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Internal polyhedral structures of a granular system can be investigated using the Voronoi tessellations. This technique
has gained increasing recognition in research of kinetic properties of granular flows. For systems with mono-sized spherical
particles, Voronoi tessellations can be utilized, while radial Voronoi tessellations are necessary for analyzing systems with
multi-sized spherical particles. However, research about polyhedral structures of non-spherical particle systems is limited.
We utilize the discrete element method to simulate a system of ellipsoidal particles, defined by the equation (%)2 + (%)2 +

( 1/Za )2 =1, where o ranges from 1.1 to 2.0. The system is then dissected by using tangent planes at the contact points, and
the geometric quantities of the resulting polyhedra in different shaped systems, such as surface area, volume, number of
vertices, number of edges, and number of faces, are calculated. Meanwhile, the longitudinal and transverse wave velocities
within the system are calculated with the time-of-flight method. The results demonstrate a strong correlation between the
sound velocity of the system and the geometry of the dissected polyhedra. The sound velocity of the system increases with
the increase in ¢, peaking at o = 1.3, and then decreases as @ continues to increase. The average volume, surface area,
number of vertices, number of edges, and number of faces of the polyhedra decrease with the increase in sound velocity.
That is, these quantities initially decrease with the increase in &, reaching minima at & = 1.3, and then increase with further
increase of o. The relationship between sound velocity and the geometric quantities of the dissected polyhedra can serve

as a reference for acoustic material design.

Keywords: discrete element method, Voronoi tessellation, polyhedral structure, sound velocity

PACS: 45.70.-n, 46.40.Cd, 83.80.Fg

1. Introduction

A multitude of particle systems exist in nature and indus-
trial processes, including soils, pharmaceuticals, and building
materials, etc. Research of properties of particle systems holds
significant scientific importance and substantial application
value. The macroscopic mechanical properties of a system
are reflections of its microstructure. Consequently, explaining
macroscopic properties from the perspective of microstruc-
ture analysis is increasingly valued. Among these methods,
Voronoi analysis is a commonly employed approach. (!

A Voronoi tessellation polyhedron is defined as a region
composed of points whose distance from a given point is less
than or equal to their distance from other discrete points. This
model is of significant importance, and numerous problems
can be formulated in such a manner for research purposes. For
instance, crystals, colloids, and the universe can all be concep-
tualized as collections of point-like objects in space./!l This
raises the problem of whether the organizational form of the
elements (atoms, colloidal particles, and celestial bodies) that
constitute these physical systems is ordered or disordered. If
the structure is ordered, it would be beneficial to determine
how defects are classified and how they affect the properties
of the system. What is the most effective method for charac-
terizing the disordered state of systems such as liquids, glass,

fCorresponding author. E-mail: 1508868030@qq.com
© 2024 Chinese Physical Society and IOP Publishing Ltd

DOI: 10.1088/1674-1056/ad7726

or particulate matter? Addressing these fundamental questions
is inextricably linked to examining the polyhedral structures
created by Voronoi tessellations. Voronoi tessellation is not
merely a tool for solving specific mathematical and engineer-
ing problems. It is also an effective means of understanding
and analyzing complex systems.

The analysis of the topological structure and kinetic prop-
erties of amorphous systems, such as granular matter, also
heavily relies on Voronoi tessellation. This method is essen-
tial because Voronoi tessellation can accurately characterize
the local volume fraction within the system. The local volume
fraction of an individual particle can be precisely determined
by dividing its volume by the volume of the Voronoi tessella-
tion polyhedron that surrounds the particle.

This method allows for highly accurate analysis of vol-
ume fractions at the particle scale. Such precision is crucial for
studying kinetic properties of granular systems, as fluctuations
in volume fraction of a few percentages can have a significant
impact on the mechanical properties of the system.!!! Further-
more, phase transitions such as jamming and unjamming are
closely tied to subtle variations in volume fraction. In nuclear
reactors, the flow characteristics of spherical graphite particles
are intricately linked to local volume fractions,!?) making the
precise determination of these fractions through Voronoi tes-
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sellation crucial for designing reactor feed supply systems. [>4]

The discrete element method (DEM) provides a conve-
nient approach for calculating the volume of Voronoi tessella-
tion polyhedra and the local volume fraction of individual par-
ticles. The combination of these two methods has emerged as
a powerful tool for studying kinetic properties of particle sys-
tems. Furthermore, applications of Voronoi analysis enable
identifications of numerous distinctive properties of granular
systems. As an example, the local volume fraction variance
decreases consistently as the system density increases, a trend
unaffected by boundary conditions or friction coefficients."!
Moreover, in systems under shear, Voronoi tessellation-based
calculations of local volume fraction uncover the emergence
of two bands with lower packing fractions at the shear bound-
ary. In these areas, particles exhibit distinct motion patterns,
requiring slight separation to facilitate their movement. Such
analyses provide a fundamental basis for exploring the me-
chanics of granular systems. [}

In addition to determining local volume fractions,
Voronoi tessellation polyhedra are employed extensively in
studying granular and other amorphous systems to identify
neighboring particles!’! and investigate system anisotropy. 3]
Voronoi tessellation is also crucial for quantitatively analyzing
pore characteristics within granular systems, !9 where pore
features at the particle scale are closely linked to deformation
behavior, stress distribution, and conductivity.[“‘lsl Further-
more, Voronoi tessellation plays a pivotal role in assessing in-
ternal structure and mechanical properties of these systems.

The Voronoi tessellation method has specific prerequi-
sites for studying particle systems. It is suitable for spherical
particle systems of a uniform size, whereas radial Voronoi tes-
sellation is employed for multi-dispersion spherical systems.
Non-spherical particle systems exhibit complex Voronoi tes-
sellations, with tessellation units typically surrounded by ir-
regularly shaped surfaces. Consequently, there has been rel-
atively limited exploration of non-spherical particle systems
using this method. 16191

This study utilizes the DEM to simulate ellipsoidal sys-
tems, by employing the tangent plane at the contact point to
generate polyhedrons. Geometric quantities of the polyhe-
drons in various shape systems, such as surface area, volume,
number of vertices, edges, and faces, are computed.

In contrast, the anisotropic internal structure induced by
shape will manifest itself in changes to the macroscopic me-
chanical properties. For instance, different local structures will
influence the velocity, attenuation, and dispersion of elastic
5.[20211 The relationship between internal structure and
sound velocity is of great importance for the determination

wave

of force chain distribution, anisotropic behavior, [21-25] forma-

[26] and even collapse processes.?”] Con-

tion of shear bands,
sequently, the influence of particle shape on sound velocity has

become a subject of considerable research interest. The effect

of shape on sound velocity is primarily examined by investi-
gating how aspect ratio and blockiness of particles change, [?%!
or how particle angularity influences systems’ properties and
then affects sound velocity.[?%-30
the effect of polyhedral particle geometry on sound velocity

I Nevertheless, research on

is limited.

To explore the relationship between geometric structure
and macroscopic acoustic properties, the propagation of sound
within the particle system is simulated, and sound velocity is
calculated. A correlation between the structure of dissected
polyhedrons and system sound velocity is identified, providing
insights into macroscopic properties from a micro geometric
perspective.

2. Simulations, sound velocities and dissected
polyhedra

In this section, the DEM is employed to simulate the
packing of ellipsoidal particle systems of varying shapes un-
der different normal stresses. After the system reaches equi-
librium under these stresses, the propagation of elastic waves
within the system is simulated using harmonic vibration, and
the sound velocity is calculated. Finally, the method for com-
puting dissected polyhedra is introduced.

Fig. 1. Geometrical relations and physical quantities of contact particles.

2.1. Contact model

The methodology to determine contact points between el-
lipsoidal particles follows established procedures documented

31321 This approach enables the determina-

in the literature. !
tion of key geometric parameters, including effective radius,

normal vector, and contact point overlap. These parameters,
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combined with material properties such as Young’s modulus,
Poisson’s ratio, and friction coefficients, facilitate the compu-
tation of inter-particle interaction forces. Forces and torques
are calculated using the Hertz contact model, as described in
Ref. [33], with relevant formulas and physical quantities de-
tailed in Table 1.

Figure 1 illustrates the position vector, contact point, nor-
mal vector, tangential deformation direction, velocity, and an-
gular velocity of two ellipsoids. The formulas for computing
the interaction forces and torques between particles based on
these quantities are provided in Table 1. Here, 7i represents the

normal vector at the contact point, and 7 denotes the unit vec-
tor along the tangential deformation at that point. The vector
ric = 1. — T; represents the vector directed from the center of
mass of particle i towards the contact point ¢, and 7. is simi-
larly defined. The components of 7;. and ;. along the normal
vector are denoted by 7;c, and 7 jcq, respectively; 7, is defined
as rijn = (rj —7;) - A; U is the sliding friction coefficient, y, is
the rolling friction coefficient, ¢ is the tangential damping co-
efficient, ¢, is the normal damping coefficient, k; is the rolling

stiffness, and % is the rolling viscosity.

Table 1. Forces and torques.

Physical quantities Equations
Normal overlapping On
Tangential displacement vector 5 =46 /10

Tangential maximum displacement
Poisson’s ratio
Effective Young’s modulus
Effective mass
Effective curvature
Normal spring force
Normal viscous force
Tangential spring force
Tangential viscous force
Torque
Relative sliding velocity
Normal relative velocity
Tangential relative velocity
Relative rolling velocity

Rolling force

Rolling torque

6L,max = Us (2 - V)/(2 - 2V)6n
14
E*=E/(2—2V?)
mij = mim;j/(m;+mj)
R*=RiR;/(Ri+R;)
fcn = %E*\/E*(S:/zﬁ
Jan= 7Cn(8mijE* V R*Sn)l/zvntij
Feo = —ts| Fenl[1 = (1 = &/ Smax)*/]0

fa= _cl(6ﬂsmij‘.fcn‘\/ - &/&.max/ﬁt‘max)l/zvt,ij

q; = Tjc X (.fn+fl)
Vij :’uifijrwl- X Pie —WjX7Tje
Unij = (vij-A)R
Vtij = Vij — Un,ij

_ Tienjen &

v = i x (wi —wj)

Tijn

Jo=min(ufo, | £ 5
fé = *krgr — %Ur
qro]]ing — Mﬁ X f

= T
Tijn

The computation of normal and tangential forces in Ta-
ble 1 follows the model employed in a previous study,!!
and the calculation of rolling force and torque utilizes a non-

(34351 of the spherical particle model.[3¢-37]

spherical extension
The relative rolling velocity v; at the contact point, as shown
in Table 1, is used to compute rolling resistance. The rolling
deformation &; is determined by integrating the relative veloc-
ity v; over time, expressed as & = [wv;ds. In practical cal-
culations, the rolling deformation at time ¢ + Az is given by

1A — ¢! ! TAAr. Here, € denotes the rolling deformation

at time 7, and v/

represents the relative rolling velocity at
time ¢+ At. It is crucial to recognize that at time 7 + Ar, the
orientation of £ may not align perpendicularly with the nor-
mal vector . In such cases, it becomes necessary to rotate £
into the tangent plane and then combine it with the deforma-
tion induced by the relative rolling velocity at time ¢ + A¢. This
procedure allows for accurate determination of the rolling de-
formation. Following this, the rolling deformation serves as
a basis for calculating the rolling force and torque. Table 1
presents the rolling force under frictional conditions. Addi-
tional insights on rolling resistance are available in the previ-

ous studies. 333!
Table 2. Simulation parameters.
Parameters Values Units
Length-unit 1 1 mm
Mass-unit 1 1 mg
Time-unit 1 1 ms
Particle density p 2.65 2.65 x 10 kg/m?
Young’s modulus E 5.67 x 107 56.7 GPa
Friction coefficient 0.50 0.50
Poisson’s ratio v 0.2 0.2
Normal viscosity coefficient ¢, 0.2 0.2
Tangential viscosity coefficient ¢ 0.2 0.2
Rolling stiffness k; 109 10% N/m
Rolling viscosity 103 1.0 kg/s
Rolling friction coefficient p; 0.1 0.1
Integration time-step 1x1073 1x107%s

To facilitate comparison with experimental results, this
study utilizes the material parameters of the sample employed
in the experiment,*8! detailed in Table 2. These parameters
are crucial for calculating forces, torques, acceleration, and
angular acceleration. The leap-frog method?*! is employed to
update translational velocity and particle displacement. Addi-
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tionally, an algorithm!“% is utilized to update angular velocity
and displacement, ensuring high accuracy and efficiency.

Once the contact model and material parameters are de-
fined, simulations are performed for the ellipsoidal system de-
scribed by the equation é—zz +y* 4+ ﬁ = 1. The shape of
the ellipsoid is dictated by the parameter ¢, which ranges be-
tween 1.1 and 2.0. The sample preparation process is illus-
trated using the shape with o¢ = 2.0; other shapes are prepared
in a similar manner. To eliminate the effects of boundary
conditions, periodic boundary conditions were applied hori-
zontally, and the bottom is fixed with a wall. The centers of
mass of the particles are positioned randomly, and their angu-
lar displacements are also generated randomly. Particles are
released under gravity with random initial velocities and an-
gular velocities to achieve a random packing structure. The
initial state of the system is illustrated in Fig. 2(a). After the
system has reached equilibrium with zero translational and ro-
tational kinetic energies under gravity, a normal stress is ap-
plied to it via a wall above. The system is then allowed to
reach equilibrium again. This process is repeated until the sys-
tem achieves a packed state under the given normal stress, as
shown in Fig. 2(b). The normal stress o, ranges from 100 kPa
to 900 kPa.

Fig. 2. Packing of ellipsoids: (a) initial state, (b) final state.

2.2. Calculation of sound velocity

Once equilibrium has been reached, vertical harmonic vi-
brations of the bottom wall can simulate longitudinal waves,
while horizontal harmonic vibrations can simulate transverse
waves. The waveforms of these waves can be determined
by calculating the fluctuations in force on the upper wall,
allowing for the calculation of sound velocity. To demon-
strate the simulation of the sound propagation process and

the calculation of sound velocity, we consider the system with

0, = 1 MPa and o = 2.0 as an example. The vibration equa-
tion of the bottom wall describes a plane passing through
ry = (0,0, 0) with a normal vector (0,0, 1). The positions
ry = (0,0, Asin(2xft)) and r, = (Asin(27ft),0,0) repre-
sent simple harmonic vibrations of the wall in the vertical
and horizontal directions, respectively. In the absence of any
applied vibration, the force acting on the upper wall equals
the applied stress and remains constant over time. However,
when the bottom wall vibrates, the force acting on the upper
wall experiences perturbations. These fluctuations in stress
on the upper wall indicate the propagation of elastic waves
within the system. To accurately determine the stress pertur-
bation on the upper wall caused by the propagation of elastic
waves, it is essential to record the vertical stress on the up-
per wall without vibration as a function of time, denoted as
F,(t). The program should then be rerun under identical con-
ditions with vertical vibration applied, recording the resulting
vertical stress on the upper wall as F;, (). The difference over
time AF,(t) = F, (1)
form of the elastic wave. Similarly, the transverse waveform
is expressed as AFy (1) = Fy,(t) — Fyo(t). The longitudinal and
transverse waveforms under the conditions shown in Fig. 2(b),

— F(t) represents the longitudinal wave-

with a frequency of f =20 kHz and a displacement amplitude
of A = 1072 mm, are illustrated in Fig. 3. Att = 0, the bottom
wall begins vibrating, and there is no stress fluctuation in the
vertical direction of the upper wall until 7 = 2.19 x 1077 s, in-
dicating that the vibration has not yet propagated to the upper
wall during this period. Afterward, the stress on the upper wall
starts to fluctuate.

150

p-wave
s-wave
100
4
T 50
(e}
—~
Q
g o
=]
2
3, —50
g
<
—100
—150
0 0.3 0.6 0.9 1.2 1.5

Time (10* s)

Fig. 3. Longitudinal and transversal waveforms.

The initial stress peak is observed at r = 3.72 x 107 s,
corresponding to the time required for the elastic wave to
propagate from the bottom to the top of the system.[*1:4?] The
height of the sample, which represents the distance traversed
by the wave in the longitudinal direction, is 31.3213 mm.
Therefore, the velocity of the wave can be calculated to be
Vp = % = 841.9717 m/s. Using the same method-
ology, the transverse wave velocity is determined to be vy =
625.1763 m/s. The variation of sound velocity with shape un-

der different normal stresses is illustrated in Fig. 4.
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(a) Compressional wave velocity
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Fig. 4. Variation of sound velocity with shape under different normal stresses.
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Fig. 5. Comparison of the sound velocities between simulation and ex-
perimental results.

2.3. Validation of discrete element simulation

The volume fraction and coordination number are piv-
otal parameters that regulate the state of particle sys-
tems and markedly influence their macroscopic mechanical
properties.'*3! To enhance the reliability of the simulated re-
sults, comparisons were made with experimental data from
other sources. In this study, the volume fraction and coor-
dination number for spherical particle system are 0.647 and
6.96, respectively, which are analogous to a previous work. 1381
The volume fraction ¢ and coordinate number Z of maxi-
mally dense random packing of frictionless ellipsoidal system
(52 + () + (5 /21.3 )2 = 1 under periodic boundary condition

are 0.725 and 10.85, respectively.[**! The simulation result is

similar to a previous work.[*!

To illustrate the reliability of the present method, the

sound velocity of spherical particle system under differ-
ent normal stresses is calculated by using the experimental
parameters, [38] and the results are consistent with those of ex-

isting experiments as shown in Fig. 5.

(a) (b)

(e)

Fig. 6. Process of polyhedron generation.

2.4. Determination of the polyhedron

A clear correlation exists between the variation of sound
velocity and the geometric properties of the system’s poly-
hedra. Analyzing and determining these polyhedra can help
to explain the macroscopic properties of the system. Con-
structing Voronoi meshes in a system of non-spherical parti-
cles is impractical. Therefore, in this study, we use polyhe-
dra formed by tangent planes at the contact points of ellip-
soids instead of Voronoi meshes to explore the relationship
between polyhedral structures and sound velocity. To illus-
trate the determination of polyhedra, we take an ellipsoidal
particle from the system with normal stress o, = 1 MPa and
o = 2 as an example. The centroid of the ellipsoid is located
at X = (—6.5790, —6.6620, 19.6989), with an angular coor-
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dinate of

—0.6101 0.2210 0.7609
—0.6720 —0.6530 —0.3493
0.4197 —0.7044 0.5469

The first step is to construct a tetrahedron of suitable size
centered at the particle’s center of mass, ensuring the particles
are enclosed within it, as shown in Fig. 6(a). Next, we try to
determine the order of dissection based on the distance from
the tangent point to the center of mass, prioritizing the short-
est distances. The nearest tangent plane intersects the origi-
nal tetrahedron, and the section below it is removed to form
a new, smaller polyhedron, as illustrated in Fig. 6(b). Fig-
ures 6(c)—6(e) demonstrate the polyhedron after the dissection
of the second through fourth tangent planes. After all tangent
planes have been dissected, the final polyhedron, as shown in
Fig. 6(f), is achieved.

R:

(a) a=1.1 (b) a=1.2

Z (mm)
Z (mm)

-
IS

-

T~ o

Z (mm)

Z (mm)

—12 ;58
12
<

(a) a=1.1

(b) «a=1.3

PR :
7 0
Jb’b) —10 —10 < k&i\‘“\

Fig. 7. The internal structure of ellipsoidal packing systems.

(c) =13 (d) a=1.4

Z (mm)

Z (mm)

35

Z (mm)

Fig. 8. The overall structure of ellipsoidal packing systems.
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When two particles are in close proximity but not in con-
tact, it is necessary to identify the potential contact point. To il-
lustrate this process, Fig. 7(a) shows how to determine the po-
tential contact point. The equation (£;)? + (§)* + (7 Van} 2 =1
represents the original size of the particles, where the two par-
ticles are not in contact. When the equation (£5)? + ()% +

=k > 1 is satisfied, the particles are enlarged, with the

(/7)°

value of k gradually increasing until the two particles become
tangent. At this point, the tangent point is the potential con-
tact point. Applying a tangent plane at this point results in a
unique polyhedron. The internal structure of ellipsoidal pack-
ing systems with different shapes, represented by the equation

()2 +(3)*+ (%)2 =1, a € [1.1, 2.0], can be determined
34
(a) o da=1.1
S 30 Fa=1.2
= ®a=13
E X 25 Wma=14
[ *a=1.5
© g 20 a=16
‘? e wya=17
= _g 15 +a=1.8
_c% [ *a=1.9
__8 i 10 Aa=2.0
o
& 5 ;
o A —».-,_v ‘ Y
14 16 18 20 22 24 26 28 30 32 34 36 38
Number of vertexes per polyhedron
o
(C) 35 & 4a=1.1
> 30 ;
2~ X ®a=
2R 25 Ba=
5=
> .8 20
oL
=215
el ~
2% 10
S .2
£% s

4.65 4.75 4.85 4.95 5.05

Average number of edges per face

—~
)
~

Probability density
distrbution (%)

53 56 5.9 6.2

5.15 5.25 555‘545

by using this method, as shown in Figs. 7(b)-7(d). The overall
structures of the systems are illustrated in Fig. 8.

3. Relationship between sound velocity and
polyhedral structures

Once the polyhedron is obtained, the average number of
vertices, edges, faces, surface area, and volume can be calcu-
lated to determine the correlation between these quantities and
the sound velocity. The number of vertices, edges, and faces,
as well as the surface area and volume of the polyhedra formed
by the tangential planes of the particles, vary in systems of dif-
ferent shapes. As shown in Fig. 9, these geometric quantities
change in response to alterations in shape.
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Fig. 9. Polyhedrons’ topological and metric properties for different values. (a) Vertexes per polyhedron; (b) faces per polyhedron;
(c) average number of edges of each polyhedron face; (d) surface areas, and (e) volumes of each polyhedron.

As shown in Fig. 9, the patterns governing the vertices,
faces, edges, surface areas, and volumes of the polyhedron ex-
hibit a consistent evolution with respect to . Initially, these
attributes decrease as o increases. However, after reaching
their minimum values at o = 1.3, they steadily increase with
further increments in . For « values less than 1.6, the proba-

bility density peaks for vertices, faces, and edges are identical,

with values of 24 for vertices, 14 for faces, and an average
edge number of ¢ = 5.143. The value f = 14 represents the
predominant peak for monodisperse systems, in accordance
with the previous studies.[*®#”1 Similarly, the peak of the av-
erage edge number per polyhedron face, € = 5.143, aligns with
the findings of Yi et al.*8]

For ¢ > 1.7, the peaks shift slightly to higher values,
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reaching v =26, f = 16, and &€ = 5.2. The metric properties of
the polyhedron, specifically its surface area and volume, fol-
low a similar pattern. For o < 1.3, the relationship of & to
the surface area and volume is inverse; smaller o values cor-
respond to larger surface areas and volumes. In contrast, for
a > 1.3, greater o values lead to smaller surface areas and
volumes.

The quantities in question, whether referring to vertices,
faces, surface areas, volumes of each polyhedron, or average
edge numbers of each polyhedron face, show an inverse rela-
tionship with velocity. For example, the maximum velocity is
observed at o = 1.3, coinciding with the minimum values of
these attributes. As these quantities increase, the velocity de-
creases. This inverse relationship suggests that nature tends to
optimize maximum efficiency at minimal cost.

The geometric structure of polyhedra is related to both
thermal and acoustic conductivity properties.*®! To ascertain
the relationship between structure and sound velocity, a series
of simulations were conducted. These simulations involved
generating elastic waves with simple harmonic vibrations in
both vertical and horizontal directions. The longitudinal and
transversal wave velocities of the system were calculated using
the time-of-flight method to analyze the relationship between
sound velocities and the variations in the system’s polyhedral
points, edges, surfaces, volumes, and surface areas, for differ-
ent shapes and normal stresses.

The sound velocity increases with the increase in nor-
mal stress and exhibits a rise and then a fall with the value
of o under the same normal stress. The peak value occurs
at oo = 1.3. Additionally, at o¢ = 1.3, the number of vertices,
number of faces, average number of edges per face, volume,
and surface area of the polyhedra are all minimal. When o is
within the range (1.1, 1.3), the wave velocity increases with
increasing o, accompanied by a corresponding decrease in the
surface area, volume, number of vertices, and average num-
ber of edges per face of the polyhedron. Consequently, larger
geometric quantities correlate with slower sound velocity. For
o in the range (1.3, 2.0), the sound velocity decreases with
increasing ¢, while the corresponding surface area, volume,
number of vertices, and average number of edges per face of
the polyhedron increase. This suggests that as these geometric
quantities increase, the sound velocity decreases. This pattern
is consistent with that observed for o0 < 1.3.

4. Conclusion

Statistical laws for the polyhedral structure indicate that
the dissected polyhedron’s characteristics vary significantly
with shape. At @ = 1.3, the volume, number of vertices, num-
ber of edges, and area of each face of the dissected polyhedron
are smallest. The partitioned polyhedron exhibits its small-
est volume, fewest vertices, and fewest edges when the max-

imum sound velocity is reached. Conversely, as these geo-
metric quantities increase, the sound velocity decreases. The
dissected polyhedron demonstrates pronounced acoustic con-
ductivity properties at o« = 1.3. The correlation between the
system’s sound velocity and its shape aligns with the corre-
lation between the geometry and shape of the dissected poly-
hedron. The porous medium structure corresponding to the
polyhedron, once the particles have been removed, can serve
as a reference for designing acoustic materials.
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