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Numerical simulation for the initial state of avalanche
in polydisperse particle systems
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Numerical simulation is employed to investigate the initial state of avalanche in polydisperse particle systems. Nu-
cleation and propagation processes are illustrated for pentadisperse and triadisperse particle systems, respectively. In these
processes, particles involved in the avalanche grow slowly in the early stage and explosively in the later stage, which is
clearly different from the continuous and steady growth trend in the monodisperse system. By examining the avalanche
propagation, the number growth of particles involved in the avalanche and the slope of the number growth, the initial state
can be divided into three stages: T1 (nucleation stage), T2 (propagation stage), T3 (overall avalanche stage). We focus on
the characteristics of the avalanche in the T2 stage, and find that propagation distances increase almost linearly in both axial
and radial directions in polydisperse systems. We also consider the distribution characteristics of the average coordination
number and average velocity for the moving particles. The results support that the polydisperse particle systems are more
stable in the T2 stage.

Keywords: avalanche, initial state, polydisperse particle systems, propagation
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1. Introduction
The moving particles go through constant compaction

and rearrangement to complete a collapse, which is also
known as an avalanche. In each avalanche, there is an initial
state, which refers to the interval that begins with the pres-
ence of particle motion and ends when the number of mov-
ing particles reaches a steady state. The existing works have
made much progresses in the initial state of the monodisperse
particle system. Whereas in natural disasters and industrial
production,[1,2] avalanches of polydisperse particle systems
are common phenomena, and the exploration of the initial state
in polydisperse particle systems is still an open issue.

Some research has been conducted on the initial state
of particle systems.[3,4] Various factors such as coordination
number, velocity, and volume fraction have been examined in
existing works.[5,6] In the monodisperse collapse system, the
transition process from the initial state to the steady state has
been studied.[6] One finding is noted that in the initial state the
volume fractions of the passive layer at different depths are
distinct, and local volume fractions are also various. Exam-
ining the characteristics of nucleation points and propagation
velocity in a monodisperse particle system, Han et al.[7] found
that the probability of nucleation points appearing at any point
on the surface of the drum is the same. They also established
a relationship where the upward propagation velocity is twice
as much as the downward propagation velocity. But the prop-
agation characteristics in polydisperse particle systems are not
achieved. Chen et al.[8] measured the volume fraction and par-
ticle temperature of irregular glass sand particles in a sinking

state. Xiao et al.[9] quantified the performance of mixed par-
ticles in terms of time and investigated the effect of the active
layer area in the rotating drum. Additionally, Yu et al.[10] in-
vestigated the flow behavior of polydisperse particles by ana-
lyzing particle velocity, residence time, mixing, and axial dis-
persion in different regions within the drum.

Discrete element method (DEM) simulation and physi-
cal experiments are two main methods to investigate the initial
state. Basel et al.[11] used DEM to evaluate the mixing of poly-
disperse particles in the drum and concluded that the segrega-
tion effect decreased with increasing polydispersity. Sylvain
et al.[12] conducted experimental measurements on the instan-
taneous velocity of the active layer during an avalanche and
found that velocity predictions in depth and width are sim-
ilar in unstable avalanches. Li et al.[13] used synchronous
speckle visibility spectroscopy to analyze avalanche charac-
teristics and discovered that the stable flow time of particle
avalanches follows a normal distribution.

In this paper, we use DEM simulation to investigate the
initial state of avalanche in particle systems. By comparing
the monodisperse particle system, we explore the distinctive
characteristics exhibited by polydisperse particle systems in
the initial state. The paper is organized as follows. In Sec-
tion 2, we introduce the simulation system design and param-
eter settings. In Section 3, the nucleation and propagation are
demonstrated in monodisperse and polydisperse particle sys-
tems. The characteristics of avalanche propagation and mov-
ing particles in the initial state are discussed. Finally, the con-
clusion is shown in Section 4.
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2. Simulation method and parameters
In this paper, DEM is used to simulate periodic

avalanches of particles in a low-speed rotating drum (usu-
ally the Froude number (Fr) is between 10−5 and 10−3, Fr =
ω2R/g).[14] In order to investigate the characteristics of the
particles under the slumping regime, a soft-ball discrete ele-
ment model is used with Hertz–Mindlin non-sliding contact
forces. Particles’ translation and rotation can be described by
the Newton’s second law of motion.[15] The interaction forces
between particles, drum walls, and free surfaces[16] are also
considered. For two particles i and j, their interaction can be
represented by the following equations:

mi =
dui

dt
= ∑

n
j=1(Fcn,i j +Fdn,i j +Fct,i j +Fdt,i j)+Gi, (1)

Ii
dωi

dt
= ∑

n
j=1 (Tt,i j +Tr,i j), (2)

where ui and ωi represent the translational and angular veloc-
ity of particle i respectively; mi represents the particle mass, Ii

represents the moment of inertia of the particle, and Gi repre-
sents the particle gravity. The forces between particles i and
j involved are normal contact force Fcn,i j and tangential con-
tact force Fdn,i j, the damping forces Fct,i j and Fdt,i j. The torque
of two particles is caused by two components, the tangential
force Tt,i j and the rolling friction Tr,i j.[17]

2.1. Simulation system design

Two polydisperse particle systems are considered. A
tridisperse particle system consists of particles with three dif-
ferent sizes and a pentadisperse particle system consists of par-
ticles with five different sizes. As a comparison, we also con-
sider a monodisperse particle system.[18–20]

Figure 1 shows the polydisperse simulation systems used
in the experiment. Figure 1(a) is the tridisperse particle sys-
tem, and Fig. 1(b) is the pentadisperse particle system. The x-
axis represents the axial direction and the y-axis represents the
radial direction. The experimental settings for the three parti-
cle systems are identical, except that they are filled with parti-
cles of different sizes. The parameters of the simulations are
shown in Table 1. The simulation process is conducted in three
phases. (i) Particles are filled into the drum. In this phase, the
number of particles of different sizes follows a normal distri-
bution. (ii) Particles are settled to the bottom naturally. In
this phase, the particles are randomly distributed. (iii) Drum
rotates at a fixed speed. In this phase, periodic avalanches of
particles occur in the rotating drum. For a polydisperse parti-
cle system, with similar particle sizes, during a short period of
time after the drum begins to rotate, the particles are still ran-
domly distributed and involved in periodic avalanches. So we
select the experimental data from the first 200 s. Every 0.1 s,
experimental data are recorded such as particle ID, velocity,
coordination number, position, etc.

We have conducted some experiments before preparing
this paper. Our previous work[7] has reported that by compar-
ing with the physical experiments, the simulation system can
effectively model the periodic avalanches in a rotation drum,
which provides a reliable basis for the experimental system in
this paper.

Table 1. Parameters used in DEM simulation.

Parameters Values

Drum diameter D (mm) 140
Drum length L (mm) 50
Drum rotation speed ω (rpm) 0.19
Filling ratio f (%) 50
Particle density ρ (kg/m3) 2650
Young’s modulus (Pa) 1×109

Poisson’s ratio 0.29
Coef. of static friction 0.45
Coef. of rolling friction 0.001
Coef. of restitution friction 0.7
Monodisperse particle system 2
particle diameter R (mm)
Tridisperse particle system 1.9 2 2.1
particle diameter R (mm)
Polydisperse particle system 1.8 1.9 2 2.1 2.2
particle diameter R (mm)

y

x

y

x

(a) (b)

Fig. 1. The 3D model for the simulation of particles. The x-axis repre-
sents the axial direction, the y-axis represents the radial direction, and the
drum rotates in a clockwise direction. (a) Tridisperse particle system: the
drum is filled with particles of three different sizes, and we mark these
particles by using three different colors. (b) Pentadisperse particle sys-
tem: the drum is filled with particles of five different sizes, and we mark
these particles by using five different colors.

2.2. Parameters of the simulation system

In this experiment, we investigate three particle systems
and compare a monodisperse particle system with two polydis-
perse particle systems. For most particle systems, their particle
sizes are not uniform and there are size deviations. In indus-
try, errors can also occur when producing particles with a uni-
form size, which often follow a normal distribution. The par-
ticle size difference is also very small in the investigated poly-
disperse particle systems.[21] In order to obtain better exper-
imental results, we set up several particles with similar sizes
in the polydisperse particle systems. The number of particles
of different radii follows a normal distribution. In the tridis-
perse particle system, the radii of particles are set to 0.95 mm,
1 mm, 1.05 mm, and the ratio of the number of correspond-
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ing particles is 0.243:0.514:0.243. In the pentadisperse parti-
cle system, the radii of particles are set to 0.9 mm, 0.95 mm,
1 mm, 1.05 mm, 1.1 mm, and the ratio of the number of cor-
responding particles is 0.112:0.236:0.304:0.236:0.112. In the
monodisperse particle system, the particles have the same ra-
dius of 1 mm.[22]

The experimental device and particles are made of dry
and non-cohesive glass. The reliability of this model has been
confirmed in our existing works.[10] For the three particle sys-
tems, the filling ratios of the drum are all 50%. The specific
simulation parameters are shown in Table 1.

A 32-core Intel Xeon, a memory with a capacity of 32 GB
and a GPU with a capacity of 16 GB are used for the sim-
ulation. The time step is set to 3× 10−7 s, and 120 cycles of
continuous avalanches are simulated with a total time of 150 h.

3. Experimental results
3.1. Nucleation and propagation

Three particle systems are considered in the experiments,
which contain particles with uniform size, three different sizes,
and five different sizes, respectively. In each experiment, the
particles are evenly distributed and accumulated at the bottom
of the drum. As the drum rotates at a fixed speed, the parti-
cles inside the drum are involved in periodic avalanches. The
avalanche scale and particle motion are recorded from the first
stable avalanche period. As a result, we want to explore the
distinctions in particle avalanche characteristics among differ-
ent particle systems.

Figure 2 depicts avalanches occurring on the surface lay-
ers of the three particle systems in the first 0.6 s. The coordi-
nate system of the surface layer is consistent with that repre-
sented in Fig. 1. It can be seen that there exist the nucleation
and propagation phenomena in all three particle systems. Nu-
cleation in this paper refers to the initial transition of a few par-
ticles from a static state to a moving state on the surface of the
particle bed, disrupting the stable state of the surrounding par-
ticles. Propagation is the process by which particles in a mov-
ing state repeatedly perturb other particles, causing them to
enter a moving state (marked in blue in Fig. 2). As a result, the
unstable area continuously grows all around. The moving par-
ticle that leads to the propagation is considered as nucleation
point. In this paper, the selected nucleation points (marked in
red in Fig. 2) are the first nucleation points in every avalanche
period, as avalanches are initiated by the appearance of the
first nucleation point. We determine the nucleation points by
setting a threshold on the velocity of the moving particles. We
believe that the occurrence of an avalanche begins with a nu-
cleation point. Nucleation and propagation process results in
an increasing range of local avalanches until the majority of
particles in the surface layer are involved in these avalanches.
For each particle system, the number of particles involved in
the avalanche continues to increase during the first 0.6 s, while

it hardly changes after 0.6 s. Therefore, the first 0.6 s can be
considered as the initial state of the avalanche. However, there
are distinct characteristics of moving particles growth among
the three particle systems. In the case of the monodisperse par-
ticle system, nucleation and propagation contribute to a con-
sistent and steady number growth of moving particles in the
initial state. Conversely, the tridisperse and pentadisperse par-
ticle systems exhibit a slow growth in the number of particles
involved in avalanches from 0.1 s to 0.4 s, followed by an ex-
plosive growth from 0.4 s to 0.6 s. Thus, the pentadisperse
particle system exhibits more vigorous propagation in its ini-
tial state compared to the tridisperse particle system.
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Fig. 2. Nucleation and propagation (nucleation point is marked in red, and
the particles involved in the avalanche are marked in blue). (a) Monodis-
perse particle system. (b) Tridisperse particle system. (c) Pentadisperse
particle system.

024501-3



Chin. Phys. B 33, 024501 (2024)

For each particle system, the average number of moving
particles is counted at each time slot in the initial state of thirty
avalanches. To better reflect the changing trend of particles
involved in the avalanche, a fitting formula is accepted as fol-
lows:

N = a · e−(
t−b

c )2
, (3)

where N represents the number of particles involved in
avalanches, t represents time, and a, b and c in Eq. (3) are
all fitting parameters and they take different values in the three
particle systems which are shown in Table 2. The curves gen-
erated by the formula are also illustrated in Fig. 3. The num-
ber of particles involved in the avalanche displays a growing
trend in all three particle systems, which can be seen in Fig. 3.
However, in the monodisperse particle system, the number of
particles involved in the avalanche is always larger than those
in the polydisperse particle systems from 0 s to 0.4 s. Con-
versely, from 0.4 s to 0.6 s, the number of particles involved in
the avalanche in the monodisperse particle system is smaller
than those in the polydisperse particle systems. Furthermore,
it is noted that the number of moving particles is higher in the
tridisperse particle system than that in the pentadisperse par-
ticle system from 0 s to 0.4 s, while from 0.4 s to 0.6 s, the
former is lower than the latter.

Table 2. Values of a, b and c in the three particle systems.

Particle systems a b c

Monodisperse particle system 1746 0.62 0.33
Tridisperse particle system 2245 0.64 0.25

Pentadisperse particle system 2540 0.63 0.22
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Fig. 3. Variation of the number of particles involved in avalanches in
the initial state for three particle systems. The blue curve indicates the
monodisperse particle system, the green curve indicates the tridisperse
particle system and the purple curve indicates the pentadisperse particle
system.

For the above findings, one possible explanation is that at
0.1 s–0.4 s, the particles in the monodisperse particle system
are loosely packed, resulting in a uniform increase in the num-
ber of particles involved in the avalanche. On the other hand,
the polydisperse particle systems at 0.1 s–0.4 s display more
stability, with fewer particles involved in the avalanche. In-
terestingly, the polydisperse particle systems are more stable

than the monodisperse particle system at 0.1 s–0.4 s, but be-
come looser and more violent than the monodisperse particle
system at 0.4 s–0.6 s. Based on these findings, we can con-
clude that as the dispersion of the particle system increases,
the scale of the avalanche will also expand in the initial state.

3.2. Three stages of the initial state

This section focuses on the avalanche scale in the ini-
tial state. We first consider the avalanche propagating scale
in the surface layer. As can be observed in Fig. 2, for the
three particle systems, the avalanche propagates along the x-
axis and the y-axis in the surface layer. It is important to note
that the avalanche propagates to the farthest distance along
the y-axis within 0.4 s. To elaborate on this phenomenon, a
schema Fig. 4(a) is given. The nucleation point appears within
0.1 s, the avalanche near the nucleation point starts propagat-
ing along the y-axis at 0.2 s, the avalanche propagation con-
tinues at 0.3 s, and the avalanche arrives at the farthest dis-
tance along the y-axis direction at 0.4 s. In each time inter-
val, the farthest distance reached by moving particles is called
the propagation front.[1] However, it is also clear from Fig. 2
that propagation is going and the number of moving particles
keeps rising after 0.4 s. Especially in polydisperse particle sys-
tems, the increase in the number of such particles is more dras-
tic. Therefore, the avalanche scale can be further expressed in
terms of the number of moving particles.

We examine the tridisperse particle system as the in-
stance. Figure 4(b) shows the change in the number of moving
particles in the initial state. Before 0.4 s, the number of mov-
ing particles is relatively small and growing slowly. However,
after 0.4 s, the number of moving particles abruptly increases
and the avalanche grows dramatically to cover the entire sur-
face layer. Consequently, 0.4 s can be considered as a criti-
cal point for exploring the avalanche scale. To gain a better
understanding of the change in avalanche scale in the initial
state, we investigate the slope of the number growth of mov-
ing particles which is shown in Fig. 5 is obtained by fitting the
resulting values, which are derived from Eq. (3).

As shown in Fig. 5, it is clear that 0.4 s serves as a turning
point in the initial state. The growth slope continues to rise
until 0.4 s, while it decreases and ultimately reaches zero after
0.4 s. As mentioned above, the avalanche propagation and the
number of moving particles before 0.4 s also exhibit different
properties compared to those after 0.4 s. Consequently, 0.4 s
can be considered the boundary between the different stages
in the initial state. It is important to note that the nucleation
point appears before 0.1 s, which marks the beginning of the
avalanche. Consequently, the initial state of the avalanche is
divided into three distinct stages illustrated in Fig. 4(b). T1
stage (0 s–0.1 s) represents the nucleation stage. T2 stage
(0.1 s–0.4 s) represents the propagation stage, the avalanche
propagates the farthest distance along the y-axis, the number
of particles involved in the avalanche grows slowly, but the

024501-4



Chin. Phys. B 33, 024501 (2024)

growth slope increases continually. T3 stage (0.4 s–0.6 s) rep-
resents the overall avalanche stage, the number of particles in-
volved in the avalanche grows dramatically, but the growth
slope decreases continually.
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Fig. 4. (a) Side views of particle bed along the x-axis direction. They
illustrate the nucleation and propagation in the surface layer of the tridis-
perse particle system. Different particle sizes are represented by various
colors, red point indicates the nucleation point and white points indicate
particles participating in the avalanche. At each time interval, the far-
thest distance reached by the green arrow refers to the propagation front.
(b) According to the change in the number of particles involved in the
avalanche, the initial state can be divided into three stages: T1 for 0 s–
0.1 s, T2 for 0.1 s–0.4 s, and T3 for 0.4 s–0.6 s.
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Fig. 5. Slope of number growth of moving particle in the initial state.
The slope increases from 0 s to 0.4 s, followed by a decrease from 0.4 s
to 0.6 s.

3.3. Characteristics of avalanche propagation in the three
particle systems

When the nucleation point appears, the propagation oc-
curs. In this subsection, we identify the avalanche propaga-

tions along four directions in the surface layer. The direc-
tions can be defined by the coordinate system illustrated in
Figs. 1(a) and 1(b). The upward and downward directions cor-
respond to the negative and positive directions of the y-axis, re-
spectively. The rightward and leftward directions correspond
to the positive and negative directions of the x-axis, respec-
tively. By observing Fig. 2, we notice that the characteristics
of avalanche propagation in the polydisperse particle systems
are different from those in the monodisperse particle system
in the T2 stage (0.1 s–0.4 s). We consider the nucleation point
as the start point of the avalanche propagation. For each direc-
tion, the propagation distance is defined as the distance from
the propagation front to the nucleation point along this direc-
tion.
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Fig. 6. Propagation distances of the three particle systems in the T2 stage.
(a) Monodisperse particle system. (b) Tridisperse particle system. (c) Pen-
tadisperse particle system. In all four directions, the propagation distance
D shows an approximately linear variation with time T and fitted curves
are given. The slopes of these curves can be thought as average propaga-
tion velocities in the corresponding directions. For a value of velocity, the
negative sign is only used to indicate the direction.
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For each particle system, we consider thirty avalanches
and achieve the average avalanche propagation distance in the
T2 stage, which is shown in Fig. 6. In the three particle sys-
tems, the propagation distances show an approximately lin-
ear variation with time in the four directions. In the T2 stage,
we can examine the relationship between propagation distance
Ddir and time t in each direction as follows:

Ddir =Vdir · t +ddir, (4)

where ddir is the value of D at 0.1 s in Fig. 6, Vdir is the
slope of the equation, which also can be considered as average
propagation velocities in the corresponding direction. Fitting
curves with an error less than 5% are acquired in four direc-
tions as shown in Fig. 6. Average propagation velocities are
also marked in Fig. 6. For a value of velocity, the negative
sign is only used to indicate the direction. We focus on the
propagation characteristics of particles in the y-axis of the sur-
face layer.

For each particle system, we further investigate the ratio
of avalanche propagation distances in two directions along the
y-axis which can be expressed as

Dup

|Ddown|
=

Vup · t +dup

|Vdown · t +ddown|
, (5)

where Dup is the distance in the upward direction, Ddown is the
distance in the downward direction, Vup is the velocity in the
upward direction, Vdown is the velocity in the downward direc-
tion. The dup and ddown are the specific value in the upward
and downward directions, respectively. t is the time and its
value range is 0.1 s–0.4 s.

In each particle system, the average propagation veloci-
ties noted in Fig. 6 are brought into Eq. (5). We can derive
equations for the ratio of propagation distances in various par-
ticle systems in the initial time.

Monodisperse particle system

Dup

|Ddown|
=

40 · t +7
20 · t +7

. (6)

Tridisperse particle system

Dup

|Ddown|
=

12 · t +3
8 · t +3

. (7)

Pentadisperse particle system

Dup

|Ddown|
=

18 · t +5
15 · t +5

. (8)

Based on Eqs. (6)–(8), we suspect that the ratio of propagation
distances becomes large as time increases. In the monodis-
perse particle system, at 0.1 s the ratio is 1.22 and at 0.4 s the
ratio increases to 1.53. In the tridisperse particle system, at
0.1 s the ratio is 1.11 and at 0.4 s the ratio increases to 1.26.

In the pentadisperse particle system, at 0.1 s the ratio is 1.05
and at 0.4 s the ratio increases to 1.11. According to the ex-
perimental results, we can discover that as the dispersion of
the particle systems increases, the ratio of the propagation dis-
tances decreases. This phenomenon might be attributed to that
in polydisperse particle systems a more stable structure be-
tween particles in the T2 state, which comes from the mixing
of a variety of particles. Consequently, a few moving particles
are not enough to cause a large avalanche. Conversely, in a
monodisperse particle system where the particles are initially
loosely arranged, even a small fraction of moving particles can
easily trigger a widespread avalanche, resulting in a long up-
ward propagation distance.

In addition to propagation distance, there exists a fixed
relationship between the propagation velocities in the two di-
rections along the y-axis for each particle system. This rela-
tionship can be expressed as

Vup = K · |Vdown|, (9)

where K is the ratio coefficient of the propagation velocities
on both sides of the y-axis in the initial state. The coloration
coefficient K is various in different particle systems. Specif-
ically, in the monodisperse particle system, K is equal to 2
which is confirmed in existing work.[1] Furthermore, we de-
tect that in the tridisperse and pentadisperse particle systems,
K is 1.5 and 1.2 respectively. This implies that with changes
in the particle systems, the velocity relationship of the par-
ticles propagating on the surface layer also changes. To be
precise, with increasing particle dispersion, it is observed that
the gap between the two propagation velocities narrows, re-
sulting in a smaller propagation coefficient. It is observed that
in the monodisperse particle system, the ratio coefficient K is
the largest, which indicates that the avalanche on the left side
propagates further than that on the right side at the same time
interval. As the dispersion of the particle system increases,
the ratio coefficient K decreases, which indicates that the gap
in propagation distance between the two directions also de-
creases. It may be that polydisperse particle systems exhibit
stability in the T2 stage leading to a decrease in the ratio of
the propagation velocities in the two directions and a gradual
convergence of this K to 1.

We conduct an analysis to investigate the variation in
avalanche scales and propagation distances in different par-
ticle systems. It is speculated that the nucleation leads to vari-
ations in the coordination number and velocity of moving par-
ticles. In the T2 stage, nucleation has a huge influence on
particles’ motion in the following time. Considering these fac-
tors, we record the average coordination number and average
velocity of particles involved in the motion at 0.1 s for thirty
avalanches. We analyze the distribution characteristics of the
average coordination number and average velocity.
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Figure 7 illustrates the distribution of average coordina-
tion number around the nucleation points in three different par-
ticle systems. The horizontal axis represents the coordination
number, and the vertical axis represents the frequency of oc-
currence. At 0.1 s, nucleation has occurred and the avalanche
has begun to propagate. In the monodisperse particle system,
the coordination number is predominantly distributed in the
range of 2.3–3.3, and the highest proportion is found at 2.5. In
the tridisperse particle system, the coordination number pri-
marily falls between 2.5 and 3.5, with the highest proportion
at 2.8. In the pentadisperse particle system, the coordination
number is mainly distributed in the range of 2.8–3.6, with the
highest proportion at 3.2. It is evident that the more dispersed
the particle system is, the higher the coordination number will
be. Therefore, it can be inferred that polydisperse particle sys-
tems have better stability in the T2 stage.
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Fig. 7. Coordination number distribution at 0.1 s in the three particle sys-
tems. (a) In the monodisperse particle system, the coordination number
value that accounts for the maximum proportion is 2.5. (b) In the tridis-
perse particle system, the coordination number value that accounts for the
maximum proportion is 2.8. (c) In the pentadisperse particle system, the
coordination number value that accounts for the maximum proportion is
3.2.

The distribution of the average velocity of particles
around the nucleation point in thirty avalanches is discussed.
As shown in Fig. 8, the horizontal axis represents particle ve-
locity, and the vertical axis represents the frequency of oc-
currence. In the monodisperse particle system, there is a ve-
locity distribution in the range of 0.45 mm/s–1 mm/s, with
the highest proportion observed at 0.7 mm/s. In the tridis-
perse particle system, velocity distribution is within 0.4 mm/s–
0.8 mm/s, with the highest proportion at 0.6 mm/s. In the pen-
tadisperse particle system, the velocity distribution is in the
range of 0.2 mm/s–0.6 mm/s, with the highest proportion at
0.55 mm/s. As the degree of particle dispersion system in-
creases, the average velocity of particles around the nucle-

ation point decreases. This observation supports the conclu-
sion drawn from the above coordination number analysis, in-
dicating that polydisperse particle systems are more stable in
the T2 stage.
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Fig. 8. Particle velocity distributions at 0.1 s in the three particle systems.
(a) In the monodisperse particle system, the velocity value that accounts
for the maximum proportion is 0.7 mm/s. (b) In the tridisperse particle
system, the velocity value that accounts for the maximum proportion is
0.6 mm/s. (c) In the pentadisperse particle system, the velocity value that
accounts for the maximum proportion is 0.55 mm/s.

4. Conclusion
The characteristics of moving particles in the initial state

of avalanches are investigated in the three particle systems.
Nucleation and propagation exist in all three particle systems.
The avalanche propagations in the initial state of polydisperse
particle systems are more violent than that in monodisperse
particle system. We can conclude that as the dispersion of the
particle system increases, the change in avalanche scale gets
great. By examining the propagation distance along the y-axis,
the number of moving particles and the slope of the number
growth of moving particles, we observe that 0.4 s is a turning
point. These metrics before 0.4 s exhibit distinct properties
compared to those after 0.4 s. Considering that the appearance
of the nucleation point is a special stage, the initial state is di-
vided into three stages: T1 stage, T2 stage, and T3 stage. In the
T2 stage, the propagation distance increases almost linearly in
both axial and radial directions in all particle systems. The
higher the degree of dispersion of the particle system is, the
smaller the ratio of propagation distances in two opposite ra-
dial directions becomes. The ratio of propagation velocities in
the two directions shows the same trend. We discuss the distri-
bution characteristics of the average coordination number and
average velocity for the moving particles at the beginning of
the T2 stage. The results support that the polydisperse particle
systems are more stable in the T2 stage.
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