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Abstract. During the dredging process, the characteristics of slurry transport in 

the pipeline are closely related to dredging efficiency. In certain transport condi-

tions, the slurry in the pipeline may carry clay ball particles, which can affect 

transport efficiency. This paper uses a CFD-DEM model and a two-way coupling 

method to conduct numerical simulation analysis of the transport characteristics 

of clay ball particles in a slurry pipeline. After model validation using field de-

tection data, the movement state and flow field distribution of clay balls in the 

slurry were analyzed. The following conclusions were drawn: After individual 

particles and particle groups enter the pipeline, their velocity decreases rapidly, 

especially for particle groups, which quickly settle to the bottom of the pipe and 

accumulate. The front particles move faster, while the rear particles move more 

slowly and gradually stop, eventually moving slowly to the pipe outlet under the 

influence of the slurry. The pressure in the pipeline decreases significantly along 

the way, and a local low-pressure area appears around the clay balls. The pres-

ence of clay balls occupies part of the flow cross-section, causing the flow veloc-

ity in that region to increase, while the lowest velocity occurs around the clay 

balls. 
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1 Introduction 

With the continuous increase in modern engineering demands, slurry pipeline transport 

technology has become increasingly widespread in dredging projects, slurry transpor-

tation, construction, and other fields. Dredging involves underwater excavation of soil 

and rock to clear, widen, or deepen rivers, lakes, and other bodies of water using me-

chanical methods [1] . It is widely applied in excavating new waterways, ports, and ca-

nals, deepening and cleaning existing channels and ports, clearing rivers and reservoirs, 

as well as land reclamation and removing underwater obstacles [2] . In dredging projects, 

dredged materials such as clay, sand, and gravel are primarily transported through pres-

surized pipelines to designated locations. Pipeline transport requires a certain amount  
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of pressure, but due to the resistance within the dredging pipeline, the slurry velocity 
gradually decreases, and when it falls below the critical velocity, there is a risk of pipe-
line blockage[3].Pipeline transport has become a crucial method for long-distance trans-
portation of particulate materials due to its advantages of being environmentally 
friendly, cost-effective, and having good continuity[4]. However, the movement behav-
ior of particles within the pipeline and their interaction with the fluid are very complex. 
This is especially important when the particle size and shape vary significantly, as they 
greatly affect the transport characteristics such as pipeline pressure and velocity distri-
bution. In recent years, numerical simulation has emerged as a powerful research tool, 
widely used to analyze the movement characteristics of particles in slurry and their 
effects on the flow field[5-6]. Slurry transport in dredging falls under the category of 
solid-liquid two-phase flow, and current research methods in this field include experi-
mental studies, theoretical analysis, and numerical simulations. Numerical simulations 
allow for a detailed understanding of the movement state of particles with different 
sizes, their accumulation process, and the influence they have on the slurry flow field 
within the pipeline[7]. This is of great practical significance for optimizing pipeline 
transport system design, improving transport efficiency, and reducing energy consump-
tion. 

2 Numerical Model 

2.1 Geometric Model Construction 

Based on a specific section of the pipeline in the dredging project site, a three-dimen-
sional model of a horizontal pipeline with an inner diameter D=850mm and a length of 
L= 60D is established. The pipeline is meshed using an O-type grid. In the fluid region 
inside the pipeline, a hexahedral mesh is used, while the boundary layer is divided into 
15 layers, with a growth rate of 1.2 for each successive layer. The total number of mesh 
elements is approximately 1.27 million. The cross-sectional view of the meshed pipe-
line in the computational model is shown in Figure 1. 

Fig. 1. Cross-sectional View of the Pipeline Mesh
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2.2 Boundary Conditions 

Boundary conditions are one of the critical steps in numerically solving fluid flow prob-
lems. They describe the behavior of the fluid at the boundaries of the computational 
domain, ensuring that the numerical simulation accurately reflects the physical situa-
tion. The following conditions are applied in this study: Velocity Inlet: The velocity at 
the inlet is specified, along with the volume fractions of the liquid and solid phases, 
which are set based on different operational conditions. This ensures that both fluid and 
particles enter the pipeline with defined properties.Pressure Outlet: The outlet pressure 
is set to approximately 13.0 kPa, based on the results from field pressure sensors. 

Pipe Wall Properties: The pipeline is assumed to be a welded steel pipe with slight 
corrosion. The absolute roughness of the pipe wall is specified as 0.1 mm. The flow 
shear condition between the slurry and the pipeline wall is modeled using the no-slip 
condition, meaning that the slurry's velocity at the wall is zero relative to the wall. The 
gravitational acceleration in the vertical direction (Z-axis) is set to -9.81 m/s2, repre-
senting the effects of gravity on the slurry transport.Numerical Methods: The governing 
equations are discretized using a first-order upwind scheme, and the solution method 
employs a phase-coupled algorithm to account for the interactions between the liquid 
and solid phases. The simulation is performed using transient analysis, and the conver-
gence criterion for the residuals is set to 10-3. Figure 2 shows the schematic diagram of 
the boundary conditions for the CFD model. 

Fig. 2. Schematic Diagram of Boundary Conditions for the CFD Model 

3 Numerical Results Analysis 

3.1 Single Particle Calculation Results 

Figure 3 shows the movement of a clay ball particle with a diameter of 0.1 meters within 
the pipeline. It can be observed that upon entering the pipeline, the velocity of the clay 
ball rapidly decreases to approximately 2 m/s within 1 second, followed by a sharp 
drop. Within 2 seconds, the clay ball comes into contact with the bottom of the pipeline, 
and its velocity reduces to around 1.5 m/s. Subsequently, it is slowly carried toward the 
pipeline exit by the slurry, with its speed remaining roughly at 1 m/s during the process, 
while gradually decreasing.
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T=5s 

T=30s 

Fig. 3. Motion of Clay Ball Inside the Pipeline 

Figure 4 presents the pressure and velocity distribution of the slurry inside the pipe-
line at T = 20s. It can be seen that the presence of the single clay ball has a minimal 
impact on the overall pressure distribution within the pipeline. The pressure exhibits a 
gradual attenuation along the length of the pipeline, with lower pressure observed near 
the pipe walls at the downstream end. The calculated pipeline frictional resistance is 
approximately 0.38 kPa/m. The velocity variation within the pipeline is also relatively 
small, with only slight velocity changes occurring near the clay ball, where a minor 
flow recirculation can be observed around the particle. 

Fig. 4. Pressure and Velocity Distribution Diagram Inside the Pipeline 

3.2 Clay Ball Group Calculation Results 

Figure 5 shows the distribution of clay balls at different time intervals. It can be ob-
served that after the clay balls enter the pipeline with the initial flow velocity, their 
speed quickly decreases, and they rapidly settle to the bottom of the pipeline. Initially, 
the clay balls accumulate at the bottom of the pipeline, where collisions between parti-
cles occur. Eventually, the clay balls flatten out along the bottom of the pipe. The clay 
balls at the front maintain a relatively higher velocity, while those at the rear slow down 
almost to a stop. The distance between the clay balls increases over time. Under the
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influence of the slurry, the clay balls slowly move forward, gradually advancing toward 
the pipeline outlet. 

Fig. 5. Clay particle distribution at the time of T=30 seconds. 

Figure 6 presents the velocity and pressure distribution of the slurry inside the pipe-
line at T = 30s seconds. It can be observed that the pressure decreases along the length 
of the pipeline. Near the clay balls, localized low-pressure areas appear, and in the 
downstream section of the pipeline, low-pressure regions are distributed near the pipe 
walls due to the lower velocity in those areas. The calculated frictional resistance along 
the pipeline is approximately 0.48 kPa/m. 

The velocity distribution shows an increase in flow velocity at the cross-sections 
where the clay balls are present, as the clay balls occupy part of the flow cross-section. 
Since the flow rate remains constant, the velocity must increase to compensate. The 
lowest velocity areas are found around the clay balls, as the large clay particles obstruct 
the slurry's movement. 

Fig. 6. Shows the pressure and velocity distribution within the pipe. 

4 Conclusion 

This paper introduces a numerical method for simulating the transportation of clay 
spheres in slurry pipelines. The study reveals that when single particles or particle clus-
ters enter the pipeline, their velocity decreases rapidly, especially for particle clusters, 
which quickly settle at the bottom of the pipeline and accumulate. The front-end parti-
cles have higher velocities, while the rear particles gradually decelerate until they come 
to a stop. Eventually, they are slowly transported to the pipeline outlet under the flow 
of the slurry. Meanwhile, the presence of clay spheres significantly disturbs the flow
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field within the pipeline, causing noticeable pressure attenuation along the pipeline and 
forming localized low-pressure zones around the clay spheres. As the clay spheres oc-
cupy part of the cross-sectional flow area, the flow velocity in these regions increases, 
while the minimum velocity is observed around the clay spheres. These findings are of 
great significance for optimizing the design and operation of slurry pipeline transpor-
tation systems. 
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