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As the key link of coal gangue slurry filling, slurry pipeline transportation is an

important guarantee to realize the slurry mixing and safe transportation of

gangue from solid powder. To realize the underground excavation gangue of

the Huangling No. 2 coal mine without raising the ground, the slurry filling

technology is proposed to transport the slurry made by gangue through the

pipeline and fill it into the goaf. The phase composition and microstructure

characteristics of underground excavation gangue in the Huangling No. 2 coal

mine were analyzed by X-ray diffraction and an electron microscope scanning

test, the slurry-forming properties of gangue powder with different particle

sizes and gradations were studied, and the influence of gangue slurry

concentration on its rheological properties was analyzed. The experimental

results show that the gangue powder crushed using a cage crusher can be

made into stable slurry when the particle grading size is the natural crushing

gradation with the upper limit of particle size less than 3 mm. The viscosity of

the slurry is positively correlated with the concentration. When the

concentration is below 70%, the increase in viscosity is small, and when the

concentration is above 70%, the increase in viscosity is significant. It is

determined that the concentration of the Huangling No. 2 coal mine slurry

is 70%. Based on the determination of slurry preparation parameters, the

simulation analysis of slurry pipeline transportation was carried out, the

influence of design velocity on the velocity distribution of the pipeline

section and the variation law of slurry concentration was explored, and the

design velocity of the project is determined to be 1.5 m/s. The engineering

practice shows that the slurry preparation parameters are reasonable. The

crushing and pulping of gangue under the ground and the safe

transportation of a 6 km pipeline are realized, which provides a reference for

similar engineering projects.
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1 Introduction

Gangue slurry filling is a technical method of crushing

gangue into powder to produce slurry, which is transported

through a pipeline and injected into the goaf of the working

face. It can effectively solve the problem of green disposal of

gangue faced by the coal industry (Matousek, 2002; Senapati and

Mishra, 2017; Wang et al., 2018; Cruz et al., 2019), and its

technical key lies in the reasonable determination of the main

parameters of gangue slurry pulping and pipeline transportation,

to ensure the long-distance safe transportation of slurry (Chen

et al., 2015). The slurry pipeline transportation technology can

use the small pipeline to complete the efficient transportation and

backfilling of gangue, which has little impact on the normal

production of underground coal mines (Qi et al., 2018; Wu et al.,

2018; Rao et al., 2020; Wu et al., 2022). This technology has been

continuously applied in engineering practice with its unique

technical advantages (Hz et al., 2017; Singh et al., 2017), but it

still needs to be continuously developed and improved to adapt

to the transportation of different materials and different working

conditions. Therefore, scholars at home and abroad have

conducted many experiments and research studies.

Jaworska-Jóźwiak (2021) studied the influence of solid

concentration on the shear stress and viscosity of lime slurry,

obtained the variation characteristics of shear stress with

concentration in different concentration ranges, and pointed

out that the determination of the boundary concentration

above which the increase in shear stress is exponential is a

fundamental guideline in determining the transport

parameters of fine-dispersive lime slurry. Through this

method, the transportation efficiency and water consumption

of the slurry pipeline transportation system are greatly improved.

Singh et al. (2015) investigated the effect of particle size, solid

concentration, and temperature on the rheology of the

coal–water slurry through rheological and settlement

experiments; the relationship between the slurry concentration

and apparent viscosity of the coal–water mixture under different

particle-size conditions was obtained, the transformation

characteristics of the coal–water mixture state were analyzed,

and the rheological model was obtained by fitting the change in

the flow behavior of coal slurries. Feng et al. (2022) found that the

flow velocity directly affects the transportation properties and

then affects the pipe blockage and wear during the pipeline

transportation of backfill slurry. Through experiments, the

movement characteristics of solid materials in slurry at

different flow rates were studied. The research results provide

a reference for determining the reasonable flow rate of backfill

slurry pipeline transportation. Li MZ (Senapati and Pothal, 2017;

Li et al., 2018; Cheng et al., 2020; Li et al., 2020) analyzed the

influence of the interaction between particles of different sizes on

the particle dynamics, studied the influence of adding finer

particles on the transport characteristics of the slurry in

pipelines, and obtained the relationship between the main

parameters of slurry and the movement law of solid particles

during pipeline transportation.

The aforementioned scholars have carried out detailed

studies on the function relationship of key parameters in the

process of slurry pipeline transportation, which enriched the

technical system of slurry pipeline transportation. Based on

the previous research results, taking the second-phase slurry

filling project of the Huangling No. 2 coal mine as the

background, this study determined the key parameters of

gangue slurry preparation on the basis of mastering the

basic physical and chemical characteristics of gangue and

slurry through on-site gangue sampling, physical and

chemical analysis, slump and rheological experiments and

determined the core parameters of slurry pipeline

transportation through numerical simulation and analysis.

The research results provide support for the industrial

application of the grouting filling project for the green

disposal of gangue in the Huangling No. 2 coal mine.

2 Engineering background

The Huangling No. 2 coal mine is located in Yan’an City,

Shaanxi Province. The designed production capacity of the mine

is 10.0 Mt/a. and the underground roadway excavation produces

gangue of 0.2 Mt/a. As the minefield is located in the Huangling

National Forest Park Reserve, to avoid environmental pollution

caused by the ground discharge of gangue, the mine plans to use

the method of gangue slurry filling to convert the gangue into

slurry and inject it into the goaf.

The gangue slurry filling project of the Huangling No.2 coal

mine is divided into two phases. The first phase of the project

arranges the crushing and pulping system near the roadway of

the working face. The gangue excavated underground was

transported to the crushing and pulping system by car. After

converting it into slurry, it was transported and injected into the

goaf of the working face by the pipeline. The advantage of this

arrangement is that the slurry pipeline transmission distance is

short, usually less than 3 km, but the filling system only serves

one working face, and its position will move continuously with

the continuity of the working face. At present, the Huangling

No. 2 coal mine has completed the first phase of the project,

which has successfully verified the feasibility of slurry filling

technology. Now the coal mine plans to carry out the second

phase of the project. The second phase adopts a centralized

layout, and the filling system is arranged near the gangue bin at

the bottom of the shaft to make it serve the whole mine.

However, this centralized layout mode has the disadvantage

of a long slurry transportation distance, up to 6 km. Therefore,

to ensure the success of the project, it is necessary to study the

key parameters of gangue slurry preparation and pipeline

transportation in detail. The system layout of phase II is

shown in Figure 1.
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3 Experiment on physicochemical
properties and parameter
determination of gangue slurry

3.1 Analysis of material source and
physicochemical properties

3.1.1 Material source
To ensure the accuracy and credibility of the

experimental results, the gangue used in this experiment

was taken from the gangue bin of the Huangling No.

2 coal mine through field sampling. The particle size of

the sampled gangue is −200 mm. Before the experiment, it

was crushed to a particle size of −8 mm using a double-

toothed roll crusher and a cage crusher. Combined with

the actual situation of the project, the method of

controlling the upper limit was used to change the particle

size gradation of gangue powder, and the particle size and

gradation within the limit were not adjusted. The powder

with the upper limit of −8 mm, −5 mm, −3 mm,

and −1.25 mm is named sample 1, sample 2, sample 3, and

sample 4, respectively. Statistics of the particle size

distribution curves of the four groups of gangue powder

samples are shown in Figure 2.

FIGURE 1
Slurry filling system layout of phase II in the Huangling No. 2 coal mine.

FIGURE 2
Particle size distribution curve of the gangue sample.

FIGURE 3
X-ray diffraction pattern of coal gangue.
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3.1.2 Physicochemical properties of gangue
powder

The composition of gangue powder is tested using an X-ray

diffractometer, and the test results are shown in Figure 3.

According to the standard powder diffraction data of

various substances provided by the National Data Center of

the Powder Diffraction Federation (TCPDS-ICDD), a

comparative analysis was carried out according to the

standard analysis method. The analysis results are as follows:

the phase composition mainly includes quartz, kaolinite, some

feldspar, mica, and a small amount of chlorite, calcite, siderite,

pyrite, and other minerals.

To characterize the appearance of the crushed gangue

particles, the scanning electron microscope test was

carried out on them. Under the condition of high

magnification (shown in the 1,000x picture), it can be seen

that there are some cracks on the surface and the surface is

uneven, as shown in Figure 4.

Combined with the test results of the X-ray diffraction

energy spectrum, the gangue contains more kaolinite (flaky)

and other minerals, and a small amount of “large” particles are

wrapped by a large number of small particle sizes and flaky

particles. In the pulping process, flaky kaolin minerals can be

used as fine particles to wrap and suspend the gangue with large

particle size, which is conducive to ensuring the stability of the

slurry and realizing long-distance stable transportation

(Sadrossadat et al., 2020).

3.2 Slump test of gangue slurry

To study the influence of the particle size and gradation of

crushed gangue powder on the quality of slurry preparation, four

groups of gangue samples with different particle sizes and

gradations were configured into slurry with the concentration

of 65%, 70%, and 75% respectively. No other additives or curing

agents are added to the gangue slurry. The fluidity and stability of

the configured slurry were studied through a slump experiment.

The experiment process and results are shown in Figure 5, 6.

The experiment results show that the slump of sample 1 is

283 mm at the concentration of 65%, and the stability and fluidity

of the slurry are relatively good, but the distribution of large

particles in the slurry can be clearly seen from the diffused slurry.

When the concentration increases to 70% and 75%, there is an

obvious material accumulation shape in the middle of the slump

experiment, which indicates that the stability of the slurry is poor,

easy to precipitate, and insufficient to form a stable and fluid

slurry. The experiment results of sample 2 are better than those of

sample 1. However, when the slurry concentration reaches 75%,

there is also an obvious precipitation and accumulation due to

the large solid material particles. When the upper limit of the

particle size of gangue is reduced to less than 3mm, the

experimental results of samples 3 and 4 show that the stability

of the gangue slurry is good, the slurry basically remains

homogeneous in the diffusion process, and there is no

obvious accumulation of large particles in the middle.

Therefore, it is considered that the gangue powder with

particle grading of samples 3 and 4 can be made into stable

slurry (Lee et al., 2009; Zhou et al., 2021).

Through the analysis of the four groups of gangue slump

experiments with different particle sizes and gradations, the

results show that the larger the content of coarse particles in

the slurry, the worse its stability because the coarse particles are

easily precipitated in the slurry flow process and cannot form a

stable slurry (Vlasak and Chara, 2011; Li et al., 2022; Matoušek

et al., 2022). When the particle grading size of the gangue powder

is the natural crushing gradation with the upper limit of particle

size less than 3 mm, it can be configured into slurry with good

stability, that is, samples 3 and 4 meet the requirements of

pulping. Therefore, to ensure the stability of the slurry and

reduce the crushing cost of the gangue as much as possible,

sample 3 is determined to be used as the gangue powder of the

project, that is, it is determined to use the natural crushing

gradation gangue powder with the upper limit of particle size of

3 mm for pulping.

3.3 Analysis of the rheological properties
of gangue slurry

On the basis of determining the particle size and gradation of

the gangue powder, the gangue slurry with a mass concentration

FIGURE 4
SEM scanning picture. (A) 100x, (B) 500x, (C) 1,000x, and (D)
3,000x.
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of 66%–76% was prepared, and the rheological properties of the

gangue slurry were tested using an Anton Paar rheometer. The

test was conducted in the shear mode. The rheological

characteristic curves of slurries with different concentrations

are sorted out according to the experimental test results, as

shown in Figure 7.

It can be seen from Figure 7 that the shear stress of gangue

slurry generally shows an increasing trend with the increase in

the shear rate. When the slurry concentration is in the range of

66%–74%, the increase in the shear stress of slurry is gentle with

the increase of shear rate. When the slurry concentration reaches

76%, the shear stress increases obviously with the increase in the

shear rate. At the same shear rate, when the slurry concentration

is less than 70%, the shear stress increases slightly with the

increase of the slurry concentration. When the slurry

concentration is less than 70%, the shear stress increases

obviously with the increase in the slurry concentration.

The experimental results show that the higher the

concentration, the greater the shear stress and shear rate

required for the elastoplastic state transition of the slurry

under the same particle size gradation. It can be seen from

the analysis that the greater the concentration of coal gangue

slurry is, the greater the force between the particles in the gangue

slurry is, and the gangue particles are firmly bonded. Therefore, a

larger shear force and shear rate are required to change the elastic

state. The smaller the concentration of coal gangue slurry is, the

weaker the internal structure of the slurry is and the easier it is to

cause the coarse particles of the gangue to sink, causing

FIGURE 5
Slump test of gangue slurry with different concentrations. (A) Sample 1 at 65%, (B) sample 2 at 65%, (C) sample 3 at 65%, (D) sample 4 at 65%, (E)
sample 1 at 70%, (F) sample 2 at 70%, (G) sample 3 at 70%, (H) sample 4 at 70%, (I) sample 1 at 75%, (J) sample 2 at 75%, (K) sample 3 at 75%, and (L)
sample 4 at 75%.
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segregation. According to the rheological experimental data, the

relationship between the shear stress and viscosity of the slurry

with different concentrations is drawn, as shown in Figure 8.

Figure 8 shows that the plastic viscosity and yield stress of

gangue slurry generally increase with the increase in

concentration (Singh et al., 2020). However, the changes in

different concentration ranges are different. In the range of

66–70%, the plastic viscosity of the slurry increases slowly

with the increase in the concentration. When the slurry

concentration is greater than 70%, the plastic viscosity of the

slurry increases rapidly with the increase in the concentration. In

the range of 66–72%, the yield stress of the slurry increases slowly

with the increase in the concentration. When the slurry

FIGURE 6
Slump test results of gangue slurry.

FIGURE 7
Rheological characteristic curve of gangue slurry with
different concentrations.

FIGURE 8
Relationship between the shear stress and viscosity of slurry
with concentration.
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concentration is greater than 72%, the yield stress of the slurry

increases rapidly with the increase in the concentration. After the

slurry concentration continues to increase to a certain extent,

minor changes will have a significant impact on the viscosity. In

order to ensure the safe transportation of the slurry, the

concentration of the slurry prepared in this test is determined

to be 70%.

4 Numerical simulation analysis of
slurry pipeline transportation

The gangue slurry shows complex mechanical phenomena in

the process of pipeline transportation. At present, there is no

accurate method to describe the flow characteristics of slurry in

the pipeline (Gao et al., 2020). To study the internal particle

migration law during the pipeline transportation of gangue

slurry, Ansys Fluent software is used to simulate the pipeline

transportation of high-concentration gangue slurry, study the

micro-velocity distribution law of gangue slurry during pipeline

transportation, and analyze the solid particle settlement law, so as to

reasonably design the transportation velocity and ensure the safe

operation of the system.

4.1 Establishment of the experimental
model

The Euler model is selected as the calculation model of this

experiment, and the model is set as the standard K-εModel

(Rathore et al., 2021). The geometric model is set according to

the actual transportation conditions of the Huangling No. 2 coal

mine, and an additional 4-km horizontal pipeline is set, that is,

the total length of the model pipeline is 10 km, and the pipeline

diameter is 99 mm.

The flow medium in the pipeline is the solid–liquid two-

phase flow mixed with water and gangue particles. The liquid

phase and solid phase are set at the inlet of the pipeline, in which

the water density is 1,000 kg/m3 and the gangue density is

2,340 kg/m3. The particle-size grading of the gangue powder

and the viscosity of the slurry are set according to the

experimental test results.

FIGURE 9
Velocity distribution cloud diagram in the pipeline section. (A) Stage 1. (B) Stage 2. (C) Stage 3.

FIGURE 10
Velocity distribution cloud diagram of the pipeline section under different flow velocities. (A) v=0.5 m/s. (B) v=1.0 m/s. (C) v=1.5 m/s. (D)
v=2.0 m/s.
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This numerical simulation takes the gangue slurry with 70%

concentration as the basic condition, and takes the slurry inlet

velocity as the main factor to simulate the movement law of slurry

in the pipeline during the transportation at the velocity of 0.5 m/s,

1.0 m/s, 1.5 m/s, and 2.0 m/s, respectively, so as to reasonably

determine the transportation velocity of the industrial project.

To master the velocity, concentration distribution and

change characteristics of the slurry in the pipeline under

different working conditions, the velocity, concentration, and

other data in the whole pipeline are monitored to analyze the

stability of slurry pipeline transportation.

4.2 Analysis of experimental results

4.2.1 Velocity distribution law of the pipeline
section
4.2.1.1 Velocity distribution characteristics under

different conveying distances

The velocity distribution cloud maps at different positions in

the model are extracted. The maps show that the cross-section

velocity of the pipeline experiences the process from uniformity

to stratification and then to stability in the process of slurry

pipeline transportation, which can be roughly divided into three

stages. Stage 1: the velocity in the pipeline section is evenly

distributed, stage 2: the velocity increases in the center of the

pipeline, and stage 3: the velocity distribution in the pipeline is

stable, as shown in Figure 9.

Due to the same inlet velocity, the slurry flow velocity in the

pipe section at the initial stage of transportation is basically

uniform. With the increase of the conveying distance, the

influence of friction between the slurry and pipe wall on the

slurry movement gradually appears, resulting in the decrease in

slurry velocity around the pipe wall. On the condition that the

flow is constant, the velocity of the slurry in the center of the

pipeline increases gradually, and finally, the velocity of the

pipeline section is relatively stable.

4.2.1.2 Velocity distribution characteristics of the

pipeline section in equilibrium state

The velocity distribution cloud diagram of the pipeline

section when the velocity of the gangue slurry reaches the

equilibrium state at different initial velocities during pipeline

transportation is shown in Figure 9. It can be seen from Figure 10

that① the conveying speed of the slurry in the pipeline section is

distributed in a concentric circle, and the velocity distribution in

the vertical and horizontal directions inside the pipeline is

basically symmetrical. The velocity of slurry at the center of

the pipeline is higher and that at the pipe wall is lower. ②

According to the velocity distribution of slurry at the pipeline

section, the section velocity of slurry is divided into a middle-flow

core area and non-flow core area. When the inlet velocity

increases from 0.5 m/s to 2.0 m/s, the range of the flow core

area gradually increases, and the range of the low-velocity area

near the pipe wall gradually decreases.

In the process of slurry pipeline transportation, when the

transportation velocity is greater than the critical velocity, the

slurry mainly moves in suspension, and the slurry stability is

good. When the transportation velocity is less than the critical

velocity, the slurry obviously has stratified movement and the

solid particles in the bed will settle, which is not conducive to the

safe transportation of the slurry.

According to the simulation calculation results, the slurry

transportation velocity data at 0.05 d from the center line of the

pipeline to the bottom are extracted after the slurry

transportation velocity distribution in the pipeline section is

stable under different design flow velocity conditions. The

data show that when the inlet velocity increases from 0.5 m/s,

1.0 m/s, and 1.5 m/s to 2.0 m/s, the flow velocities at the

measuring points near the pipe wall are 0.05 m/s, 0.06 m/s,

0.19 m/s, and 0.38 m/s, respectively, and the flow velocity at

the pipe wall increases significantly.

To sum up, the design velocity of slurry pipeline

transportation directly affects the movement state of slurry in

FIGURE 11
Concentration variation diagramof slurry under different flow
velocities.

FIGURE 12
Relationship between safe transmission distance and design
velocity.
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the pipeline (Pinto et al., 2014; Singh et al., 2019). The larger the

conveying speed, the larger will be the flow core area, and the

slurry mainly moves in suspension. The smaller the conveying

speed, the larger will be the non-flow core area, and the smaller

the velocity of slurry near the pipe wall, the more obvious the

slurry movement. Due to the settlement characteristics of gangue

slurry, the stability is relatively low. Therefore, the conveying

speed should be guaranteed during the conveying process.

Considering the numerical simulation results and similar

engineering experience, it is preliminarily determined that the

slurry conveying speed should be greater than 1.0 m/s.

4.2.2 Velocity distribution law of the pipeline
section

Whether the gangue slurry can be stably transported in the

pipeline mainly depends on the movement state of the slurry

(Chen et al., 2017). Ideally, the slurry transportation velocity is

greater than the critical velocity to ensure that the slurry is in a

turbulent state. However, according to the simulation results of

slurry pipeline transportation velocity distribution, the velocity of

slurry in the pipeline section will be redistributed due to the

friction of the pipe wall. Even if the transportation velocity is

greater than the critical velocity, the velocity of the slurry near the

pipe wall during the transportation is relatively low. Therefore,

the slurry near the pipe wall will have a push movement. During

the push movement, the solid particles in the slurry will settle.

With the increase of the transportation distance, the range of the

push layer will continue to stack, which will eventually lead to the

change in the slurry concentration in the pipeline (Calderon-

Hernandez et al., 2020).

According to the calculation results, combined with the

identification method of slurry quasi-homogeneous flow in

engineering applications, the slurry mass concentration data at

the top of the pipe (0.92 D from the bottom of the pipe) under

different inlet speeds and different transportation distances are

extracted, as shown in Figure 11.

Figure 11 shows that the slurry concentration changes during

pipeline transportation, the concentration at the top of the

pipeline gradually decreases, and the concentration at the

bottom gradually increases. In general, the slurry shows

sedimentation during transportation. With the increase in the

transportation distance, the slurry settlement becomes more

obvious. Under the same transportation distance, when the

transportation speed increases from 0.5 m/s to 2.0 m/s, the

smaller will be the change in the slurry concentration at the

top of the pipeline, indicating that the stability of slurry

transportation is better.

The ideal state of slurry pipeline stable transportation is

homogeneous flow, but it is difficult to realize in practical

engineering, so pseudo-homogeneous flow is usually used to

judge whether the slurry can be transported safely. According

to the engineering design standard for long-distance pipeline

transportation of slurry, the pseudo-homogeneous flow needs

to meet the requirements of C/Ca ≥ 0.8 (where C is the

concentration at 0.92 Dn from the inner bottom of the

pipe; Ca is the concentration at 0.5 Dn from the inner

bottom of the pipe). By calculating the numerical

simulation results according to this standard, the safe

transportation distance of slurry at each transportation

speed can be obtained, as shown in Figure 12. It can be

FIGURE 13
Actual picture of filling operation.
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seen that when the inlet speed is 0.5 m/s, 1.0 m/s, 1.5 m/s, and

2.0 m/s, the safe transmission distance is 3.5 km, 5.8 km,

9.3 km, and 17.0 km, respectively.

4.2.3 Determination of design velocity
Through the aforementioned analysis, it can be seen that the

design velocity of slurry pipeline transportation has a direct

impact on the velocity distribution and settlement

characteristics of the slurry. To ensure that the slurry is in a

turbulent state and reduce the risk of pipe blockage caused by

coarse particle deposition during slurry transportation, it is

recommended that the transportation speed should be greater

than 1.0 m/s by comprehensively considering the numerical

simulation results and similar engineering experience. On this

basis, by analyzing the settlement characteristics of slurry

pipeline transportation, the safe transportation distance under

each flow velocity is simulated and calculated. Combined with

the actual working conditions of the project—the transportation

distance is about 6 km—the transportation velocity of the slurry

pipeline in the Huangling No. 2 coal mine is determined to be

1.5 m/s.

5 Engineering practice

According to the research results, the Huangling No. 2 coal

mine has completed the construction of an underground filling

system. The excavated gangue is crushed from −300 mm

to −3 mm through the three-level crushing system of a single-

toothed roll crusher, a toothed roll crusher, and a squirrel cage

crusher. Then, the unqualified powder of + 3 mm is removed by

the relaxation screen with a hole diameter of 3 mm, and the

gangue powder of −3 mm under the screen enters the horizontal

mixer and is mixed with water into slurry with a mass

concentration of 70%. Finally, the qualified slurry is pumped

to the filling working face at a flow rate of 1.5 m/s through a

slurry pipe with a diameter of 100 mm. Field operations are

shown in Figure 13.

During field operation, through real-time monitoring of key

positions of the slurry transmission pipeline, the data show that

the pipeline pressure is normal. Before and after each operation,

the underground staff carried out the clean water flushing

process. During the whole joint commissioning process, there

was no slurry sedimentation and pipe blockage, which was

successfully applied.

6 Conclusion

Based on the second-phase grouting project of the Huangling

No. 2 coal mine, to ensure the safe transportation of the gangue

slurry to the working face and realize the filling of underground

goaf, this paper systematically studies the key parameters of coal

gangue slurry preparation and pipeline transportation through

on-site sampling, laboratory experiments, and numerical

simulation, combined with theoretical analysis. The main

findings are as follows:

1) The coal gangue particle size grading with the upper limit

of crushing particle size of 3 mm can be made into stable

slurry, and the viscosity of the slurry is positively correlated

with the concentration. When the concentration is below

70%, the viscosity growth is small, and when the

concentration is above 70%, the viscosity growth

significantly increased.

2) The transportation velocity of coal gangue slurry is

distributed in concentric circles along the radial direction

of the pipeline. The flow velocity of the pipeline section can be

divided into the flow core zone with higher velocity in the

middle and the non-flow core zone with lower velocity near

the pipe wall. With the increase in the inlet velocity, the

velocity near the pipe wall increases and the stability of slurry

transportation increases. At the same time, with the increase

in the conveying distance, the slurry sedimentation

characteristics become increasingly prominent.

3) During the industrial test of grouting filling in the

Huangling No. 2 coal mine, the upper limit of the

gangue particle size is 3 mm, the slurry concentration is

70%, and the pipeline transportation speed is 1.5 m/s. The

stability of slurry transportation is good during field

operation.
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