Radioactive Geology and Exploration Technology Laboratory,
East China University of Technology, Nanchang 330000, China;
2. Faculty of Land and Resources Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
3. Dahongshan Copper Mine, Yuxi Mining Co., Ltd., Yuxi 653100, China)

Abstract: It is the most effective way to solve waste rock-tailing emissions and is one of main support techniques to
realize the green mining that high-density slurry with waste rock and tailing. Pipeline characteristics has an important
research significance as the core content of pipeline transportation about high-density slurry. This article reduced the mine
actual filling line, the pipeline simulation research was conducted using Fluent software, the effects of velocity/quality
concentration on the characteristics of gravity and bending parts were analyzed. The results show that the pipe resistance
losses increase exponentially with the increase of flow velocity, the bottom of the pipe bending has the most pressure.
When the velocity is more than 3.0 m/s, the resistance loss grows faster. When the velocity reaches 2.8 m/s, the slurry is
not able to self-flow when the slurry concentration is 85%, when the velocity reaches 3.2 m/s, the concentration is 84%,
which cannot be self-flowing, and the retention phenomenon occurs, causing the plugging pipe. It is suitable for pipe flow
that the concentration of high density slurry is 83%—84%. Semi-industrial experiments and actual resistance monitoring
verify the reliability of numerical simulation results in mines.

Key words: filling by waste rock-tailing; gravity delivery; high-density slurry; resistance loss; numerical simulation
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