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Table 1  Chemical composition of aeolian sand in
Jinchuan Nickel Mine
Si0, MgO  Fe,0, SO, ALO; CaO
91.90 1.10 243 - 2.13 2.44
Cr,0; Na,O K,O TiO, Other

2 AR KU B HE AR 52 B s 45 R
Table 2 Test results of packing density of waste rock
crushed aggregate+aeolian sand

Waste rock/ Mixture

Measured packing density

mixing density/

quality (g cm73) Ist 2st 3st  Average
0.0 2570 0591  0.591  0.591  0.591
0.1 2575  0.621 0.620 0.625 0.622
0.2 2.581 0.644 0.652 0.654 0.650
0.3 2.586  0.678 0.677 0.682 0.679
0.4 2.592  0.698 0.710 0.707 0.705
0.5 2597 0718 0.723 0.731 0.724
0.6 2.603  0.698 0.699 0.730 0.709
0.7 2.608 0.679 0.688 0.700 0.689
0.8 2.614 0.640 0.639 0.647 0.642
0.9 2.619 0.601 0.603 0.602 0.602
1.0 2.625 0596 0.596 0.596 0.596
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2378 m, EEEZEZIN 703 m, FILTRIEMGLN
3.38, FE AR E MK 1 AR,

22 HEBRMAR
ARYGEAT M BERE M R E R A S
KR EL oy 5:5 6:4 F1 7:3, JKIREINE N
310 kg/m®, FEHCRIK R B IE 5 50N 82%. 83%A
84%; VIE AN 2.41. 2.23, 2.04 F1 1.86 m/s, FL
THELAUL T % 36 4, KAAEEEASEH WK 3 Fis.
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2% BC ANA [7] A3 2% A T 139 45 i BEL 7 A DA K 7 35
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MR B AL (k6 7 SR v, R A
W E N T 526 A T8 2N [ (Velocity-Inlet),
T8 BE T ONEBET FL(Wall), 03 Rk A T O
sh(Outflow). P4 1A " X K H & 77 A i
%, WEILFER, TR E T A E i
JE(9.8 m/s%).

Elevation

1680 m
1655 26 m
1655286 m

1633.268 m

External diameter of gravity line d 155 mm

Internal diameter 138 mm |

Group A2 drilling
Xi’an molybdenum chromium bimetal wear resistant pipe

283.286 m External diameter ¢ 299 mm
Internal diameter 259 mm
587.7m 1350 m
Group VI drilling
100 m | Xi’an molybdenum chromium bimetal wear resistant pipe
External diameter d 219 mm
1302 m Internal diameter d 167 mm 1250 m
Group G drilling
100 m Xi’an molybdenum chromium bimetal wear resistant pipe
External diameter d 219 mm
125 m Internal diameter d 179 mm 1150 m
850 drilling
Xi’an molybdenum chromium bimetal wear resistant pipe
150 m [— External diameter d 219 mm Middle section of gravity filling
Internal diameter d 179 mm Farthest route 150 m
497 m 1000 m

978 m

22 m filling well

Bl R A LR s R
Fig. 1 Geometric model of filling pipeline
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Table 3 Simulation scheme and rheological parameter table

Stoping drifts plastic pipe
DN 1

978 stoping sublevel

Cement Mass ratio of

Slurry

Scheme content/ coarse and fine concentration/ Densitz/ Velocjlty/ Cor.lsistency .FIOW Viscosity/ Yield
(kem™)  aggregates o (kg'm™) (m's ) index index (Pa's) stress/Pa

1-4 310 5:5 82 2057  2.41/2.23/2.04/1.86 0.30 0.99 0.30 18.72

5-8 310 5:5 83 2082  2.41/2.23/2.04/1.86 0.38 1.01 0.38 20.79

9-12 310 5:5 84 2109  2.41/2.23/2.04/1.86 0.41 1.05 0.41 23.50
13-16 310 6:4 82 2060  2.41/2.23/2.04/1.86 0.50 0.96 0.50 17.55
17-20 310 6:4 83 2086  2.41/2.23/2.04/1.86 0.52 1.01 0.52 19.63
21-24 310 6:4 84 2113 2.41/2.23/2.04/1.86 0.60 1.02 0.60 21.15
25-28 310 7:3 82 2057  2.41/2.23/2.04/1.86 0.49 1.00 0.49 13.73
29-32 310 7:3 83 2082  2.41/2.23/2.04/1.86 0.52 1.03 0.52 15.03
33-36 310 7:3 84 2109  2.41/2.23/2.04/1.86 0.65 1.04 0.65 17.80
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Fig. 2 Grid of boundary layer at pipeline entrance
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Table 4 Resistance loss along way under slurry concentration of 82% and cement of 310 kg/m’ at different velocities

Scheme Inlet pressure/ Outlet pressure/ Resistance loss/ Veloc_ify/ Resistance loss_elllong way/
kPa kPa kPa (m's ) (Pam )
1 11560 10.28 11549.72 2.41 4714
2 11520 15.40 11504.60 2.23 4639
3 10400 13.52 10386.48 2.04 4239
4 10280 12.76 10267.24 1.86 3991
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Fig. 4 slurry
velocity and resistance loss along way:

(a) 5:5; (b) 6:4; (c) 7:3

Relationship  between
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Fig. 5§ slurry
concentration and resistance loss along way:

(a) 5:5; (b) 6:4; (c) 7:3
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Fig. 6 Relationship between slurry velocity of different
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Table 5 Fitting results of pipe resistance calculation
model
Fitting parameter Value
a 0.65126
b 11.67269
c —0.35185
d —0.1904
Correction factor, k 0.00104
R 0.95938
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Table 6 Comparison between calculation results of new model and industrial test results (taking 82% concentration as

example)

Mass ratio of waste rock

Results of industrial ~ Results of new

and aeolian Velocity/(ms ™) Pipe diameter/m tests/(Parm ") model/(Pam ") Error/%
5:5 1.86 0.138 3991 4157 4.16
5:5 2.04 0.138 4239 4410 4.04
5:5 2.23 0.138 4639 4562 1.65
5:5 241 0.138 4714 4699 0.32
6:4 1.86 0.138 4029 3964 1.60
6:4 2.04 0.138 4143 4106 0.88
6:4 2.23 0.138 4242 4248 0.14
6:4 241 0.138 4322 4375 1.24
7:3 1.86 0.138 4375 4335 091
7:3 2.04 0.138 4566 4490 1.66
7:3 2.23 0.138 4792 4645 3.06
7:3 241 0.138 4894 4784 2.24
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Numerical simulation and new model of pipeline transportation
resistance of waste rock-aeolian sand high concentration slurry

YANG Tian-yu', QIAO Deng-pan', WANG Jun', ZHANG Xi’, CHEN Yin’

(1. School of Land and Resources Engineering, Kunming University of Science and Technology,
Kunming 650093, China;
2. Technical Management Division, Yuxi Mining Co., Ltd., Yuxi 653100, China;
3. Mine Engineering Design Institute, Kunming Nonferrous Metallurgy Design and Research Institute Co., Ltd.,
Kunming 650051, China)

Abstract: In order to investigate the transportation characteristics of waste rock-aeolian sand high concentration
slurry for self flow pipeline filling, the actual filling pipeline in the mine was reduced, and the transportation
simulation research was carried out with FLUENT software. The results show that there is an obvious velocity
gradient in the direction of pipe diameter. With the increase of slurry velocity, the resistance loss of slurry
transportation increases linearly. The slurry concentration has a great influence on the resistance of pipeline
transportation. When the concentration difference of filling slurry is about 2%, the resistance loss per unit length of
pipeline will vary by 20%—30%. Through the numerical simulation of the filling slurry with different aggregate
ratio, the results show that the stability and fluidity of the slurry with waste rock-aeolian sand mass ratio of 6:4 are
relatively better, which is more conducive to pipeline transportation. A new model of pipeline resistance was
established, and the reliability of the new model was verified by industrial test. The results provide an important
basis for selecting the operation parameters of the filling system.
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