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Simulation and experiment of backfilling pipeline transportation of
solid-liquid two-phase flow based on CFD
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Abstract: In order to solve the gravity transportation problems of backfilling slurry by pipelines in Hemushan Iron Mine,
solid-liquid two-phase flow theory and computational fluid dynamics (CFD) method were used. Two-phase flow control
equations of backfilling slurry in the pipeline through the gravity transportation were established. The three-dimensional
(3D) mesh model of real pipeline was established using soft Gambit and the numerical simulation was conducted in the
3D solver of Fluent. Through analyzing resistance loss of the pipeline and force condition of the elbow, optimal
transportation concentration and volume flow of the backfilling slurry were acquired. The slump test and natural
settlement test of backfilling slurry and in-situ industrial transportation test verify the reliability of the numerical
simulation results. The research results provide important basis for the parameter selection of the permanent backfilling
system in the mine.
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(a) Outlet dynamic pressure; (b) Inlet and outlet static pressures
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Table 1 Inlet and outlet pressures of pipeline at slurry flow of

80 m*/h and different slurry concentrations

Slurry Inlet Outlet Pressure
concentration/% pressure/kPa pressure/kPa difference/kPa
60 83.0 —158 241.0
65 87.4 -167 254.4
70 91.7 —-175 266.7
75 95.6 —-183 278.6
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Table 2 Inlet and outlet pressures of pipeline at slurry

concentration of 60% and different slurry flows

Volume flow/ Inlet Outlet Pressure
(m*h ™) pressure/kPa  pressure/kPa difference/kPa
60 49.8 —95.4 145.1
65 57.5 -110 167.5
70 65.3 —-125 190.3
75 74.0 —-140 215.0
80 83.0 —-158 241.0
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Table 3 Maximum force of elbow wall at slurry concentration

of 60% and different slurry flows

Volume flow of
backfilling slurry/ 60 65 70 75 80
(m*h™")
Maximum force of
elbow wall/N

6590 77.17 88.34 102.96 116.53

£ 4 REEREN 60 m/h IRLK MR X ERE 52 1)
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Table 4 Effect of slurry concentration on force of elbow wall

at slurry flow of 60 m*/h

Slurry concentration/% 60 65 70 75

Maximum force of

65.90 2.28 83.16 6.58
elbow wall/N ? 7 ?
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Table 5 Slump of backfilling slurry

Slurry Mass of total Mass of Slump/
concentration/% tailing/kg water/kg cm
80 12 3.385 —
75 12 4.216 6.8
70 12 5.143 16.0
65 12 6.182 20.7
60 12 8.000 25.5
55 12 10.220 —
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Fig. 4 Photos of samples at different slumps measurement: (a) 6.8 cm; (b) 16 cm; (c) 20.7 cm; (d) 25.5 cm
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Table 6 Results of settlement test of backfilling slurry at initial slurry concentration of 40%

Time/min  Volume of water/mL  Volume of slurry/mL.  Volume of water and slurry/mL ~ Slurry concentration after settlement/%

0 0 953 953 40.00
10 294 649 943 52.30
20 331 610 941 54.41
30 342 598 940 55.07
40 353 587 940 55.74
50 360 580 940 56.18
60 363 577 940 56.37
90 376 564 940 57.21
120 385 555 940 57.80
180 400 540 940 58.82
240 409 531 940 59.45
360 420 520 940 60.24
720 431 509 940 60.85
1 440 (24 h) 432 508 940 61.12
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Fig. 5 Photos of temporary filling

system: (a) Mixing plant; (b) Filling
borehole; (¢) Underground elbow
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