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Gravity transport law of paste based on inclined pipe experiment
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Abstract: A four-factor of six-level uniform design scheme was used on the basis of a self-made inclined pipe
experimental device. Affecting laws between each factor and rheological parameters for paste slurry were got by
regression analysis. Laws of rheological parameters for paste slurry and gravity transport were analyzed, and then the
models between the maximum stowing gradient and rheological parameters were established. According to the real filling
conditions of a certain Pb &Zn mine in Yunnan Province, China, when the mass fraction of slurry is from 77% to 80%, its
maximum filling times lines are 10.83, 6.49, 5.00 and 4.12, respectively. These results provide theoretical basis for
determining mass fraction of paste slurry in different underground goafs.
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Fig. 1  Schematic diagram of stress analysis of slurry
infinitesimal section
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Fig. 2 Grain size curves of paste materials
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Table 1 U design table of U6*(64) N

3 #R5WE
Test No.
Sample No.
1 2 3 4

Al 1 2 3 6 RO PR RS 5) AR SEIS A 2Kk
A2 2 4 6 5 FE A A FDRLR Brst 73 8. AN ARG LE A1 R 1)
A3 3 6 2 4 TERES L, 4610, WAV LIS 2F AR R
A4 4 1 5 3 BZH, WK 3; WALRIHRAESHNE 4. K
AS 5 3 1 2 RHE S I AR A S50 A5 2 A AT Lo A, 45 3
A6 6 5 4 1 K5, HERSAAL RN ) KRZE N 8.818%, F

F2 U (64)s2m %37 %

YR 22N 5.586%; MBMERNE iR ZE N 12.702%, T

Table2 Scheme of experiment Ue'(64) BJRZEN 7.311%. DL, BURVE SIS i A 5 54
Sample Mass fraction Mass ratio of Stock tailing Waste RIS e
No. of slurry/% sand to cement  ratio/%  ratio/%
A 75.5 7:1 7 16 3.1 BREADFWMERSN
A 76.0 9:1 16 13 WA 4 KZR 6 AT LI Bt SRS IR, 0] i
Ay 76.5 11:1 4 10 JIHEAT [ 23 B
A 770 ol 13 Y = —2.74x10% +35.9x, +1.78x, —43.66 " —65.5¢ %
As 77.5 8:1 1 4
Ag 78.0 10:1 10 1 (12)
ey R EIRY T, Pas x AR R4
=3 URME LI BB RAE S
Table 3 Rheological parameters of slurry obtained by inclined pipe experiment
Sample Density, Volume fraction, Flow volume/cm’ Velocity/(m's ) Yield .Plast?c
No.  plkgm?) pl% Dip175°  Dip267°  Dipl75°  Dip267  ape  wiown
p p p p 7o/Pa up/(Pas)
A 1910 53.12 2638.4 4091.4 0.836 1.2964 37.268 0.701
A, 1971 53.79 1755.4 3208.4 0.5562 1.0166 61.057 0.746
A 2003 54.48 1003.3 2353.1 0.3179 0.7456 79.457 0.841
Ay 2038 55.17 369.3 1502.0 0.117 0.4814 96.553 1.030
As 2085 55.86 276.1 1291.7 0.0885 0.4140 100.860 1.188
Ag 2122 56.59 124.8 1223.1 0.04 0.392 108.564 1.121
R4 KA E KRR AR S5
Table 4 Rheological parameters of slurry measured by rheometer
Sample Mass fraction of Mass ratio of Stock tailings Waste Yield stress,  Plastic viscosity,
No. slurry/% sand to cement ratio/% ratio/% 7o/Pa ug/(Pa-s)
A 75.5 7:1 7 16 40.872 0.803
A, 76.0 9:1 16 13 63.562 0.823
A 76.5 11:1 4 10 81.543 0.882
Ay 77.0 6:1 13 7 102.563 1.103
As 77.5 8:1 1 4 107.9032 1.231
Ag 78.0 10:1 10 1 115.263 1.206
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Table S  Error analysis of yield stress and plastic viscosity

Sample Yield stress, 7y/Pa Plastic viscosity, up/(Pas) Yield stress Plastic viscosity
No. Inclined pipe Rheometer Inclined pipe Rheometer error/% error/%
A 37.268 40.872 0.701 0.803 8.818 12.702
A, 61.057 63.562 0.746 0.823 3.941 9.356
A; 79.457 81.543 0.841 0.882 2.558 4.649
Ay 96.553 102.563 1.030 1.103 5.860 6.618
As 100.860 107.9032 1.188 1.231 6.527 3.493
Ag 108.564 115.263 1.121 1.206 5.812 7.048
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Fig. 4 Standard regression coefficient(a) and partial regression

square sum(b) of yield stress of slurry
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Table 6 Maximum filling time line slurry with different mass

ratios for gravity transport

Mass Yield

. . Plastic Maxi
Velocity/ Density/ ashe aximum

el s tim ) S VS
77 0.944 2.04 37.34 0.377 10.83
78 0.944 2.05 73.24 0.412 6.49
79 0.944 2.08 98.14 0.499 5.00
80 0.944 2,12  125.04 0.725 4.12
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