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Abstract

sition pattern in the hydraulic reservoir.

Visualization experiment

Solid contamination existing as solid particles in power fluid transmission systems may lead to transmission perfor-
mance reduction, system failures, and component damage. The hydraulic reservoir will deposit the contamination
and store hydraulic fluid. To investigate its purification ability for solid contamination, experiments and simulations for
the motion and deposition status of the typical hydraulic system particles are carried out to reveal the interaction of
particles and fluid in hydraulic water reservoirs. The results show that the CFD-DEM coupling method could predict
the accurate deposition position of iron particles and sand particles when ignoring the small-scale turbulence effect
in the flow field. Besides, the particle motion traces and deposition patterns in the reservoir illustrate that the flow
development on the bottom surface results in the particles turning, and particles tend to settle in the low flow energy
position. The motion of particles is also linked to particles Stokes number, and the same-size sand particles are easily
driven by the fluid. The contribution of this paper could provide a guide for predicting the particle motion and depo-
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1 Introduction
The solid contamination is unavoidably mixed in power
fluid transmission flow. It will bring side effects to the
hydraulic system, such as transmission performance
degradation, system failure, and components’ life span
shortening [1]. As an accessory in the transmission, the
hydraulic reservoir could sediment solid contamina-
tion and provide a clean working fluid medium. There-
fore, hydraulic reservoir purification capacity should be
studied to remove particle pollutants conductively and
specifically.

To this end, the status of solid contamination should
be known for the reservoir deposition analysis in the
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hydraulic system. Usually, contamination varies in mate-
rials, sizes, and shapes. However, they could still be clas-
sified into metal particles, including iron, aluminum,
copper, etc., and non-metal particles, including dust,
sand, rubber, etc., by their sources. The sizes of these
solid particles range from 50 to 500 pum [2], and the
shapes of the particles are diverse from spherical, poly-
hedron, flake, and other forms [3]. In this case, the sedi-
mentation of particles could be complex in the hydraulic
reservoir, and the flow field pattern with purification abil-
ity should be unveiled.

So far, researchers have initially analyzed the sedimen-
tation of solid particles in hydraulic reservoirs. Mut-
tenthaler et al. [4] used three-phase CFD simulations to
investigate the particle accumulation in the hydraulic
reservoir. They found that the accumulation status of dif-
ferent size particles changes with the oil flow rate and
geometry of the reservoir. Besides, the accumulation of
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the particles depending on the bottom flow status also
has been found [5]. Yao et al. [6] used the discrete phase
model (DPM) to simulate the contamination separation
rates for iron and rubber particles in a newly designed
reservoir. Even though these papers have investigated
the particle contamination accumulation status in the
hydraulic reservoir, the particle contamination motion
procedure is less concerned.

Among the research on hydraulic reservoirs, simula-
tion analysis on particle sedimentation status has been
the most prevalent. The DPM is used primarily to sim-
ulate the trajectory of particles in the flow field [7-9].
However, the DPM might ignore the collisions of parti-
cle-wall and particle-particle [10-12]. Since the DPM
pays more attention to the tracking of particle trajectory,
the final position for particle deposition cannot be visu-
ally displayed in simulation results easily, which is hard
to compare with the actual particle deposition situation.

The computational fluid dynamics-discrete element
method (CFD-DEM) coupling method has been gradu-
ally applied to the simulation analysis for the particle
status in the flow field. It could expertly describe shapes,
sizes, forces and motions of particles [13—15]. For exam-
ple, Chu et al. [16] used this method to analyze the influ-
ence of distinctive size particles on the medium flow in a
dense medium cyclone. Wu et al. [17] utilized the CFD-
DEM coupling method to accurately discuss the move-
ment of particles in solid-liquid mixing devices with
different structures. Kuang et al. [18] reviewed the related
research on the CFD-DEM coupling method in pneu-
matic transportation. They proposed that this method
has significant advantages in analyzing transportation
distances for different particle sizes and shapes. In future
work, complex wall constraints are essential for improv-
ing particle sedimentation efficiency in the optimization
design of hydraulic reservoir structures. Hence, the col-
lision effect of particles cannot be ignored, and the CFD-
DEM coupling method is a good choice to simulate the
particle status.

Therefore, to simulate and evaluate the pattern of par-
ticle motion in the hydraulic reservoir, the CFD-DEM
coupling method is used in this paper. Besides, the vis-
ualization experiments for particle deposition are also
compared with simulation. For the convenience of visual-
ization, the flow medium of the power fluid transmission
system in this paper is water.

For the arrangement of the contents in this paper, the
experiment setup and particle sedimentation results are
introduced first. Then, the CFD-DEM coupling method
is illustrated, and the simulation validation with the
experiment results is conducted. After that, the particle
movement and deposition analysis with flow characteris-
tics are discussed by the numerical simulation to reveal
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the contamination accumulation pattern in the hydraulic
reservoir.

2 Experiment Setup and Results

2.1 Experiment Setup

The particle deposition visualization experiment is firstly
proposed in this paper to explore particle deposition
patterns. The diagram of the experiment is shown in
Figure 1. It consists of a camera, a transparent model, a
throttle valve, soft pipes, a pump, a frequency transducer,
a water tank and a flowmeter.

The experiment would study the deposition of two
types of particles representing metal and non-metal solid
contamination commonly existing in the power fluid
transmission systems. Considering the feasibility of the
experiment and the appearance possibility of the particle
contamination in hydraulic systems, 500 um-diameter
uniform iron balls represent metal particle contamina-
tion, and white quartz sands with sizes ranging from 20
mesh to 40 mesh represent non-metal particle contami-
nation in experiments. A transparent reservoir model
is built to study particle sedimentation, which takes the
single-baffle hydraulic reservoir as a reference. The model
made from polymethyl methacrylate material has a
30 L volume, and its length-width-height ratio is designed
according to the requirements of the hydraulic reservoir.
A blue background paper is pasted on the bottom surface
of the reservoir to observe the movement and deposition
of particles as well as further image post-process.

In the experiment, the pump lifts the water-particle
mixed fluid into the reservoir model. The pump fre-
quency transformer controls the fluid flow rate to main-
tain the reservoir inlet flow speed at 1.24 m/s. The liquid
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Figure 1 Diagram of particle deposition experiment device
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level is kept 400 mm above the model bottom by adjust-
ing the throttle valve during the experiment. When par-
ticles roll at the bottom surface of the reservoir, particle
movement will be captured by the camera at the C1 posi-
tion shown in Figure 1. After particles stay stable, they
will deposit on the bottom of the reservoir. Then, images
of the particle deposition area are taken at the C2 posi-
tion shown in Figure 1.

2.2 Experimental Results

After the experiment for iron and sand particles, the
sedimentation situation for the two types of particles
was processed by MATLAB to eliminate noise from light
reflections on the water surface.

Since a baffle exists in the middle of the reservoir
model, the bottom of the reservoir surface is separated
into two parts. The bottom surface with the inlet pipe is
called the inlet-pipe side, and the bottom surface with the
outlet pipe is called the outlet-pipe side. From the parti-
cle deposition experiment results, iron and sand particles
are all deposited on the inlet-pipe side of the reservoir,
and there is no deposition on the outlet-pipe side of the
reservoir. Therefore, the experiment results shown in this
paper are only particle deposition conditions on the inlet-
pipe side of the reservoir. Due to the symmetrical struc-
ture of the reservoir, the deposition states of particles on
both sides of the central axis are similar. Therefore, half
deposition images of iron and sand particles on the inlet-
pipe side are jointed in Figure 2. The yellow dashed lines
represent the distribution boundary of the particle depo-
sition, and they surround the most deposited particles.

By comparing the deposition status of two types of par-
ticles in Figure 2, two types of particles are all scattered,
presenting an arc-like distribution near the baffle. They
are also aggregated at the two corners of the reservoir.
Besides, sand particles are closer to the wall or baffle side
than iron particles, and the distribution area of sand par-
ticles is more extensive.

3 Numerical Model

3.1 Solving Process

To analyze the movement and deposition of solid parti-
cles in the reservoir, the CFD-DEM coupling method is
implemented in this study. The flow field is simulated by
ANSYS Fluent®, and the particle motion is simulated by
EDEM®. The CFD-DEM coupling simulation schematic
diagram is shown in Figure 3.

In the coupling process, fluid in the reservoir is regarded
as the continuous phase, and particles are regarded as the
discrete phase. Fluent simulates the transient flow field by
solving the time-averaged Navier-Stokes equation with the
SST k-w model until the steady state. Then, the coupling
calculation of particle motion and flow field is started. The
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Figure 2 Deposition status of iron particles and sand particles

forces calculated in the flow field on particles are transmit-
ted to EDEM. It will update the speed and position infor-
mation of particles and then transfer the reverse force from
particles to the flow field. This process will be repeated on
the next time step until the final time step is completed.

3.2 CFD Model

In this case, the fluid is assumed to be isothermal and
incompressible. The continuity and momentum equations
for the fluid phase are given as follows:

apt

m + V- (prug) = 0, (1)
t

0 (psu
(‘;ft D 4 V. (pugun) = —Vp+ V-1 + prg + F,

(2)
where p;, Uy, p, 1, and g indicate fluid density, fluid veloc-
ity, pressure, stress component, and gravitational acceler-
ation. In addition, F, represents the interaction term that
involves the effect of the forces on particles.

3.3 DEM Model

In the DEM model, the translational motion and rotational
motion of a particle can be described according to New-
ton’s laws of motion [19, 20], which are:

du
mPT:ZFf+ZFC, (3)
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Figure 3 CFD-DEM coupling simulation schematic diagram
where m,, u, I, and , indicate particle mass, par- Fo_ 1 2 ap ®)
ticle velocity, inertia tensor, and rotational velocity, P e T P gy’
respectively.
The fluid force on the particle F; is given by: 1 ) )
Fppg = *CDndppf (”f - up) ’ 9)
Fi=FG+Fp+Fp+Fpug +Fvr +Fsats (5) 8
where Fg, Fy, F,, Fp,,, Fyp and Fg,q indicate gravity, 24 0.687
buoyancy force, pressure gradient force, drag force, vir- Cp = Re (1 +0.15- Re™ >’ (10)
tual mass force, and Saffman force.
The contact force F, includes the normal and tangential
com L. ) ,opdp|uf - up‘
ponent, which is given by: Re = ———— =1, (11)
"
FCZFC,H +Fc,t¢ (6)
; ; ; 1 dup (¢
where F_ | is normal contact force, and F_, is a tangential Fyvr = —=Vopr p( )’ (12)
contact force. 2 de
The contact torque T, is generated by tangential con-
tact force and rolling friction, which is given by: d\ 2 dus
Fsaf = 1.61(pu0p)"/? (;) (e —mp)| 2|, (13)
T.=T:+T, (7) Y

where T is tangential contact torque, and T, is generated
by rolling friction.

3.4 Fluid-solid Interaction Force

There are several types of interaction forces between fluid

and particles such as buoyancy force, pressure gradient

force, drag force, virtual mass force, and Saffman force.
These interaction forces are given by:

where Cp, d,, V), p,, ¢, and Re indicate drag factor, par-
ticle diameter, particle volume, particle density, fluid
kinetic viscosity, and Reynolds number.

3.5 Particle Size and Shape Distribution Description

As fundamental physical parameters of particles, particle
size and shape could affect the motion of particles and
the interaction between particles and fluid. Therefore, it
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is essential to consider the actual shape and size of parti-
cles in the simulation [21].

Two hundred iron particles and sand particles samples
in the experiment are randomly selected to represent the
shape and size of the particles. Then, multiple SEM pho-
tographs are taken to observe the details of particles.

The typical SEM photographs for iron particles and
sand particles are shown in Figure 4(a). The shape and
size of iron particles are regular and uniform; their par-
ticle diameter is 500 pm. However, sand particles have
various sizes and shapes. Hence, an average statistical
method combined with projection is used to describe
sand particles since the size and shape distribution of
particles follow the normal distribution [22].

Figure 4(b) shows that the shape of sand particles is
mainly cuboid. The aspect ratio can describe the two-
dimensional shape of those particles. Its statistical mean
value is 1.3 for quartz sand [22]. Due to the shape diver-
sity of sand particles and the coarse size in Section 2.1.,
it is not facile to directly correspond with the DEM
model. Therefore, photograph measurement results and
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projection area equality are used to represent the size of
sand particles.

As the projection area equality is shown in Figure 5,
the fitted rectangular area is equivalent to the actual pro-
jected area of sand particles. / and w indicate the best-fit
length and width of sand particles. A matching circle is
constructed to maintain the area equality with the fitted
rectangular. The diameter of the circle is evaluated, which
matches the normal distribution.

Among the SEM photographs shown in Figure 4(b), the
largest and smallest sand particles in this image are taken
as the up and down limit of the particle size to evaluate
the matching circle equivalent diameter d.. It is subject to
the normal distribution, which is:

de ~ N(830,150%)pm. (14)

Model particle diameter d,, distribution in EDEM for
sand particles could be conducted from the aspect ratio
and circle diameter d,, which is:

Iron particles

Sand particles

(a)

Figure 4 Particle SEM photographs and modeling: (a) Particle SEM photographs, (b) Particle details, (c) DEM modeling

w=1.03mm

1.11mm

(b) (c)
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Figure 5 Diagram of equivalent diameter calculation for sand particles used

Eq.

dm ~ N(645,117%)um. (15)

The iron and sand particles models are consequently
established in EDEM, shown in Figure 4(c).

3.6 Stokes Number
Particle properties for following the fluid could be meas-
ured by Stokes number. It is the ratio of particle relaxation
time and flow characteristic time [23]. When Stokes num-
ber is more significant, the time for particles to respond
to flow is longer, which means the particles have a weaker
ability to follow the fluid flow. The expression of Stokes
number is:

ppdguoo

T
St=-=L = ,

16
T 18uL (16)

where 7, 7;, #,,, and L indicate particle relaxation time,
flow characteristic time, flow characteristic velocity, and
flow characteristic length.

3.7 Simulation Setup
The structured CFD mesh of the reservoir fluid domain
is shown in Figure 6. The liquid-particle mixing fluid
flows into the inlet pipe and out of the outlet pipe to the
water tank. Therefore, the inlet boundary condition is
defined as a velocity-inlet condition of 1.24 m/s, and the
outlet boundary condition is set as an outflow condition.
The upper surface of the liquid in the reservoir is not
restrained. As a result, the boundary condition for the
upper surface of the model is set as symmetry. According
to the experimental situation, the rest parts of the model
are selected as the wall boundary condition.

Besides, it is essential to verify the grid independence
of the reservoir flow field so that the grid number does
not affect simulation accuracy [24]. By monitoring and

recording the outlet flow data under different grid num-
bers, grid independence is guaranteed with the 4 mm
grid size and the total of 1482233 grid numbers.

According to the experiment, the material of the res-
ervoir model is polymethyl methacrylate. As a result,
the wall material properties in EDEM include density
(2500 kg-m~3), Poisson’s ratio (0.25), and shear modu-
lus (2.2x10% Pa). Because the particles flowing into the
reservoir in experiments have a random direction and
random velocity, the dynamic particle factory is defined
on the inlet plane of the flow field. The particle’s release
speed from the dynamic particle factory is set from 1 m/s
to 1.5 m/s in random directions. Excepting parameters of
particles and model, other the DEM setting parameters
for iron and sand particles are listed in Table 1 [25-28].

In the CFD-DEM coupling simulation, the particle
phase mesh does not affect the liquid phase mesh. EDEM
mesh is used for particle tracking and retrieval, which
affects the simulation speed. EDEM grid size is gener-
ally set to 3-5 times particle radius to maintain particle
simulation accuracy [29]. In this work, the grid size is
set to be three times particle radius to ensure simulation
accuracy. Furthermore, the time step in Fluent should be
greater than the EDEM time step. Typically, the time step
in Fluent should be an integral multiple of time step in
EDEM to capture the collision in particle motion [30]. In
this work, the time step in Fluent is set to be 100 times
the time step of EDEM. The total number of particles is
2000 until the particles are settled. The details of simula-
tion parameter settings are shown in Table 2.

4 Particle Movement and Deposition Analysis
4.1 Comparison between Simulation and Experiment
The simulation validation is crucial to confirm the accu-
racy of simulation results. In the paper, the validation is
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Inlet pipe
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Fluid domain
Figure 6 Reservoir fluid domain and its mesh details

Table 1 EDEM particle simulation parameters

Property Iron Sand
Diameter(um) 500 380-1280
Poisson'’s ratio 0.3 04
Density(kg-m?) 7800 1600
Shear modulus(Pa) 7x10'° 2.13%107
Particle-particle coefficient of restitution 0.5 044
Particle-particle static friction coefficient 0.15 0.27
Particle-particle rolling friction coefficient 0.01 0.01
Particle-wall coefficient of restitution 0.629 048
Particle-wall static friction coefficient 0.14 0.268
Particle-wall rolling friction coefficient 0.015 0.02
Table 2 Coupling parameters of Fluent and EDEM
Case Fluent time step(s) EDEM time step(s) EDEM
grid
size(mm)
Iron 110 1x107 0.625
Sand 2x10* 2x10° 0.970

by comparing the deposition area of particles from simu-
lation and experiment.

The particles remain stable at the end of the simulation.
Therefore, the situation of iron and sand particles from
the simulation could be regarded as deposition, as shown
in Figure 7(a). The experimental result of the particle is
shown in Figure 7(b). The simulation shows that both
iron and sand particles are accumulated on two corners
of the left side of the inlet pipe shadow. They all show an
arc-like distribution on the other side of the pipe shadow.

By comparison, the accumulation status of iron and sand
particles in the simulations is similar to the experimental
results.

However, the scattered distribution phenomenon of
particles on the right side existing in the experiment
result is not reflected in the simulation status. To explore
the reason, the movement of iron particles in the right
area of the inlet pipe is photographed by the camera in
the C1 position, as shown in Figure 8. Yellow dash lines
could illustrate the particle distribution status.

As can be seen in Figure 8(a), firstly, the particles pre-
sent a linear distribution like the simulation when they
just reach the deposition position near the baffle. After
a short time, the particles are driven by the small-scale
turbulence in the flow, which disturbs the linear distribu-
tion of particles, and forms a scattered distribution, as
shown in Figure 8(b). Since the Reynolds time-averaged
and SST k-w model are used in the flow simulation, the
time-varying small-scale turbulence cannot be reflected
in the simulation [31]. Even though the sedimentation of
the right-side particles in simulation could not show the
scatter distribution, the simulated particle line is in the
range of experimental particle distribution. Therefore,
the CFD-DEM coupling model is regarded as accurately
predicting particle deposition location.

4.2 Relationship between Particle Deposition Position
and Flow Field

The particle deposition and movement status should
first be studied for reservoir contamination analysis. The
deposition position and movement trajectory of particles
in the model are shown in Figure 9(a), where the upper
half is the iron particles’ motion status, and the lower
half is the sand particles’” motion status. For analyzing
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Figure 7 The simulation and experiment status for particle sedimentation: (a) Particle simulation results, (b) Particle experiment results

(b)

Figure 8 Sedimentation status of iron particles in the model: (a) Iron particles original sediment status, (b) Iron particles sediment status after a
short time

convenience, the bottom surface is divided into several and streamlines convergence situation happen, as
areas according to the different movement trajectory of shown by the magenta dotted line. This line exists
particles, including the transition area (D@ where the  where the x-velocity direction changes, that is v, = 0.
particles do not settle, the deposition area @@ where Furthermore, deposition area @ and direct motion
particles are locally accumulated, and the direct motion area B for particle deposition are also near magenta
area (B where the particles are finally in an arc-like dotted lines. But deposition area @ is far from the line.
distribution. To explore the relationship between the deposition

Since the particle deposition position is related to the status of particles and other velocities status, this work
velocity of the flow field, this paper further analyzes the analyzes the x-velocity v,, the z-velocity v, and the
relationship between particle deposition position and the  velocity magnitude v at Line M and N, depicted in Fig-
bottom surface velocity of the model. ure 10. According to the velocity situation, the particles

Figure 9(b) shows the composition of iron particle accumulate in the position owning to a local minimum
deposition position and x-velocity contour with partial ~ velocity magnitude. The v, and v, directions also change
streamline. In Areas a and b, the velocities stagnation
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in the deposition area @ and the direct motion area 3.
It indicates that particles are easy to accumulate in the
lower flow energy position of the flow field.

Moreover, the velocity gradient dv,/0x in the deposition
area D is greater than the direct motion area 3, where v,
is closer to 0. When the absolute value of dv,/0x is small,
the small-scale turbulence effect could be strong and sig-
nificantly interfere with particle deposition. Therefore, it
indicates that the particles in the direct motion area B
are more sensitive to small-scale turbulence effect than
the deposition area (@ in the experiment.

4.3 Iron and Sand Particles Motion Analysis

In the direct motion area B), the motion trajectories of
iron particles and sand particles are different in Fig-
ure 9(a). The iron particles always move in a straight line,
while the sand particles first move in a straight line, then
move in a curve line, and finally reach the deposition

position. The velocity properties near the bottom surface
are analyzed to investigate the motion trajectories differ-
ence between the two types of particles.

Figure 11 represents the contour of x-velocity and vec-
tor diagram of the middle surface for the model. It can be
seen that when the flow is up to the reservoir bottom, a
wall jet is formed and pushes particles to move forward.
In the middle surface for this simulation, the wall jet sta-
tus presents as the x-velocity variation. On the right side
of the inlet pipe, the x-velocity of the flow field near the
bottom surface decreases and tends to be stable as the
distance in x-direction increases, according to the con-
tour of velocity. Besides, x-velocity has an extreme veloc-
ity point R in the y-direction by the vector diagram. To
explore the specific height and property of R, the velocity
change curves along the y-direction at different distances
in the x-direction are shown in Figure 12.
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Along the x-axis, the extreme velocity point is gradu-
ally away from the bottom in the direction of the model
height. When x is less than 0.14 m, v, rapidly drops
along the y-axis and almost has no extreme point. When
it reaches 0.14 m, v, first increases and then decreases
along the y-axis. Meanwhile, the extreme velocity point
R appears, and the height of the point is small. Afterward,

the extreme velocity point R moves to a higher posi-
tion (larger than y’) as the flow develops, going beyond
the average height of particles. Since the shape of sand
particles is mostly cuboid, the variation of the veloc-
ity gradient dv,/dy might cause the sand particle to flip.
Consequently, its movement state is unstable, and the
particle trajectory of sand is becoming curved primarily.
Besides, the velocity variation from Figure 11 states the
development of the wall jet on the bottom surface. The
schematic diagram of the velocity v, for sand particles in
the x-direction is shown in Figure 13.

4.4 Influence of Stokes Number on Particle Deposition

The properties of particles influence the deposition sta-
tus in the reservoir model as well. According to the par-
ticle movement trajectory in Figure 9(a), the difference in
particle deposition locations is directly related to particle
properties under the same flow state. As can also be seen
in Figure 9(a), the deposition position of sand particles is
closer to the wall than iron particles. In Figure 9(a), the
iron particles rebound after hitting the wall in the transi-
tion area (@), then follow the flow field to deposit. In con-
trast, the sand particles only follow the flow field in the
transition area (@ without rebounding, indicating they
have smaller inertia and can follow the flow field well.

Vi Vi Vi /'\ Vi /-\ Vi /-\
Sand Sand R Sand Sand Sand
particle particle particle particle particle
0 0.10 0.14 >(0.24
L 1 1 1
4 x(m)
Figure 13 Schematic diagram of the velocity for sand particles in the x-direction
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Table 3 Stokes numbers of iron particles and sand particles

Property Iron Sand
Density(kg-m?) 7800 1600
Diameter(mm) 0.5 0.83(average)
Stokes number 89 4.1(average)

Besides, the distance of sand particle deposition from
the inlet shadow is further than that of iron particles. It
implies that the minimum velocity to drive the sand par-
ticles is smaller than that of iron particles.

The ability of particles to follow fluid motion is evalu-
ated by Stokes number. By Eq. (14), the characteristic
velocity and length should be defined. Hence, in this
work, the inlet velocity of the model is chosen to be the
characteristic velocity, and the diameter of the inlet pipe
is chosen to be the characteristic length. Stokes numbers
of the two types of particles are calculated as shown in
Table 3. The average Stokes number for sand particles is
4.1, and Stokes number for iron particles is 8.9. Conse-
quently, the sand particles could follow the flow field bet-
ter, consistent with the discussion results above.

5 Conclusions

In this paper, the CFD-DEM coupling method is used
to simulate and predict the deposition position of par-
ticles in the hydraulic water reservoir, which considers
the forces of particle-particle, particle-wall, and particle-
flow field. Furthermore, the visualization experiment of
the movement and accumulation of the particles in the
reservoir is designed. The comparison of simulation and
experiment shows that this method has high accuracy in
predicting the deposition position of particles in the flow
field.

In addition, the location of particle deposition and the
relationship between particle motion trajectory and flow
velocity are revealed through particle motion trajectory
analysis. The non-circular particles in the direct motion
area first move in a straight line and then move in a curve
line, where the height of the extreme velocity point at the
bottom of the reservoir is greater than the particle diam-
eter. Meanwhile, the movement of different particles in
the same flow field is analyzed, and it is found that sand
particles with a smaller Stokes number follow the flow
field more strongly. In addition, the relationship between
the deposition position of particles and the flow field is
analyzed, and it is concluded that particles tend to accu-
mulate near the position with low flow energy.

Furthermore, at the particle deposition position where
the flow field velocity and velocity gradient are small,
the small-scale turbulence in the actual flow field sig-
nificantly impacts the final particle deposition position,
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while the simulation using the SST k-w turbulence model
is challenging to reflect accurate minor turbulence. This
paper could provide a guide for predicting the particle
motion and deposition pattern in the hydraulic reservoir.
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