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ABSTRACT

The CFD simulation test carried out on the meshing for
prototype exhaust. To understand the importance of this in
studying the making of racing exhaust design, all analyses
conducted on 12 types of 3D racing exhausts were made to
have a relatively good or decent mesh quality, this is
evidenced by the metric mesh value attached to the
attachment of 1 mesh parameter.
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1. INTRODUCTION

Discussing the grid generation then discusses one of the most
important things in conducting CFD simulation-based
research, namely meshing. Meshing is the process of
retraining or discrete in a continuous fluid domain to be
converted into a discrete computing domain. Meshing is the
main requirement determining the success of CFD simulation
[1-5].

The size and smallness of its process will determine the
accuracy of the calculation result. The easier logic is that the
smaller the rationing process will be the more accurate the
calculation result, but if too much ization it will give too much
calculation load, so the time for calculation/computing takes a
long time.

Broadly that is the process of working a meshing, where if you
want to analyze a phenomenon related to fluids with CFD
software, then it is necessary to pay attention to the meshing
process, because of the meshing process determine the
accuracy of CFD analysis results in describing the fluid
phenomena analyzed, but a large number of meshing elements
also needs to be considered given a large amount of meshing
will affect computing time, too long computing time will lead
to an increase in the cost of electricity usage load [6-11].

Through the previous explanation, in meshing the level of
accuracy needs to be taken into account by adding the number
of meshing elements, but the number of meshing elements
must remain controlled in number as it will impact the length
of computing time. So with the problem of accuracy and
computational time, a benchmark can be a benchmark to
determine whether the meshing is optimal in quantity and
quality to provide comprehensive calculation results with
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good visualization of simulation results along with optimal
computing time.

However, before discussing benchmarks that are used as a
benchmark for quality as mesh, it is necessary to understand
in advance that two types of mesh are popular and often used
to solve simulation-based engineering cases [12-19].

2. MATERIALS AND METHODS

In this research, the initial hypothesis has been established,
the research steps for racing exhaust design begin with
measuring the width of the exhaust head port dimensions on
the L12B engine block, this is done so that the dimensions of
the exhaust head port can be used as a reference in the 3D
process of modelling the exhaust downpipe or exhaust
downpipe using CAD software, this is done so that the
downpipe is made to match the exhaust size head port on the
L12B engine so that the downpipe can be attached to the
exhaust head port of the L12B engine.

3. RESULTS AND DISCUSSION

Two types of mesh that are popular and often used to solve
simulation-based engineering cases, namely:

1. Hexahedron. The hexahedron form is a favourite
mesh form of CFD software operators, its shape
considered ideal and orderly in shaping each
computing domain if achieved then mesh quality and
computing time become efficient accompanied by
the results of visualization of fluid simulations with
very high resolution.
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Figure 1: Hexahedron mesh shapes and fluid visualizations with
hexahedron mesh



Fitria Hidayanti et al., International Journal of Emerging Trends in Engineering Research, 9(6), June 2021, 728 — 732

However, the ideal shape of a mesh can only be applied to
simple geometric shapes, in other words hexahedron mesh
shapes have difficulty following field shapes or objects that
have geometry with extreme curves, whereas almost all
objects in the engineering world have diverse geometric
shapes with unique extreme curves.

Figure 2: An example of applying to mesh using a
hexahedron mesh shape.

2. Tetrahedron. Based on the reference to the lack of
hexahedron mesh form, a more adaptive mesh form
was developed, namely the tetrahedron form.
Although it has a more adaptive ability to geometric
shapes with extreme curves, tetrahedron mesh
shapes require greater computer memory usage than
hexahedron shapes. This is due to the lack of
tetrahedron form in filling a volume of the same
element size, with tetrahedron mesh required a
number of elements that are 2 or 3 times more than
hexahedron, in addition, the tetrahedron mesh shape
takes longer computing time than the hexahedron
mesh shape since the tetrahedron mesh shape has
only 3 main nodal (triangular shape) and the
hexahedron mesh shape has 4 main nodes (square
shape).

The number of nodal is very influential in the speed of
convergence, and the more nodal, the faster a compute leads
to convergent results so it is logical that the tetrahedron mesh
form takes longer computing time than the hexahedron mesh
form.

In addition to requiring longer computational time, the
visualization of fluid flow simulation produced by tetrahedron
mesh has a lower resolution than the visualization results
computed using hexahedron mesh. However, the mesh
tetrahedron form is considered to provide more accurate
results than hexahedrons if applied to objects that have a
"strange™ and extreme shape.

tetrahedron

Figure 3: Tetrahedron mesh shape and fluid visualization
using tetrahedron mesh
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Based on images 29 and 31, it can be seen that the difference
in mesh shape used will greatly affect the results of CFD
software simulation visualization, so it can be concluded that
the hexahedron mesh shape is used to produce simulation
visualization results because it produces high resolution,
while the tetrahedron mesh form is used to produce more
comprehensive fluid mechanics simulation computational
results with a lower error rate when applied to objects that
have complex geometry.

Figure 4: Applying to mesh using a tetrahedron mesh shape

When looking at images 30 and 32, it can be seen that by the
naked eye the number of elements of the hexahedron mesh has
a fewer amount than the tetrahedron mesh, as a result of this in
addition to causing differences in computing time, the use of
RAM memory on the computer will also be affected, so that
the speed or slow of the computing process is also slightly
determined by the specifications of the computer used. After
knowing the type of mesh, the next step is to know the quality
benchmark of a mesh by paying attention to 4 benchmark
meshing parameters.

The 4 benchmark parameters consist of:

1. Aspect Ratio. The size of the cell stretch, calculated
as the ration between the maximum and minimum
values of the distance between the centroid cell, the
face centroid and the distance between the centroid
cell and the node. The benchmark aspect ratio value
that produces high-quality mesh if the benchmark
value is below or equal to 5.

o
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Figure 5: The 2-dimensional shape of the circle is meshed
with the type of tetrahedron mesh, from the tetrahedron
mesh then the red circle is the part calculated numerically
by the CFD software, along with the aspect ratio picture.

2. Orthogonal Quality. The concept of this relates to a
close angle between the element faces and the
relevant optimal angle, an orthogonal quality
benchmark value that produces a high quality mesh
if the benchmark value is close to or equal to 1.
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Figure 6: Orthogonal quality metrics

3. Skewness. It is defined as the difference in the shape
of each cell that exists at the time of the meshing
process against symmetrical cell shapes on the same
volume object. The process of calculating skewness
values is done by comparing between the corners of
meshing cell elements that are formed and compared
to normal angles. By obtaining a minimum angle
value between the two overlapping lines on the
formed meshing element, the two lines consist of a
reference line that has a reference angle and a mesh
line that has a mesh angle (reference angle 90 for
hexahedron mesh type, 60 for tetrahedron mesh
type). If the reference angle is reduced by the mesh
angle, it gets the skewness value. A benchmark value
that produces a high-quality mesh if the benchmark
value is close to or equal to 0.
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Figure 7: Skewness metrics

4. Element Quality. The combination of aspect ratio,
orthogonal quality and skewness produce mesh
elements that can be measured in quality or have
other element quality names. This parameter is
strongly influenced by the quality of the previous 3
parameters, if the quality of the previous parameters
is good enough, then it produces a mesh called
structured mesh or structured mesh.

Computational
Domain

Figure 8: Structured mesh

A structured mesh is a structure-formed mesh in which each
nodal will be arranged in a patterned way to form a
computational domain structure. With the formation of
computational domains structured, Navier-stokes equation
computational computation can be solved faster with a high
degree of accuracy because the Navier-Stokes equation can be
calculated up to the top of order 1, which will produce
computing results that have very high accuracy, the structured
mesh also has other capabilities that can perform
time-dependent / transient computing where this condition is
close to the conditions that occur in the real world, where the
whole case in the engineering world must be a time-dependent
case.

The opposite of a structured mesh, unstructured mesh or
unstructured mesh is a mesh that is unable to form a
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computational domain, so this type of mesh is very simple.
Because of its simplicity, this type of mesh has the advantage
that it is easy to create or generate by anyone, even by people
who do not yet have the basic science of meshing and CFDs,
another advantage of unstructured mesh is that each
computing node is composed following the original form of
the physical model, so that computed calculations according
to the point at which the nodal is located, therefore the
visualization of computational results can result in higher
resolution and animation quality than structured mesh.

Physical
Domain

Figure 9: Unstructured mesh

However, the flaw of the first and foremost unstructured mesh
is that it has an 80% computational error resulting in
computational errors so that in other words the computational
results are inaccurate, the second flaw of unstructured mesh is
that almost the entire computational calculation of the
Navier-Stokes equation can only be computed in order 1,
unable to achieve a higher-order so that this will affect the
accuracy of computational results. Lastly, the disadvantage of
unstructured mesh is the opposite of structured mesh, i.e.
unstructured mesh which has computational error unrest of
80% causing this type of mesh to be unable to perform
time-dependent or transient based computing, so almost all
computing using unstructured mesh based on steady-state or
deaf condition, this is done because the computing error can
be minimized if done in a blind condition.

4. CONCLUSION

Based on the difference between structured mesh and
unstructured mesh depicted by images 3.37 and 3.38, it can be
concluded that a mesh that has a good element of quality is a
structured mesh with a value close to or equal to 1. If these
four parameters meet the specified benchmark value, then it
can be ascertained that computational results with CFD
software produce research results that are 80% to 95%
accurate close to the experimental test results, with this
achieving, then the cost of experimental trials can be reduced
with CFDs.
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