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1. Arrow dirction is conveyor direction;

2.1,2,3,4,5 are positions of measure point;

3. Distance between points 1 and 2 is 7 m, vertical upward
direction; distance between points 3 and 4 is 30 m,
horizontal direction; distance between points 1 and 5 is
120 m, which includes two vertical upward direction and
two vertical downward direction, rest of pipeline adapte

horizontal arrangement.
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Fig. 1 Layout of pipeline transportation system
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Table 1 Grain size distribution of tailings

Grain size/mm Cumulative distribution rate/%

0.042 10
0.14 30
0.21 50
0.49 90
0.96 95
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Table 2 Sedimentation of backfilling slurry (1 L)

Mass Sedimentation/mL
fraction/% 5 min 15 min 25 min
78 17.5 45 80
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Fig. 3 Change curves of pressure loss of backfilling slurry
with time under condition of cement-tailing ratio of 1:4,
transportation speed of 2.0 m/s and different solid mass
fractions: (a) 72%; (b) 78%
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Fig. 4 Change curves of pressure loss of backfilling slurry
with time under condition of cement-tailing ratio of 1:4,
transportation speed 2.0 m/s, restart pump after stopping for 15
min and different solid mass fractions: (a) 72%; (b) 78%
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Fig. 5 Change curves of pressure loss of backfilling slurry
with time under condition of cement-tailing ratio of 1:10, solid

mass fractions of 72%, transportation speed 2.0 m/s
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Table 3 Result of differential pressure testslurry under condition of mass concentrations of 72% and 78% , cement-sand ratio of 1:4

at different transportation speeds

Differential pressure/MPa

M;:is;re Mass concentration of 78% Mass concentration of 72%
1.6 m/s 1.8 m/s 2.0 m/s 1.6 m/s 1.8 m/s 2.0 m/s
dpl 0.0777 0.0804 0.0796 0.0116 0.0101 0.0153
dp2 0.0357 0.0357 0.0432 0.0110 0.0100 0.0215
dp3 0.1424 0.1561 0.1567 0.0585 0.0438 0.0034

T4 KW L4, WREEN 72%. 78%[I 70 k) 2% BA i B - 34 s 22

Table 4 Differential pressure per unit length of backfilling slurry under condition of mass concentrations of 72% and 78%,

cement-sand ratio of 1:4 at different transportation speeds

Pressure loss/(kPa'm™")

Pressure loss/(kParm ™)

Mass concentration/%

1.6 m/s 1.8 m/s 2.0 m/s 15 min 30 min
72 1.20 1.12 1.10 4.04 6.86
78 1.39 1.50 1.51 6.41 12.51
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Fig. 6 Room-pillar alternation level backfill method: 1—Orepass; 2—Transverse roadway; 3—Ramp interface; 4—Water injection
well; 5—Sublevel; 6—Crossheading; 7—Ore; 8—Fillback with cement-tailing ratio of 1:10; 9—Artificial roof; 10—Airshaft; 11—
Top pillar; 12—Auir return drift; 13—Middle transportation drift; 14—Fillback with cement-tailing ratio of 1:4
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Fig. 7 Layout of pipeline transportation system in Southwest Xinli district of Sanshandao Gold Mine
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Table 5 Total resistance of pipeline to transport slurry under
cement-sand radio of 1:4 with different mass concentration

under different flow velocity

Total resistance/MPa

Mass
concentration/% 1.6 m/s 1.8 m/s 2.0 m/s
72 3.07 2.86 2.81
78 3.55 3.83 3.86
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Pipeline transportation of backfilling slurry with
high filling times line and strong resistance in undersea mining

LIU Zhi-xiang, XIAO Si-you, WANG Wei-hua, LI Xi-bing, LAN Ming

(School of Resources and Safety Engineering, Central South University, Changsha 410083, China)

Abstract: In order to solve the existed technical problems in the filling slurry pipeline transportation, such as high mass
concentration, high filling times line, strong resistance, the flowing characteristics were studied by pumping looping pipe
experiment. The rheological characteristics were analyzed by measuring the date of hydraulic loss and pumping
resistance of restarting the pump after different pause times during transporting backfilling slurry with different matching,
flux and mass fraction. Combining the results of physical properties experiment and pumping looping pipe experiment
with non-Newtonian fluid mechanics, the flow and rheological characteristics of cement classified tailings backfilling
slurry with different matching and mass fraction in pipeline transportation were concluded. Fluent was used to calculate
the pressure loss and velocity distribution in pipeline. The simulation results show that, when the slurry is transported by
ceramic compound steel pipe with inner diameter of 125 mm, the pressure loss of transporting the filling slurry with mass
fractions of 72% and 78% and cement-sand ratio of 1:4 are below 5 MPa. The rheological model transforms
yield-pseudoplastic model to Bingham model with the improvement of mass fraction. Moreover, the pipeline pressure
loss of transporting the filling slurry with mass fractions of 72% and cement-sand ratio of 1:10 is greater than 9 MPa. The
flow characteristic of this filling slurry presents typical solid-liquid mixing two phase liquid character. The results provide
the theoretical basis and a new design idea for the parameter optimizing in pipeline transportation system to meet the
requirements of safety and efficiency mining.

Key word: strong resistance; pipe pumping; pumping looping pipe experiment; undersea mining; rheological

characteristic; computational fluid dynamics
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