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Research on Optimization of Pipeline Transportation Performance for High Mass Concentration Tailings Slurry
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Abstract: Pipeline transportation of tailings slurry is the key to efficient tailings discharge in mines. In order to explore the
variation law of flow resistance of mine tailings slurry during pipeline transportation, the influence of multiple factors such as
flow velocity, transportation pipe diameter, slurry mass concentration and their interaction on the flow resistance of tailings
slurry transportation was analyzed by orthogonal test, and the pipeline transportation parameters of tailings slurry were
optimized. The results are as follows. Firstly, the F' value of the established regression model is 4 660.66, the P value is less
than 0.000 1, and the fitting value R* is 0.997, indicating that the model has high reliability. The model can accurately
characterize the change of the resistance along the slurry transportation under different working conditions. Secondly., when the
flow rate is low (1 =2 m/s), the slope of the curve of the resistance loss along the way is small. When the flow rate is greater
than 2 m/s, the curve of the resistance loss along the way is steeper, the resistance is greater, and it increases sharply.
Thirdly, the influence degree of multi-factor interaction from large to small is the interaction of tailings slurry flow rate and
mass concentration, the interaction of tailings slurry flow rate and transportation pipe diameter, and the interaction of slurry

mass concentration and transportation pipe diameter. Fourthly, the optimized pipeline transportation parameters are as follows:
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the mass concentration of slurry transportation is 56 %, the slurry transportation speed is 1.6 m/s, the transportation pipe

diameter is 127 mm, and the predicted resistance along the way is 0.242 kPa/m. The measured resistance along the way in the

test is 0.233 kPa/m. and the error is only 3.7%, which is within the controllable range. It shows that the accuracy of the

prediction model is high, and the resistance along the way is small under this working condition, which meets the requirements

of long-distance transportation. The test results provide a reference for the efficient pipeline transportation design of high mass

concentration tailings slurry in mines.

Key words: Tailings slurry, Pipeline transportation, Flow resistance, Loop test, Interaction
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Table 1 Basic physical parameters of full tailings

HIE/ WA S/ WA E/ /11 L
(g/cm?®) (g/cm?) (g/cm?) fLBRER/ % fLBRR/ %
3.09 1.77 1.94 42.7 37.2
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Fig.1 Particle size distribution
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Table 2 Determination results of main

chemical components of whole tailings %

SiO2 MgO Fe: O3 CaO Al O3 TiO2 Na;O K:0 P05 SOz

42,2 15.1 12,9 11.8 8.8 4.4 0.8 0.5 0.5 0.3
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Table 3 Test schemes

A= T/ (m/s) J iR/ % F 1% /mm
1 1 54 180
2 2 54 140
3 3 48 140
4 1 60 140
) 3 60 140
6 3 54 125
7 2 48 125
8 1 48 140
9 2 60 180
10 3 54 180
11 2 54 140
12 1 54 125
13 2 48 180
14 2 54 140
15 2 60 125
16 2 54 140
17 2 54 140
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Table 4 Test results
Fr i/ T HE R B/ B/ WY AR R 77/
(m/s) % mm (kPa/m)
1 1 54 180 0.153
2 2 54 140 0.349
3 3 48 140 0.799
4 1 60 140 0.194
5 3 60 140 0.901
6 3 54 125 0.897
7 2 48 125 0.340
8 1 48 140 0.163
9 2 60 180 0.347
10 3 54 180 0.802
11 2 54 140 0.349
12 1 54 125 0.188
13 2 48 180 0.301
14 2 54 140 0.349
15 2 60 125 0.409
16 2 54 140 0.349
17 2 54 140 0.349
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Table 5 Results of model analysis of variance

A U5 S5 R ¥ F {4 P i #/E

g 1.040 0 0.1157 4 660.66 <<0.0001 @&
X 0.9119  0.9119 36 739.43 <C0.000 1
Y 0.007 7 0.007 7 309.73  <C0.000 1
Z 0.006 7 0.006 7 268.72  <<0.000 1
Xy 0.001 3  0.001 3 50.77 0.000 2
Xz 0.000 9 0.000 9 36.26 0.000 5
YZ 0.0001  0.000 1 5.33 0.054 3
X2 0.1119  0.1119 4 506.97 < 0.000 1
Y? 0.000 0 0.000 0 0.858 8 0.384 9
A 0.000 0 0.000 0 0.678 5 0.437 3
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way under single factor
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Fig.3 The change of resistance along the way under the interaction of different factors
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