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ABSTRACT

As the need for efficient heat extraction grows
with decreasing extraction areas, enhancing heat
transfer device performance is crucial. Porous
structures in thermal devices like heat pipes and
vapor chambers can significantly improve heat
transfer. Permeability, vital in fluid dynamics, affects
fluid flow in porous materials, such as lattice
structures. This study uses numerical analysis to
assess the permeability of lattice structures, created
using nTopology and analyzed with ANSYS Fluent
software. It focuses on Octet, Isotruss, and Diamond
lattice geometries. The research considers lattice
geometry, unit cell characteristics, flow conditions,
and other factors to deeply understand these
structures' behavior. Insights into how different
parameters  influence lattice  behavior  and
permeability are gained. The study also examines the
impact of beam thickness and porosity on lattice
performance. By varying and comparing these
aspects, the study seeks to develop a more thorough
framework for permeability research, contributing to
advancements in lattice structure design and
engineering applications.

INTRODUCTION

Porous structures are pivotal in various fields
due to their unique properties, such as high surface
area, tunable pore size, controlled porosity, and
improved mass transport. These characteristics make

Paper Received September, 2023.Revised November,2023. Accepted
November; 2023. Author for Correspondence:Shung-Wen Kang.

*Graduate  Student,  Department  of  Mechanical  and
Electro-Mechanical Engineering, Tamkang University, Tamsui,
New Taipei City, Taiwan 251301.

** Professor, Department of Aerospace Engineering, SRM Institute
of Science and Technology, Chennai, India.

**% Professor, Department of Mechanical and Electro-Mechanical
Engineering, Tamkang University, Tamsui, New Taipei City,
Taiwan 251301 MechanicalEngineering, Tamkang University,
Tamsui, New Taipei City, Taiwan 251301.

*

This overview highlights the significance of
previous wisdom, chemical engineering, biomedical
engineering, energy storchouse, filtration, and
catalysis. Previous accoutrements offer exceptional
advantages similar as high face area, tunable
severance size, controlled porosity, and enhanced
mass transport, making them essential for a wide
range of operations. The study by Bear and
Braesterprevious wisdom, chemical engineering,
biomedical engineering, energy storchouse, filtration,
them integral in engineering, biomedical, energy
storage, filtration, and catalysis. Highlighting the
work of Bear and Braester (1972), the overview
underscores the relevance of porous materials in
contemporary engineering challenges and their
potential for future developments. Numerical analysis
has become a crucial tool in understanding and
optimizing lattice structures, particularly in fluid
dynamics, by allowing simulation of fluid flow and
assessment of permeability impacts, thereby aiding
design and engineering processes. Microporous
materials like aerogels, known for their low thermal
conductivity, are being investigated for their
insulation potential. Komarneti (2007) studied points
to new avenues for innovation, paving the way for
improved functionality and performance in various
applications.

The significance of pore structure in the
mechanical properties of porous materials, combined
with advances in technology allowing for complex
pore structures, has spurred interest in their detailed
characterization. This involves assessing parameters
like porosity, pore distribution, types, aperture size,
shape, tortuosity coefficients, pore size distribution,
surface area, and permeability (Konovalenko et al.,
2009; Smolin et al., 2014, 2019; Grigor’ev et al.,
2017, 2018). Additive manufacturing, particularly in
catalyst and sorbent material fabrication, offers
enhanced design flexibility and the integration of
multiple materials for improved functionality,
potentially revolutionizing catalyst and sorbent
fabrication for more efficient chemical processes
(Rosseau et al. 2022).

The microstructure of porous scaffolds, similar
to engineering foams, is crucial for their effectiveness,
as detailed by Freyman et al. (2001), who also
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discussed various fabrication methods and typical
microstructures. Lattice structures, significant in
fields like civil, aerospace, and biomechanics, are
noted for their potential as ultra-stiff and strong
metamaterials,  with  directionally  controlled
properties being vital for diverse applications (Xu et
al.,, 2016; Meza et al., 2014). Egan et al. (2017)
categorized unit cell structures in lattice designs into
cubic, truncated, and octahedron families.

nTopology software, designed for additive
manufacturing, offers solutions for lightweighting
and strengthening designs, a long-standing
engineering challenge. This software company
specializes in advanced engineering design and
simulation tools, using implicit modeling for creating
complex, optimized geometries difficult with
traditional CAD. Focused on additive manufacturing,
nTopology enables efficient design, simulation, and
optimization of intricate structures for lightweight,
high-performance parts. This introduction
underscores nTopology's role in advancing product
design and manufacturing  with  innovative
technologies.

Numerical analysis, particularly using ANSYS
Fluent, a widely recognized finite modeling software,
has been effectively employed to assess porous
structures' properties. Key studies using ANSYS
include evaluating permeability and tortuosity,
showing good alignment with existing literature and
highlighting the impact of fiber diameter and web
thickness on tortuosity (Vallabh et al. 2011). Further,
ANSYS Fluent has been used to analyze pressure
drop in gas processing operations (Wahid et al. 2013)
and to study heat transfer characteristics in porous
structures, using the RANS model for 2D turbulent
flow simulations (Hossain and Hossain, 2014). Xu et
al. (2016) employed a multi-scale mathematical
approach to analyze the permeability of metal fibers,
revealing the significant influence of fractal
topography on permeability.

Gauna and Zhao (2017) studied heat transfer in
porous media for cooling, using ANSYS Fluent for
simulating fluid flow in open-cell porous metals.
They focused on varying porosity and its impact on
permeability and heat transfer. Gangapatnam et al.
(2018) analyzed forced convection in aluminum
foams, contrasting LTE (Local Thermal Equilibrium)
and LTNE (Local Thermal Non-Equilibrium) model
conditions,  validating  their =~ model against
experiments. Dhinakar et al. (2021) examined the
airflow in porous maraging steel made by selective
laser melting, comparing ANSYS Fluent simulations
with experimental data. Jafari et al. (2018) provided
design guidelines for porous mold inserts in injection
molding. These studies demonstrate the effectiveness
of numerical simulation in assessing porous
structures’ flow and thermal properties.

This study focuses on three lattice structures:
Octet, Isotruss, and Diamond. The Octet structure,
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typical in some ionic and covalent solids, features
atoms surrounded by eight neighbors in a crystalline
arrangement. Isotruss is a 3D lattice with
interconnected struts forming triangular or tetrahedral
elements in a repeating pattern. The Diamond
structure, found in carbon's diamond allotrope,
consists of carbon atoms in a face-centered cubic
arrangement, with each atom covalently bonded to
four others in a tetrahedral geometry. The study
includes a detailed comparison of these unit cell
structures.

The unit cell structures of Octet, Isotruss and
Diamond cells are shown in Figure 1.

®) ®) ©

Fig. 1. The unit cell structure of a size of 10mm? and
beam thickness of 2mm for (A) Octet. (B) Isotruss
and (C) Diamond.

This paper emphasizes the importance of
numerical simulation in evaluating and enhancing the
properties of porous structures, particularly for
industrial and research applications like vapor
chambers, heat pipes, and heat exchangers. It focuses
on using numerical analysis to determine the
permeability of lattice structures, considering various
factors such as lattice geometry, unit cell
characteristics, and flow conditions to gain a
comprehensive understanding of their behavior and
permeability.

MATHEMATICAL MODELLING

In this study, the fluid flow and turbulence
behavior is analyzed using the basic equations and
continuity equations. The chosen model in Fluent is
the k-o turbulence model, which effectively handles
the turbulence caused by flow through structures.
Although the flow inlet is often in the laminar range,
the k- model is used to account for any generated
turbulence, which is expected to be moderate. This
choice balances accuracy with model complexity,
making it suitable for analyzing the intricate
structures and flow dynamics involved.

The time averaged continuity equation is
represented by equation 1,
o _
axi_ - (1)

The time averaged momentum equation is presented
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in the equation 2,

o; - d _ —
Pl — PR+ 5 [P0y +2u5, — piii] )

In equation 2, the term Sij represents the strain
tension in flow. The strain tension is given by
formula in equation 3,

- 1 du, 01 ;
= — + —

The time averaged energy equation is given by
equation 4,

UBT_' a aT o s 4
i G kR @

Where, ui, , uj is the directional velocity, xi , Xj
is the directional length, p is the density of fluid, T is
the temperature, p is the dynamic viscosity of fluid
and S is the strain factor. In terms of direct analogy to
the turbulent momentum equation for transport in
energy, the turbulent heat transport is often assumed
to be in direct correlation with the gradient of
transport quantity. Equation 5 represents the gradient
mentioned,

o aT S
z a; ax, )

In equation 5 at is the turbulent diffusivity of
heat. Similar to eddy viscosity, at is dependent upon
the state of turbulence despite not being a property of
fluid. By the Reynolds analogy between heat and
mass we can conclude equation 6,

ty = — (6)

Here, the quantity ot is called the turbulent
Prandtl or Schmidt number, where vt is the turbulent
kinematic viscosity and ot is the turbulent surface
tension. The standard k- © model is based on the
Wilcox model which incorporates modifications for
low-Reynolds number effects, compressibility, and
shear flow spreading One of the weak points of the
Wilcox model is the sensitivity of the solutions to
values for k and outside the shear layer (freestream
sensitivity). The standard k- ® model is an empirical
model based on model transport equations for the
turbulence kinetic energy (k) and the specific
dissipation rate (®). As the k- ® model has been
modified over the years, production terms have been
added to both the k and ® equations, which have
improved the accuracy of the model for predicting
free shear flows.

The turbulence kinetic energy, k and the specific
dissipation rate, ® are obtained from the following
transport equations-

9 (pku,) 9 r ok +G, +Y +S 7
U. ) =
ax, PRU; ox, kaxj- k k k @)
And
a 3 [  dw
a—&(pwul-)za—%(lma—%)ﬂLGmﬂLYmﬂLSm (®)

In these equations 7 and 8, Gk represents the
generation of turbulence kinetic energy due to mean
velocity gradients. Go represents the generation of ®.
I'k and I'o represent the effective diffusivity of k and
o respectively. Yk and Yo represent the dissipation
of k and o due to turbulence. Sk and Sw are
user-defined source terms.

The effective diffusivities for the k- @ model are
given by-

He
=p+—
k u o 9)

Lo=p+tt (10)

Ouw

Where, ok and ocw are the turbulent Prandlt
numbers for k and .

For the modelling of turbulence production, we
can look on both the production of k and o separately.
Production of k can be represented in terms of
turbulence kinetic energy and can be defined by
equation 11,

ou;
Gy = —pu!-ujﬁ—x‘:_ (11)

Where, Gk is the turbulence kinetic energy, u is
a representation of velocity and x is the simultaneous
direction in the 3-dimensional space.

We can define the term Gk in a similar term to
Boussinesq hypothesis as equation 12. Boussinesq's
hypothesis is that the turbulent stresses are related to
the mean velocity gradients in almost the same way
that the viscous stresses are related to the complete
velocity gradients.

G, = 11,57 (12)
Where, S is the mean rate of strain tensor and
can be defined as equation 13,

S= |(5 i) (13)
The productlon of o can be defined as equation
14,
w
Go = @ =Gy (14)
k
Where, a is calculated by equation 15,
Ret
o
Q== “ " Re, (15)
a’ Re;
1+t
Re,,

Where, Re,= 2.295 x a*
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Some of the constants in the given model can be
taken for general uses are,

Qoo 1,

®

a _q

Boundary condition and discretization

For the boundary conditions of the numerical
analysis the inlet is fixed with velocity inlet and
outlet is taken as pressure outlet for all the designs.
The other surfaces are taken as no slip wall condition
with the actual geometry is also represented as no slip
wall. The flow inlet of the surface is non developed
flow which is changed from lm/s to 10 m/s. The
turbulence is turned on in the software and selected
as the k-o turbulence model. The flow characteristics
of fluid, which is selected as water, were controlled
by ANSYS Fluent software, and follow the given
material properties in software. The governing
equations are discretized using the finite volume
method using Fluent. Pressure velocity coupling is
achieved using the SIMPLEC algorithm. The
pressure equation is discretized using a second-order
scheme. The convective terms in the momentum
equations are discretized using a second-order
upwind scheme, and diffusion terms are discretized
with a second-order scheme. A first-order implicit
scheme is used for discretizing the temporal term.
The y+ value for the wall function was maintained
within the range of 5 to 10. The time step size (At) is
chosen as 0.001 s. The flow is initialized with an
operating pressure of 1 bar. The simulations are
performed for a flow time of 100 s. the convergence
criteria was taken as 107 for pressure output.

Assumptions

The numerical model is based on the
comparative analysis design and thus the model itself
was made to mimic the situations present in the
experimental scenarios. The model in the simulation
cannot replicate the exact conditions and variables
present in the real world, so we need to have some
variables in assumptions which can be divided into
two sections. There will be assumptions for model
used in the analysis as well as the assumptions which
separates it to the experimental analysis while
comparison. As explained in the last section the
model used for this analysis is k- turbulence model,
which has few assumptions we need to take in
account. The assumption of the Fluent models is
given here-

o Isotropic Turbulence: The model assumes that
turbulence is isotropic, meaning that turbulence
statistics are independent of direction. This
assumption simplifies the modelling by
assuming that the turbulence properties are only
dependent on the local flow conditions.

o Reynolds-Averaged Navier-Stokes (RANS)

J. CSME Vol.45, No.4 (2024)

Approach: The k-o model belongs to the family
of RANS models, which assumes that the
turbulent flow variables can be separated into
time-averaged and fluctuating components. It
assumes that the statistical averages are
sufficient to describe the flow behaviour.

[ Boussinesq Hypothesis: The model employs the
hypothesis, which assumes that the Reynolds
stresses (turbulent stresses) are proportional to
the mean velocity gradients and can be
modelled using a turbulent viscosity.

[ Local Equilibrium: The k-@ model assumes
local equilibrium, meaning that the turbulence
quantities reach a local balance between
production, diffusion, and dissipation within
each computational cell. This assumption
allows for simplification and closure of the
governing equations.

NUMERICAL ANALYSIS OF POROUS
STRUCTURE

The objective of this analysis was to evaluate the
permeability of lattice structures by employing
different types of wunit cell configurations.
Additionally, an investigation was conducted to
assess the impact of design constraints, such as the
beam thickness of the unit cell and the flow length or
lateral length of the lattice structure.

B
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(B)

Fig. 2. The design of the domain and lattice of
analysis is shown, where (A) Lattice length of 3mm
of Octet structure (B) Lattice length of Smm of
Isotruss structure, and (C) Lattice length of 7mm of
Diamond structure.

Figure 2 presents the design and dimensions of
lattice structures within a specific analysis domain. It
details the domain's length and the fixed Smm lengths
of both input and output sections. The flow is
restricted to the lattice, with walls containing the
fluid and directing it through the outflow boundary,

ensuring no pressure loss or alteration in a stable state.

Both the lattice and flow areas are consistently sized,
creating a 5x5mm?’ flow region within the lattice.
Figure 2(A) shows an octet structure domain with a
3mm flow length and 0.15mm beam thickness.
Figure 2(B) depicts a Smm flow length with an
Isotruss unit cell, while Figure 2(C) illustrates a 7mm
flow length with a Diamond unit cell. These diagrams
represent various unit cell types and lengths. Table 1
compiles all design variations.

Table 1. The diversity in designs and variables
depends on the number of models.

Sample Sample Sample Beam Inlet
type unit cell unit cell thickness velocity
size beam of sample (m/s)
5 thickness in test
(mm (mm) (mm)
1
2
Octet, 0.10
3,5,7 3
Isotruss, Ix1x1 0.15
5
Diamond 0.20
8
10

The study acknowledges several secondary
variables that, while not primary, are critical for a
thorough analysis of lattice structures. These factors
significantly influence the characteristics and
performance of the lattices. Including these variables
in the analysis yields deeper insights into their effect

on the lattice's overall behavior and permeability.
This approach allows for an in-depth examination of
how different elements, such as lattice geometry, unit
cell properties, and flow conditions, interact and
shape the system's behavior. Thus, considering these
additional factors leads to a more complete and
accurate evaluation of the lattice structure's
performance and provides a nuanced understanding
of its behavior under various conditions. Ultimately,
this comprehensive approach enhances our
understanding of the principles that govern the
behavior of lattice structures.

The study focuses on the Octet, Diamond, and
Isotruss lattice unit cell structures, with a particular
emphasis on the impact of beam thickness on their
mechanical properties and performance. Beam
thickness, denoted as 'd' in Figure 3, refers to the
cross-sectional thickness of the beams that make up
the lattice structure. This dimension is a critical factor
in determining the mechanical behavior of the lattice
structures.

@A) ©
Fig. 3. Beam thickness (d) of a unit cell of a lattice
structure (A) Octet,(B)Isotruss, and (C) Diamond.

The beam thickness in Octet and Diamond
lattice structures is defined as the distance across the
beam's faces or edges, typically measured
perpendicular to the beam's direction. This dimension
indicates the beams' width or breadth. In the Isotruss
lattice, beam thickness refers to the cylindrical
beams' diameter, representing their cross-sectional
thickness. Beam thickness varies with design needs
and manufacturing limits, significantly impacting the
lattice's mechanical properties and performance. Thus,
it's a key consideration in design and fabrication.

Another vital variable affecting analysis is
lattice porosity, detailed in Table 2. Porosity, the
voids within the lattice, influences permeability and
fluid flow behavior. Adjusting porosity allows
researchers to study its effect on permeability,
enhancing understanding of flow dynamics changes
with lattice porosity variations. This approach
enables exploration of different permeability
outcomes and determination of optimal porosity for
improved fluid flow. Numerical analysis maintains
consistent input parameters across all designs, as
shown in Table 3.
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Table 2. Porosity of the various design and unit cell
structures for the numerical analysis.

. Beam thickness of .
Lattice structure . Porosity
unit cell (mm)

0.10 0.9046
Octet 0.15 0.7375
0.20 0.5740
0.10 0.9465
Isotruss 0.15 0.7907
0.20 0.6521
0.10 0.9496
Diamond 0.15 0.8915
0.20 0.7624

Table 3. Input parameters for the numerical analysis
model in ANSYS Fluent.

Fluent input Lattice length Mesh Count
3mm ~550,000
Mesh size Smm ~750,000
7mm ~920,000
Value
velocity 1 m/s, 2m/s, 3m/s, Sm/, 8m/s and 10m/s
fluid and density Water — 998.2kg/m?
Flow model k- o SST viscus flow
Flow time 100 seconds

RESULTS AND DISCUSSIONS

The model assesses the permeability of lattice
structures with varying flow inlets, a key property in
fluid dynamics typically evaluated through forced
flow tests using liquids or gases. In these tests, a
known pressure drop is applied, and the resultant flow
rate is measured. For liquid flow in wicks, like water at
low velocities, Darcy's law becomes applicable due to
negligible inertial forces, enabling accurate
permeability measurement. This law establishes a
linear relationship between flow rate and pressure
drop in porous media, allowing determination of the
permeability constant. In heat transfer applications,
wick permeability is crucial for liquid transport
efficiency. By conducting forced flow tests - applying
a specific pressure drop and measuring the flow rate -
the permeability of wick materials can be precisely
determined. This knowledge is essential in designing
and optimizing thermal devices, as permeability
impacts liquid transport efficiency and overall system
performance.

The Darcy law is given by equation 16,

AP 7
— 16
L K" (16)

The formula involves AP (pressure drop), L
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(lateral flow length), v (effective velocity), p
(dynamic viscosity of the fluid), and K (effective
permeability of the porous structure). Using this
equation, permeability is calculated by first
determining the pressure drop across the flow volume,
then applying equation 16 with various input
variables.

Validation of model

Mesh dependency validation in ANSYS Fluent
fluid flow models is essential for ensuring simulation
accuracy and reliability. This process, which
discretizes the computational domain into elements to
capture flow behavior, involves assessing the impact
of different mesh resolutions on simulation results. It
ensures convergence, stability, and reliability by
determining the necessary refinement level to
minimize mesh resolution dependency. This balance
is crucial for achieving accurate solutions while
maintaining computational efficiency. Validation also
includes comparing simulation outcomes with
experimental or analytical data to evaluate model
robustness and identify potential issues with specific
mesh resolutions.

For mesh independence validation, a consistent
octet mesh design with a 3mm lateral length and a
0.15mm beam thickness was tested across four mesh
sizes under the same input conditions and an inlet
velocity of 1m/s. The tests measured pressure drop
and calculated permeability using the same equation,
revealing the impact of grid size or chosen mesh on
permeability. The results of the mesh validation test,
including visual contours, are presented in Table 4
and Figure 4.

Table 4. The result of the validation study.

Structure Size Mesh Output Run
(mm®) number permeability time
(m?) (hours)
5x5%3 245365 9.50x10% 4.0
5x5%3 568421 9.57 x10° 6.5
octet
5x5%3 865412 9.57 x10° 10.0
5x5%3 1236514 9.57 x10° 16.0

The results indicate minimal variation in both
velocities and pressure drop profiles across different
mesh sizes. Although these differences are visually
indiscernible, permeability calculations reveal slight
changes when transitioning from very coarse to
medium mesh sizes. The differences between
medium, fine, and very fine meshes are negligible.
Notably, runtime increases with finer mesh
resolutions. Therefore, using a medium mesh size is
recommended for efficient simulation, providing
satisfactory results without compromising output
quality. Additionally, running models in parallel can
save time by processing multiple simulations
simultaneously.
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Fig. 4. (A) The pressure profile of mesh structures
with varying sizes, and (B) The velocity profile of the
differently sized mesh structures.

Permeability results

For permeability results, numerical analyses
were conducted for various structure types, beam
thicknesses, and lateral flow lengths as outlined in
Table 1. The results, allowing for comparison and
understanding of the significance of each variable
change, are presented as follows: For the Octet
structure, permeability results with beam thicknesses
of 0.1mm, 0.15mm, and 0.2mm are shown in Figures
5(A), 5(B), and 5(C) respectively. For the Isotruss
structure, results for beam thicknesses of 0.1mm,
0.15mm, and 0.2mm are depicted in Figures 6(A),
6(B), and 6(C) respectively. For the Diamond
structure, the results for beam thicknesses of 0.1mm,
0.15mm, and 0.2mm are illustrated in Figures 7(A),
7(B), and 7(C) respectively.

octet beam thickness 0.1mm
- \\\
’ -\‘\-\'\‘\.
15 \\—\\ﬂ\‘

05 —e—octet 3mm

Permeability (10 m?)

—#@—octet 5Smm
—&—octet 7mm
0 1 2 3 4 5 6 7 8 9 10 11
velocity inlet (m/s)

A

octet beam thickness 0.15mm

—e— octet 3mm
—8— octet 5mm

—&— octet 7mm

Permeability (108 m?)
°
8

o > J 2 & a4 5 6 7 8 9 10 11
velocity inlet (m/s)

®)

octet beam thickness 0.2mm

Permeability (10 m?)

—e— octet 3mm
—8— octet 5mm
—&— octet 7mm

[ 1 7k 3 4 5 6 7 8 9 10 an
velocity inlet (m/s)

©

Fig. 5. The permeability of Octet structure with
different lateral flow length of 3mm, Smm and 7mm
and with beam thickness (A) 0.lmm, (B) 0.15mm
and (C) 0.2mm.

The study also compares permeabilities of the
same lattice structure at different input velocities and
various lateral flow lengths. The results of these
comparisons are presented in Figure 8, with
subfigures 8(A) to 8(E) corresponding to inlet
velocities of 1m/s, 3m/s, 5m/s, 8m/s, and 10m/s,
respectively.
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Isotruss beam thickness 0.1mm

J. CSME Vol.45, No.4 (2024)

Diamond beam thickness 0.1mm
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Fig. 6. The permeability of Isotruss structure with
different lateral flow length of 3mm, Smm and 7mm
and with beam thickness (A) 0.lmm, (B) 0.15mm
and (C)0.2mm.
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Fig. 7. The permeability of Diamond structure with
different lateral flow length of 3mm, Smm and 7mm
and with beam thickness (A) 0.lmm, (B) 0.15mm
and (C) 0.2mm.
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Inlet velocity 1m/s

Permeability (10 m?)
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Fig. 8. Permeability of structures at different inlet
velocity of (A) 1m/s, (B) 3m/s, (C) 5m/s, (D) 8m/s,
and (E) 10m/s.
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The study observes how changing input
conditions impact pressure and velocity in lattice
structures, focusing on a single velocity for
consistency. It finds that permeability decreases with
higher inlet velocities and longer lateral flows,
showing an inverse relationship with these factors.
However, the impact of lateral flow length is less
significant than velocity. Beam thickness is also
crucial, as it increases, porosity and therefore
permeability decrease. The study highlights the need
for a balance between manufacturability, porosity,
and structural integrity for optimal permeability in
lattice structures

CONCLUSIONS

Permeability is significantly influenced by
factors like beam thickness, lateral flow length, and
velocity in lattice structures. An increase in beam
thickness reduces porosity and permeability. This
impact is more pronounced in low-porosity structures
such as Octet compared to high-porosity ones such as
Diamond. Extended lateral flow lengths lower
permeability due to increased pressure drop and
diminished flow efficiency, especially when
combined with increased beam thickness. Among
lattice structures, Diamond has the highest
permeability, followed by Isotruss, with Octet being
the least permeable. Permeability is inversely related
to fluid flow velocity; higher velocities indicate
reduced flow efficiency and increased resistance
within the lattice. This numerical analysis aids in
understanding permeability trends and in selecting
parameters for optimizing lattice structures.
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