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Pipeline transportation is the key component of the mine filling system. In this study, fresh cement tailing backfill (CTB) slurry made
by unclassified tailings from the Daye iron mine is taken as the research object, and its rheological parameters and transport
characteristics are studied via laboratory test and FLUENTsoftware. It was found that the relationship curve of the dynamic yield stress,
viscosity, and solid content (SC) of CTB slurry fits the law of the H-B model when SC varies between 60% and 68%. However, the
relationship curve gradually changes to fit the Binghammode when SC reaches up to 70%. Numerical simulation results demonstrate
that when the SC of CTB slurry exceeds 65%, the static pressure at the pipeline’s outlet begins to distribute symmetrically. At this point,
the slurry flow state is relatively stable, and the pipeline resistance loss is positively correlated with SC and flow rate. When SC exceeds
70%, resistance loss begins to increase significantly. %e findings of this study can be used to identify the suitable transportation
conditions of CTB slurry and provide the theoretical direction for the pipeline transportation design of filling systems in mines.

1. Introduction

%e open stope mining method is the most widely used
underground mining method because of its high production
capacity, but it has led to the creation of numerous goafs,
which can cause serious safety problems, such as surface
subsidence, rock bursts, and strata movement [1, 2]. %e
filling mining method is usually adopted to handle the
mined-out areas with tailings.%is kind of treatment can not
only prevent surface subsidence but also effectively dispose
of solid wastes and improve the resource recovery rate [3].
Moreover, as the mining depth further deepens, the back-
filling body can remarkably affect the controlling ground
pressure activities and prevent rock burst [4, 5].%erefore, in
recent years, the Chinese government has vigorously ad-
vocated the use of the filling mining method in underground
metal mines, as this approach is safer and more environ-
mentally friendly, and it will likely become a trend in the
future [6, 7]. Besides, with the wide application of filling
technology, the stability, reliability, and safety of filling
systems have become the main problems faced by scholars.

As the mining depth further deepens, the delivery
distance and the length of the transportation pipeline
become increasingly longer, which complicates the trans-
portation system, leading to many safety and stability
problems (such as pipe blocking, pipe breaking, etc.) of
filling systems [8]. %e fresh-filling slurry transportation
technology is one of the core technologies of the filling
mining method.%e transport characteristics of slurries are
related to the design and application of the filling system
[9, 10]. Consequently, many researchers have focused on
the characteristic parameters and related effects of filling
pipeline transportation systems.

%e pipeline transportation of a filling slurry is a kind of
a solid-liquid two-phase flow [11], and its rule of flow in the
pipeline is mainly affected by the solid content (SC) and flow
rate of the slurry. Several researchers have recently imple-
mented various laboratory tests to obtain flow characteristic
parameters, such as yield stress and viscosity coefficient. Cao
et al. [12, 13] studied the rheology and sedimentation
characteristics of fresh CTB slurry with different SC and c/t
ratios. Yang et al. [14] found through rheological

Hindawi
Advances in Civil Engineering
Volume 2021, Article ID 7916244, 16 pages
https://doi.org/10.1155/2021/7916244

mailto:tanyuye@ustb.edu.cn
https://orcid.org/0000-0002-8540-3655
https://orcid.org/0000-0003-1428-1125
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/7916244


experiments that yield stress could increase significantly
with the increase in SCwhen the solid-phasemass fraction of
a copper tailing slurry exceeds 70%. By combining experi-
mental research with theoretical analysis, Cai et al. [15]
introduced the Papanastasiou viscoplastic fluid model to
characterize the variation process of viscosity and shear
stress of a tailings’ filling slurry. Wang et al. [16] conducted
experiments on the tailings of the second mining area of a
nonferrous metal mining company in Jinchuan and ob-
tained a rheological model of the experimental slurry. Kou
et al. [17] performed rheological property tests on the high-
concentration filling slurry of unclassified tailings and ob-
tained the rheological curve of paste and the optimal fitting
model. Wang et al. [18] analyzed through laboratory ex-
periments the influence of different SC on rheological
properties. Wu et al. [19] constructed a mathematical model
of the antisegregation property by determining its coefficient
and performed the bleeding rate test experiment and slurry
rheological property experiment to verify the coefficient.
Because a rheometer has the advantages of saving materials,
simple operation, and short experimental time, the rheo-
logical properties of CTB slurry are mainly measured by
rheometer. %e rheological model of slurry is obtained by
fitting the relationship curve between shear rate and shear
stress obtained by the rheometer. Bingham model and
Herschel–Bulkley (H-B) model are the most widely used and
highly recognized rheological models in the field of filling
mine. However, for the practical problems to be studied, the
appropriate rheological model should be selected according
to the specific situation.

With the development of computer technology, the
software used to simulate computational fluid dynamics has
been widely adopted in the study of fluid rheological
properties [20]. Among them, FLUENT is the most widely
used, as it can simulate the flow of filling slurry in pipelines
and subsequently obtain the distribution law of slurry
pressure and flow velocity in the pipeline [21]. Chen et al.
[22] used FLUENTto simulate the pipeline transportation of
a filling slurry and obtained the relationship equation be-
tween slurry velocity and on-way resistance. Zhang et al. [23]
simulated the pipeline transportation of a high-density
filling slurry with coarse aggregates, consequently providing
a theoretical basis for its application in mines. Deng et al.
[24] performed a simulation experiment of the self-flow
transportation of a filling slurry in an L-shaped pipeline
based on FLUENT, conducted transportation numerical
simulation in a long-distance pipeline, and analyzed the flow
pressure, velocity, and deflection characteristics of the filling
slurry with different SCs [25]. Xiao et al. [26] applied
FLUENT to calculate velocity distribution and pressure loss,
and the simulation result was in good agreement with the
experimental results. %e cost of slurry transportation ex-
periment (L-tube or loop tube experiment) is high, and the
test equipment is expensive. Computer simulation can make
up for the shortcomings of traditional experimental ob-
servation methods and high costs. At the same time, for
complex multiphase flow and other problems, the computer
can do a good simulation analysis, which provides a pow-
erful and fast tool for in-depth study of slurry pipeline

transportation. However, in the present stage of research,
there are few simulation models based on the actual filling
pipeline, which cannot reflect the actual situation of mine
filling, and the results are often unsatisfactory.

In this study, by taking fresh cement tailing backfill (CTB)
slurry from an iron mine in Daye as the research object, the
relationship between the rheological parameters and SCs of the
CTB slurry were obtained through a rheological characteristic
experiment. Furthermore, the pipeline transportation model
was established based on the actual situation on-site, the
pipeline transportation situation of the CTB slurry was sim-
ulated and analyzed using FLUENT, and the flow velocity
distribution law, pressure distribution law, and influence of SC
on the transportation state were studied. %e findings of this
study can help to determine the requirements and conditions
of CTB slurry transportation, thereafter providing a theoretical
basis for the design of the unclassified cemented tailing
backfilling system in the iron mine in Daye, and play a vital
role in ensuring the filling pipe transportation performance,
improving the filling quality, and reducing the filling cost.

2. Laboratory Test on Rheological Parameters

2.1. Materials

2.1.1. Unclassified Tailings. %e unclassified tailings were
obtained from the underflow of a tailings thickener in an
iron mine concentrator in Daye. After the tailings were
retrieved, the free water was filtered with a filter cloth and
then dried using a DGG-9420 dryer at 50°C for 18 h. In this
manner, the tailings for testing as required for the experi-
ment could be obtained.

As shown in Table 1 and Figure 1, the grading of the
unclassified tailings is not particularly uniform, there are more
coarse particles and fine particles, less intermediate particles,
and the average median particle size and surface volume av-
erage particle size of the tailings are smaller, which belongs to
the category of fine particles. %e tailings have a large sepa-
ration coefficient and are suitable for underground filling [27].

%e main chemical compositions of the tested tailings
were determined via the x-ray diffraction. %e results are
shown in Table 2; the SiO2 content was 26.30 wt. %, while the
TFe content was 20.79 wt. %. Figure 2(a) shows the general
distribution of elements by SEM; it can be seen that the
general distribution of surface scan elements is rose red,
purple, yellow, and black, which represent silicon, calcium,
germanium, magnesium, sodium, and other elements as well
as pores, indicating that the chemical elements of the whole
tailings are mainly composed of these elements. Figure 2(b)
shows the chemical composition of unclassified tailings by
the XRD phase analyzer.

2.1.2. Water and Binder. As the composition of tap water is
negligible from place to place, the effect of the varying tap
water on themechanical properties of the backfill sample can
be ignored [28]. Laboratory tap water was used for the
sample preparation in this experiment. In addition, Portland
cement (PC) 32.5R was used as the binder. %e physical
properties of PC 32.5R were obtained via the constant
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volume weighing method (Table 3). %e binder contained
large quantities of CaO and SiO2, which are conducive to
enhancing the cohesion and strength of the filling body [29].

2.2. Experimental Installations andTests. A single factor five-
level design was used in the experiment. %e cement-to-
tailing mass ratio was 1 : 8, and the SCs were set as 60%, 63%,
65%, 68%, and 70%.%e CTB slurry preparation was carried
out in strict accordance with the experimental procedure
and production standard of the filling laboratory of the
University of Science and Technology Beijing. First, the
cement and tailing materials were put into a basin according
to a specified proportion and then mixed with hands until
even mixing was achieved. %en, water was poured
according to the calculated proportion, and mixing was
continued using a mixer. After another round of even
mixing, the fresh CTB slurry was tested using an R/S four-
blade propeller rheometer. %e measurement range of the
rheometer is 0.01∼1000 rpm, and the rotor model is VT-40-
20 type paddle rotor. %e rheometer rotor was immersed
into the fresh CTB slurry to be measured, and the rise in
shear rate was controlled in the range of 0 to 120s−1 within
120 s. %en, the rheological parameters were monitored, and
the results were outputted to the Rheo3000 computer
program in real time. %e change curves of apparent vis-
cosity and shear stress are shown in Figure 3.

2.3. Results and Analysis. Fresh CTB slurry is considered to
be a non-Newtonian fluid and it can be described by the
Bingham model and the H-B model. Compared with the

fitting results of Bingham model, H-B model has a better
fitting effect on the shear rate-shear stress curve, indicating
that H-Bmodel is suitable for describing the shear rate-shear
stress curve in this study.%eH-Bmodel can be expressed as

τ � τ0 + η · c
n
, (1)

where τ0 is the yield stress, Pa; η is the plastic viscosity coef-
ficient, Pa·S; c is the shear rate, s−1; and n is the flow index; when
n>1, the material has the characteristic of shear thickening;
when n< 1, thematerial has the characteristic of shear-thinning;
when n� 1, it degenerates into Bingham model.

It can be seen from Figure 3(b) that the apparent vis-
cosity decreases first and then increases with the increase of
shear rate. %e shear rate at the beginning of apparent
viscosity increase is considered to be the critical shear rate to
characterize the beginning of shear thickening. It can be seen
that the critical shear rate point of the slurry is obvious,
which indicates the shear thickening characteristic of the
slurry.

Table 4 lists the values of shear stress with shear rate at
different SCs. %e Bingham model and the H-B model were
used for the regression analysis, and the relationship be-
tween shear stress and shear rate was obtained. %e details
are shown in Figure 4 and Table 5. %e comparison and
analysis are as follows:

(i) With the increase in SC of the CTB slurry, the curve
between shear stress and shear rate gradually
transits from nonlinear to linear. When the SC
reaches 70%, the fitting curve tends to be linear.

(ii) When the SC of the CTB slurry is between 60% and
68%, the R2 value fitted by the H-B model is higher
than that of the Bingham model. However, with the
increase in SC, the fitting degree of the Bingham
model gradually increases. When the SC reaches
70%, the R2 value fitted by the Bingham model
exceeds that of the H-Bmodel.%en, the rheological
state of the slurry changes from the H-B model to
the Bingham model.

(iii) Binghammodel is a special case of H-B model when
n� 1. With the increase of SC of CTB slurry, the
flow index n of H-B model decreases and ap-
proaches 1.

(iv) When the SC of the CTB slurry is between 60% and
68%, the correlation of the H-B model is much
higher than that of the Bingham model. %erefore,
using the H-B model for subsequent analysis is
more reasonable for the experiment.

Table 5 shows the fitting results of the regression analysis
between shear stress and shear rate of the CTB slurry. %e
fitting curve between SC and viscosity and dynamic yield stress
is shown in Figure 5. %e analysis of the trends is as follows:

Table 1: Physical properties of unclassified tailings.

Median particle
size d50 (μm) D(3, 2) (μm) Separation coefficient S0 Proportion c Bulk density (t·m−3) Porosity ω (%) Surface area ϖ (cm2·cm−3)

37.925 14.319 5.595 3.2 1.47 57 6400
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Figure 1: Cumulative particle size distribution curve of unclas-
sified tailings.
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Figure 2: (a) General distribution of elements; (b) the chemical composition of unclassified tailing.

Table 3: Basic physical parameters of cemented aggregate.

Name Proportion c Bulk density ρ (t∙m−3) Porosity ω (%)
Binder 2.90 1.22 57.93
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Figure 3: Rheometer and program Rheo3000: (a) instrument diagram; (b) apparent viscosity curve; (c) shear stress curve.

Table 4: Shear stress at different shear rates (Pa).

Shear rate (s−1)
SC (%)

60 63 65 68 70
10 4.68 8.62 18.32 40.96 101.03
20 4.66 9.01 19.03 43.12 103.32
30 5.24 9.90 19.90 44.20 105.51
40 5.80 10.53 21.00 45.73 107.95
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(i) With the increase in SC, the slurry viscosity also
increases exponentially. When the SC is between
60% and 63%, the viscosity value is extremely small.
When the SC is 65%, the viscosity value starts to
increase gradually. When the SC reaches 70%, the
viscosity value starts to rise sharply, and the slurry
viscosity increases significantly.

(ii) With the increase in SC, the dynamic yield stress of
the CTB slurry increases exponentially. Further-
more, the difference in the dynamic yield stress of the
adjacent SC becomes prominently large. %is trend
can be explained by the increase in the slurry’s SC,
the flocculent structure formed between solid par-
ticles and the enhanced strength between solid

Table 4: Continued.

Shear rate (s−1)
SC (%)

60 63 65 68 70
50 6.25 10.89 21.55 47.30 110.19
60 7.22 12.01 22.91 48.74 113.00
70 8.74 13.47 23.70 50.56 116.20
80 13.02 14.92 24.82 52.00 118.80
90 14.72 16.61 26.00 53.60 121.01
100 18.00 19.02 27.79 55.65 123.40
110 21.95 22.93 30.80 58.11 126.00
120 25.61 26.49 34.94 61.59 128.11
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Figure 4: Shear stress-shear rate curves of CTB slurry with different SC: (a) Bingham model; (b) H-B model.

Table 5: Fitting results of CTB slurry with different SC.

SC (%) Fitting model τ0 (Pa) η (Pa·s) n Regression equation R2

60 Bingham −0.98 0.19 — τ � −0.98 + 0.19c 0.88211
H-B 4.41 7.85E− 5 2.62 τ � 4.41 + 7.85×10−5c2.62 0.99311

63 Bingham 4.77 0.15 — τ � 4.77 + 0.15c 0.89196
H-B 9.18 4.04E− 5 2.71 τ � 9.18 + 4.04×10−5c2.71 0.99476

65 Bingham 16.60 0.13 — τ � 15.6 + 0.13c 0.91804
H-B 19.17 2.06E− 4 2.34 τ � 19.17 + 2.06×10−4c2.34 0.9769

68 Bingham 38.83 0.17 — τ � 38.83 + 0.17c 0.98493
H-B 41.07 0.03 1.37 τ � 41.07 + 0.03c1.37 0.99173

70 Bingham 98.14 0.25 — τ � 98.14 + 0.25c 0.9987
H-B 98.47 0.22 1.03 τ � 98.47 + 0.22c1.03 0.99849
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particles and water, and the enhanced ability to resist
shear deformation. However, the degree of shear
failure has become severe.

3. Numerical Simulation of Pipeline
Transport Characteristics

3.1. Simulation Scheme. Many studies have proved that the
simulation results of FLUENT software accord with the
actual situation and have a high reference value for industrial
design. And the reliability of the simulation of slurry
transport dynamic characteristics by the software is verified
by natural settlement test, circular pipe test, and engineering
application. In order to facilitate modeling and analysis, the
basic hypothesis and prerequisite should be made before
simulation [30]:

(a) %e viscosity of filling slurry cannot change with
time and temperature; that is, it has constant
viscosity

(b) %e slurry is considered to be incompressible
(c) Heat exchange is not considered in the simulation

process
(d) %e influence of vibration and seismic pressure

waves on pipeline transportation is not considered
(e) On the initial simulation, the pipeline is full pipe

flow

FLUENT uses Gambit to build calculation models and
generate meshes. In consideration of the complexity of
actual transportation systems and the limited ability of
computer calculation, a 2D plane model was used for
modeling, and the pipe network layout was simplified
(Figure 6). %e total length and diameter of the pipeline
model were 1513m and 121mm, respectively. Four inflec-
tion points were identified, and the inflection point was
divided via local encryption. %e grid spacing at the

inflection point was 0.02m, and the grid spacing of the other
parts was 0.1m (Figure 6). %e boundary conditions in-
cluded the velocity inlet and the free outflow.%e output was
in the form of a Mesh file.

%e Import Mesh file was used in FLUENT and a 2D
double-precision solver was selected to solve the problem.
%e main parameter settings in the solution process are
shown in Table 6. %e viscosity and density of fresh CTB
slurry of different solid contents were determined through
laboratory experiments rheometer test.

3.2. Analysis of the Influence of SC on Pipeline Transportation.
Take the CTB slurry with a flow rate of 50m3/h as an ex-
ample. %e numerical simulation results were 60%, 63%,
65%, 68%, and 70%.%en, the velocity and pressure changes
in the pipeline transportation were analyzed.

3.2.1. Analysis of Velocity Change. When the SC is between
60% and 68%, themaximum velocity of the CTB slurry in the
pipeline does not change much. However, when the SC
reaches 70%, the maximum velocity increases significantly.
Furthermore, within the simulated SC range, in vertical and
inclined pipes, the flow velocity of the slurry increases under
the action of gravity, and the maximum velocity of the CTB
slurry appears at the bottom of the vertical bend at inflection
point D (Figure 7). When the inflection point is encoun-
tered, the slurry velocity will surge because of the sudden
change in flow direction. %e higher the slurry velocity, the
greater the impact force on the pipe wall, and the more
serious the pipe wall abrasion to be caused. As shown in
Figure 8, when the SC of the CTB slurry is between 65% and
68%, the maximum velocity at D is at the minimum similar
to the wear of the elbow. In addition, in the whole pipeline
transportation process, the pipe wall also has friction re-
sistance to the slurry, so that the slurry velocity decreases.
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Figure 5: Fitting result: (a) viscosity and SC; (b) dynamic yield stress and SC.
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3.2.2. Analysis of Pressure Change. Figures 9–13 illustrate
the pipeline transportation. %e abscissa in the figure rep-
resents the length of the pipe section at the exit, and the
position from 0 to 0.121m is from the top of the pipe to the
bottom of the pipe. %e dynamic pressure on the cross
section of the pipeline gradually decreases from the center
line to the pipe wall, whereas the static pressure increases
gradually from the center line to the pipe wall. Moreover, the
static pressure in the pipeline is much greater than the
dynamic pressure. %us, the pressure on the pipe wall is
mainly static pressure. A comparison of the static pressure
distribution diagram of the five SCs indicates that when the
SC is 60% and 63%, the static pressure is asymmetrically
distributed along the pipe diameter, and the slurry flow is
unstable. When the SC exceeds 65%, the static pressure
begins to be symmetrically distributed, and the slurry flow
state is relatively stable.

3.2.3. Analysis of Pressure Difference Change. As shown in
Figure 14, when the SC of the CTB slurry is increased, the
pressure difference between the inlet and outlet of the
backfilling pipe increases gradually, and the static pressure
difference changes prominently. Moreover, when the SC
reaches 70%, the static pressure difference suddenly in-
creases sharply. Compared with the static pressure dif-
ference, the dynamic pressure difference at the inlet and
outlet also increases with the increase in SC, but the in-
crease rate is weak. %erefore, when considering the total
pressure difference, the dynamic pressure difference can be
ignored and only the static pressure difference can be
considered. According to the Bernoulli equation, the re-
sistance loss of the backfilling pipeline increases with the
increase in the pressure difference between the inlet and
outlet of the backfilling pipeline. When the SC reaches 70%,
the pressure difference between the inlet and outlet
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Mined area filling
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Inclined pipe connection
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Figure 6: Filling pipe model.

Table 6: Setting parameters of CTB slurry with different SCs.

SC (%) Density (kg/m3) Viscosity (Pa·s) Flow rate (m3/h) Inlet velocity (m/s)

60 1693 7.85×10−5
50 1.21
65 1.57
80 1.93

63 1754 4.04×10−5
50 1.21
65 1.57
80 1.93

65 1797 2.06×10−4
50 1.21
65 1.57
80 1.93

68 1865 0.03
50 1.21
65 1.57
80 1.93

70 1914 0.22
50 1.21
65 1.57
80 1.93
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Figure 7: Location of maximum velocity, inflection point D.
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Figure 8: Maximum velocity of slurry with different SC in the pipeline.
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Figure 9: Outlet pressure distribution of slurry with solid content 60% (Pa): (a) dynamic pressure; (b) static pressure.
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Figure 10: Outlet pressure distribution of slurry with solid content 63% (Pa): (a) dynamic pressure; (b) static pressure.
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Figure 11: Outlet pressure distribution of slurry with solid content 65% (Pa): (a) dynamic pressure; (b) static pressure.
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Figure 12: Outlet pressure distribution of slurry with solid content 68% (Pa): (a) dynamic pressure; (b) static pressure.
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increases greatly, which leads to the increase in resistance
loss along the pipeline and the risk of pipe plugging.

3.3. Analysis of the Influence of Flow Rate on Pipeline
Transportation. Take the CTB slurry with SC of 65% as an
example. %en, the velocity and pressure of the pipeline’s
self-flowing transportation under different flow rates (i.e.,
different inlet velocities) are analyzed.%e three slurries with
flow rates of 50, 65, and 80m3/h are selected for simulation.
%e results are shown in Figures 15 and 16.With the increase
in flow rate of the filling slurry, the inlet velocity increases
correspondingly, and the maximum velocity in the pipeline
also increases. However, the location of the maximum ve-
locity remains at inflection point D. %e variation of static
pressure is much greater than that of dynamic pressure.

With the increase in flow rate, the pressure difference at the
inlet and outlet of the pipeline gradually increases, and the
resistance loss of the pipeline also increases. %e greater the
filling flow rate, the greater the resistance loss.

3.4. Analysis of Wear Law of the Pipeline. Taking the CTB
slurry with flow rate of 50m3/s and SC of 70% as an example,
the distribution of velocity and pressure in the filling pipe
network is analyzed.

Figure 17 shows the change of flow velocity near the inlet
of the model. It can be seen from the figure that the flow
velocity near the pipe wall is low and the flow state is stable.
%e slurry flow velocity in the central part of the pipe is
gradually increasing, and the closer to the center, the greater
the flow velocity.
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Figure 13: Outlet pressure distribution of slurry with solid content 70% (Pa): (a) dynamic pressure; (b) static pressure.
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Figure 14: Inlet and outlet pressure of slurry with different SCs: (a) dynamic pressure; (b) static pressure.
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Figure 18 shows the velocity distribution near the four
inflection points in the pipeline model. %e slurry velocity
changes abruptly at the elbow in Figure 18(c), and the velocity
increases from the inlet near the elbow to the outlet of the
elbow. %e maximum velocity occurs from a small section
before the outlet of the elbow to the outlet of the elbow.

From the velocity distribution of four inflection points
A, B, C, and D, it can be seen that the velocity of slurry will
surge at every bend, especially at inflection points C and D,
which have higher velocity on the inner wall of the transition
to the vertical pipe section. It can be seen that the impact of
the filling slurry on the inclined pipe and elbow is very
strong, especially on the inside of the elbow near the vertical
pipe section.

Figure 19 shows the pressure distribution at the four
inflection points; it can be seen that the results of pressure
distribution are completely consistent with that of velocity
distribution.%e larger part of pressure appears in the inside
of inclined pipe and elbow. %e most prominent part of
pressure is the transition part from elbow to vertical pipe,
and the pressure of the transition part of adjacent horizontal
pipe cannot be ignored. %e pressure at the bottom wall of
horizontal pipe is higher than that at the upper wall.
%erefore, it can be inferred that the most seriously worn
parts in the filling pipe network are inflection points A, B, C,
and D, the transition parts of the adjacent vertical and
horizontal pipe sections, and the bottom wall of the hori-
zontal pipe section.
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Figure 15: Maximum velocity of slurry with different flow rates in the pipeline.
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Figure 16: Inlet and outlet pressure of slurry with different flow rates: (a) dynamic pressure; (b) static pressure.
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Figure 17: %e velocity distribution of 70% slurry near the inlet.
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Figure 18: %e velocity distribution: (a) inflection point A; (b) inflection point B; (c) inflection point C; (d) inflection point D.
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Figure 19: Continued.
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Figures 20 and 21 show the velocity distribution of slurry
in vertical and horizontal sections, respectively. According
to the figure, the velocity of slurry in the stable pipe section is
basically stable, and the maximum velocity appears near the
center line of the pipeline, and the flow velocity decreases
from the center of the pipe to the pipe wall, and the flow
velocity at the pipe wall is the lowest. It can be seen from
Figure 20 that the slurry fluidity at the bottom of horizontal
pipe is obviously higher than that of upper part within a
distance of the horizontal pipe just reaching the horizontal
pipe. %erefore, it can be seen that the abrasion of the pipe
wall at the bottom of the horizontal pipe section is more
serious than that of the upper part.

4. Conclusion

%e rheological parameters and transport characteristics of
fresh CTB slurry were studied by laboratory test and nu-
merical simulation. %e main conclusions are as follows:

(1) When the SC of fresh CTB slurry varies among the
range of 60%–65%, the change rule of the fitting
curve between dynamic yield stress, viscosity, and SC
conforms to the H-B model. With the increase in SC,
the fitting curve gradually transits from nonlinear to
linear. Even more, when the SC reaches 70% and
upon, the fitting curve changes from the H-B model
to the Bingham model.
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Figure 19: %e pressure distribution: (a) inflection point A; (b) inflection point B; (c) inflection point C; (d) inflection point D.

1.50e + 00
1.42e + 00
1.35e + 00
1.27e + 00
1.20e + 00
1.13e + 00
1.05e + 00
9.75e – 01
9.00e – 01
8.25e – 01
7.50e – 01
6.75e – 01
6.00e – 01
5.25e – 01
4.50e – 01
3.75e – 01
3.00e – 01
2.25e – 01
1.50e – 01
7.50e – 02
0.00e + 00

Figure 20: %e velocity distribution of 70% slurry in vertical pipe section.
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Figure 21: %e velocity distribution of 70% slurry in horizontal pipe.
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(2) With the increase in SC of the CTB slurry, the dy-
namic yield stress and viscosity increase exponen-
tially, and the viscosity increases significantly when
the SC reaches 70%.

(3) When the SC is between 60% and 63%, the slurry
flow is unstable, and the pressure distribution in the
pipe is uneven. When the SC is between 65% and
68%, the slurry flow state is relatively stable, and the
pressure distribution is symmetrical along the pipe
diameter. When the SC reaches 70%, the pressure
difference suddenly increases, and the resistance loss
in the pipeline increases greatly.

(4) In order to avoid pipe plugging accident, the filling
slurry concentration should be less than 70%.
According to the analysis results of flow velocity and
pressure, it is best to control the slurry concentration
between 65% and 68% in the Daye iron mine.

(5) With the increase in flow rate of the CTB slurry, the
maximum velocity in the pipeline increases, and the
static pressure difference between the inlet and outlet
of the pipeline increases significantly, which leads to
the increase in resistance loss of the pipeline.
%erefore, smaller inlet velocity can be controlled to
reduce the resistance loss of the pipeline.

(6) Aiming at the inflection points A, B, C, and D, the
transition part of the adjacent vertical pipe section
and horizontal pipe section, and the bottom wall of
the horizontal pipe section, which is the most serious
wear problem of the filling pipe network in Daye iron
mine, wear-resistant pipe material can be used to
strengthen the inflection point, and the horizontal
pipe can be turned over regularly.
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