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Abstract

This research is to determine the effect of variations in the intake manifold
curvature angle on turbulence intensity, turbulent kinetic energy, flow velocity,
and fluid flow patterns. One effort to reduce excessive fossil fuel consumption is
modifying vehicles to consume fuel more efficiently through a more complete
combustion process. One such method involves modifying the intake manifold of a
motorized vehicle. This study used FD-based numerical study with a quantitative
approach to investigate changes in the curvature angle of the intake manifold. The
aim of The modification process of the intake manifold structure was conducted on
a 2012 Vario 125 (KZR) motorcycle through simulation. The purpose of this
simulation is to conduct a fundamental analysis before implementing changes to
the intake manifold structure. The geometric definition of the intake manifold was
created using SolidWorks 2020, and the simulation was performed using Ansys
Workbench 2022. The curvature angle variations of the intake manifold were 110°,
120° (standard), and 130°. The simulation results showed differences in outcomes
for each curvature angle. The highest turbulence intensity, turbulent kinetic energy,
and flow velocity were observed at the 110° angle. This indicates that modifying
the intake manifold through simulation can influence turbulence flow during the
combustion process. These findings can be considered to achieve better torque and
power output in vehicles in the future.

This is an open-access article under the CC BY license
(https://creativecommons.org/licenses/by/4.0/)

1. INTRODUCTION
Transportation

national oil reserves have tended to decline

involves the physical from 8.21  billion Dbarrels in 2008 to

movement of people or objects over a certain
period using human, animal, or machine
power (Iskandar et al., 2020; Mabruwaru,
2017). In Indonesia, the number of motorized
vehicles in 2015 reached 121.39 million units,
dominated by motorcycles (81.5%) (Kresnanto,
2019). Every vehicle requires fossil fuel, while
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approximately 7.5 billion barrels in 2018 (ESDM,
2018). Without fuel, the combustion process
cannot occur (Iskandar et al., 2024; Setiyawan et
al., 2024).

One solution to reduce fuel consumption
is to improve
modifying the

combustion efficiency by
intake manifold (Khan &
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Hadromi, 2020; Naryanto et al., 2026). This
study uses a Honda Vario Techno 125 cc
motorcycle and compares the standard intake
manifold with modified versions (Ardana,
2018).

Turbulence and turbulent kinetic energy
are important indicators in air distribution
within the combustion chamber (Kumar et al.,
2018; Mahilda et al, 2016). Airflow has
turbulence intensity proportional to pressure
drop. The higher the turbulence intensity, the
greater the pressure drop (Sunaryo et al., 2020).
In flow dynamics, besides turbulent kinetic
energy, velocity is also observed (Abidi &
Hasan, 2021). Low-viscosity fluids such as air at
high speeds are generally turbulent (Vallis,
2019).

The manifold design
volumetric efficiency, engine performance, and
emissions (Xu, 2017). A small bend angle with a
short straight pipe results in smoother exhaust
tlow and more uniform exhaust velocity across
the model (Aziz et al., 2021). Manufacturers
design manifolds to produce a homogeneous
mixture of air and fuel (Winarto & Heru, 2014).
The simulation was conducted using ANSYS
Fluent based on 3D CFD to obtain efficient and
accurate results (Manmadhachary et al., 2017).

intake affects

2. RESEARCH METHODS

This study uses a simulation method with
a pre-experimental design approach, as it is
conducted before actual experiments. CFD
studies can be performed more quickly and
reduce costs (Naryanto et al., 2024). The research
stages began with a literature review to gather
theories and references related to the intake
manifold. Next, the intake manifold geometry
was designed using SolidWorks 2019, based on
the standard dimensions of the KZR engine.
Three variations of the intake manifold angle
were created: 110°, 120°, and 130°, with a fixed
diameter of 22 mm.
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Figure 1. Geometry of the 120° intake manifold

The 3D models of each design were
processed in ANSYS Fluent for meshing, which
involves breaking down the geometry into
smaller elements to obtain accurate simulation
The modeling was performed by
defining variables such as fluid type, operating
conditions, The
process continued with numerical solution
calculations using iterative methods.

The CFD simulation results, including
flow contours and fluid distribution, were used
as the basis for data analysis. Among the three
designs, the best model was selected based on
the simulation results showing the most optimal
airflow performance to support combustion
efficiency.

results.

and boundary conditions.

3. RESULTS AND DISCUSSION
Result

This study analyzed the effect of variations
in the intake manifold angle (110°, 120°, and
130°) on three main parameters: turbulence
intensity, turbulent kinetic energy, and flow
velocity (velocity) using CFD simulation with
ANSYS Fluent. The purpose of this simulation
was to determine how changes in the intake
manifold geometry affect fluid flow
characteristics.
a. Turbulence Intensity

The simulation results showed that an
increase in the intake manifold angle is inversely
in turbulence
intensity. At 110°, the turbulence intensity value

was 232,8198%, declining to 227,4689% at 120°,
and reaching 227,0139% at 130°.

proportional to an decline
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Figure 2. Turbulence Intensity Graph

This is evident from the increasingly
dominant red color in the flow contours,
particularly at the outlet, indicating higher
turbulence. This phenomenon is caused by the
increasing pressure difference in the curved
angle area as the angle declines, triggering the
formation of eddies and flow vortices.

Figure 3. Turbulence Intensity at a 120° Intake
Manifold Angle

b. Turbulent Kinetic Energy

A similar declining trend was observed for
turbulent kinetic energy. The highest value was
obtained at 110° 8,134991m?/s?, increasing to
7,773845m?/s? at 120°, and reaching the lowest
value of 7,729852m?/s? at 130°.
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Figure 4. Turbulent Kinetic Energy Graph

The smaller the intake manifold angle, the
more significant the pressure distribution and
fluid flow direction changes, thereby increasing
the transfer of kinetic energy in the form of
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turbulence. This is also visible in the contour
graph, where the red color becomes more
widespread, especially near the outlet area.
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Figure 5. Turbulent Kinetic Energy Contour at a
120° Intake Manifold Angle

c. Velocity

Flow velocity also declined with the intake
manifold angle. At 110°, the maximum velocity
was 15,94633 m/s, increasing to 15,2342m/s at
120°, and 14,34199m/s at 130°.
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Figure 6. Flow Velocity Graph

The velocity distribution followed a
similar pattern to the previous parameters,
where a smaller curvature angle caused flow
acceleration due to the conversion of pressure
energy into kinetic energy. This is also evident
from the increased red color in the velocity flow
contour visualization.
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Figure 7. Velocity at a 120° Intake Manifold
Angle

Discussion

Based on the simulation results of intake
manifold angle variations, it can be concluded
that a smaller curvature angle specifically



110° provides better
compared to larger angles (120° and 130°). This
is evidenced by the highest values of turbulence
intensity (232.82%), turbulent kinetic energy
(8.13 m?/s?), and flow velocity (15.95 m/s)
occurring at the 110° configuration.

In contrast, increasing the intake angle
tends to reduce these parameters due to changes
in pressure distribution and flow geometry,
which are
formation. Therefore, the 110° intake manifold
angle is considered the most optimal in
enhancing turbulence and air-fuel mixture
quality, which are crucial for improving
combustion efficiency in the engine.

flow performance

less favorable for turbulence

4. CONCLUSION

Based on the CFD simulation results,
variations the intake manifold angle
significantly —affected turbulence intensity,
turbulent kinetic energy, and flow velocity. The
110° intake manifold angle produced the best
flow characteristics, with the highest turbulence
intensity of 232.8198%, turbulent kinetic energy
of 8.134991 m?/s?, and maximum velocity of
15.94633 m/s. As the intake manifold angle
increased to 120° and 130°, all three parameters
decreased, indicating that larger angles reduced
turbulence formation and flow acceleration.

in

The smaller angle generated stronger pressure
and more
formation, which can improve air—fuel mixture
quality in the intake flow. Therefore, the 110°
intake manifold angle is the most optimal
configuration among the tested variations for
supporting better combustion efficiency and
engine performance. For further development,
it is recommended to explore additional intake
manifold geometries such as spiral shapes,
multi-bend configurations, or variable designs to
optimize flow characteristics and volumetric

differences intensive  vortex

efficiency.
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