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Abstract

This study aims to analyze the effect of variations in inlet velocity on fluid flow patterns at tee-junction pipe
connections using numerical simulations based on Computational Fluid Dynamics (CFD). The SimScale platform
was used because it supports cloud-based processing and integration with OpenFOAM solvers. The tee connection
model is designed in three dimensions, with the main and branch pipe dimensions each having a diameter of 100
mm. The merging process uses the parametric hexagonal method and local refinement in the joint area to accurately
capture turbulent phenomena. Simulations were performed under incompressible and isothermal flow conditions
with a standard k—¢ turbulence model, using water fluid and the SIMPLE algorithm. The inlet velocity consists of
2 variations A (Vi =1 m/s, V, =-1 m/s) and variation B (Vi =-1.5 m/s, V, = -3 m/s). Simulation results show that
increasing the inlet velocity results in a more turbulent flow, characterized by an increase in the turbulent kinematic
viscosity, specific dissipation rate, and turbulent kinetic energy. Conversely, low velocities indicate higher
pressure accumulation due to flow resistance. These findings indicate that inlet velocity variations significantly
affect flow characteristics, requiring attention in system design to maintain long-term operational efficiency and
reliability.
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1. Introduction

Over the past five years, various studies have been conducted to understand fluid flow problems
in T-joints in industrial piping systems [1] through numerical and experimental approaches [2] used
unstable fluid simulations to analyze thermal line phenomena resulting from the mixing of molten metal
flows at different temperatures, highlighting the influence of momentum ratio and temperature
differences on pressure and temperature fluctuations. Research by [3] utilized CFD simulations to
evaluate velocity distribution, turbulence, and pressure drop at T-joint intersections [4] developed a new
model to calculate pressure loss in compressible gas flow through T-joints using experimental data.
Meanwhile, [5] investigated the use of vortex generators as a solution to reduce flow separation and
recirculation zones in the joint area, which was found to improve flow efficiency. These findings
emphasize the importance of a deeper understanding of flow behavior at T-junctions to support the
design of more reliable and energy-efficient piping systems. As the need for efficiency in piping system
design increases, numerical simulation-based approaches such as Computational Fluid Dynamics (CFD)
are increasingly used to understand flow characteristics in complex geometries. CFD studies can save
design time and costs while enhancing understanding of fluid flow systems [6]. Research demonstrates
the application of CFD (using ANSYS Fluent) in evaluating pipe geometry, surfaces, and pressure [7],
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[8]. Simulations on downdraft gasification installations describe CFD as a tool for predicting internal
fluid flow within pipes, highlighting the relevance of turbulence and internal geometric context [7].

A recent study by [9] shows that calibrating the k-@ SST model using experimental data can
improve flow prediction accuracy on free surfaces, such as in mountain slope water channels. This
highlights the model's significant potential in various civil and environmental engineering applications.
Additionally, a study by [10] investigates adapting k-o SST model parameters to enhance flow
simulation accuracy around ships. By using assimilation data, this study successfully improved flow
predictions in the ship's hull area, which is crucial for efficient ship design. By integrating cloud-based
CFD and advanced turbulence models like k-@ SST, engineers can perform more accurate and efficient
fluid flow analysis. This not only accelerates the design process but also improves the quality and
reliability of the designed piping systems. Previous research by [11] showed that variations in inlet
velocity can significantly impact pressure distribution and flow patterns at T-shaped pipe joints. They
found that increasing the velocity of the second inlet channel improves mixing efficiency but can also
cause significant velocity spikes, which could potentially damage the pipe material.

Although previous studies have addressed many important aspects related to fluid flow in T-
joints, there are several research gaps that present opportunities for further scientific contributions. The
limitations of studies using cloud-based platforms (SimScale) to analyze T-joints in depth, particularly
regarding sensitivity to inlet velocity variations. Most studies still use software such as ANSYS Fluent
or OpenFOAM. Few studies have systematically compared the effects of inlet velocity variations on
pressure distribution and fluid velocity in T-joints using the k-@ SST model on the SimScale platform.
There is a lack of integration between simulation results and technical design aspects of piping systems,
such as potential material wear due to velocity spikes or uneven pressure, despite their demonstrated
impact in study [ 12] Research is still limited to single-direction or single-inlet scenarios, while industrial
scenarios often involve multi-inlet configurations with unbalanced velocities, which can complicate
turbulence and mixing phenomena. There is a lack of visualization and quantitative analysis of critical
zones such as recirculation zones, separation points, or shear layer development due to inlet velocity
variations at T-joints.

Therefore, further research is needed that specifically uses SimScale as a cloud-based platform to
simulate the effects of inlet velocity variations at T-shaped pipe connections, focusing on analyzing flow
patterns, pressure distribution, and turbulent zones using the k-@ SST model. This research is expected
to provide not only theoretical understanding but also practical applications in designing more efficient
piping systems. The SimScale platform offers cloud-based solutions for CFD simulation, allowing users
to perform fluid flow analysis without the need for expensive hardware. SimScale supports various
turbulence models and provides an intuitive user interface, making it suitable for flow analysis at pipe
connections with varying inlet velocities. Based on this background, this study aims to perform CFD
simulations on T-shaped pipe connections using SimScale, with a focus on analyzing the influence of
inlet velocity variations on fluid flow patterns. The results of this study are expected to provide deeper
insights into flow behavior in pipe connections and contribute to the body of literature on CFD-based
fluid flow simulation studies in the field of engineering.

2. Method

This study uses a Computational Fluid Dynamics (CFD)-based numerical simulation approach to
analyze the effect of inlet velocity variations on fluid flow patterns at T-junction pipe connections. The
SimScale platform was chosen as the primary tool for the simulation due to its cloud-based accessibility
and support for the integrated OpenFOAM solver, which enables web-based processing with good
computational accuracy and efficiency [13].

The geometry of the T-joint model was designed in three dimensions with the following
specifications: main pipe and branch diameter of 100 mm, main pipe length of 750 mm, and branch pipe
length of 125 mm. Pipe wall thickness was ignored under the assumption that the domain is a solid fluid.
The model geometry is created directly in SimScale or imported from external CAD software such as
SolidWorks in STEP format.

The meshing process is performed using a parametric hexagonal meshing method with local
refinement in the joint area to capture turbulence phenomena and recirculation zones more accurately.
Mesh quality is checked using skewness and non-orthogonality parameters. The number of mesh
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elements is varied between 1 and 3 million cells to ensure the accuracy of the results without sacrificing
computational efficiency [14]. The results of the meshing process for the entire T-junction area are
shown in Figure 1a, and the meshing in the inlet area is shown in Figure 1b.

(@) The whole area (b) Inlet
Figure 1. Meshing

Before the simulation process was carried out, boundary conditions were defined for the T-
junction area to describe the physical conditions at the boundaries of the system. The boundary
conditions applied in this study consisted of two inlets, one outlet, and a wall surrounding the T-junction
system. The boundary conditions used in this study are illustrated in Figure 2.

Outlet

|

Inlet 2

l

Wall

Inlet 1

Figure 2. Boundary Condition

The simulation was conducted under steady-state conditions with the assumption of
incompressible and isothermal flow. The main simulation parameters include: the working fluid is water
with a density of 998.2 kg/m* and dynamic viscosity of 0.001003 Pa s; the turbulence model used is the
standard k—€ model; and the SIMPLE solver algorithm is used to solve the Navier-Stokes equations
under incompressible conditions. Turbulence parameters such as turbulent kinetic energy (k) and
dissipation rate (&) are automatically initialized based on inlet conditions using default settings on the
SimScale platform. The inlet channel is given a constant pressure of 0 Pa (gauge), and the pipe walls
are given no-slip conditions. The inlet velocity used in this study has two variations, namely (Table 1):

Table 1. Variation of Inlet Velocity

Speed Variation Vi (m) V; (m)
A -0.5 -1
B -1 -3

The CFD simulation procedure is designed in the form of a flow chart shown in Figure 3. The
main variables observed in this simulation include fluid velocity distribution (both in contour and vector
form), flow patterns (streamlines and recirculation zones), pressure distribution along the pipe axis,
turbulent viscosity distribution, and velocity profiles at the outlet and branches. All data is visualized
using post-processing features in SimScale, including the creation of cross-sections, velocity profile
graphs, and streamlines to detect flow direction and branching.

To validate the accuracy of the CFD simulations, a qualitative validation approach was taken by
comparing the simulation results to physical phenomena reported in previous studies, such as the
formation of stagnation zones, flow separation, and vortices at T-shaped pipe joints. In addition, mesh
independence tests were conducted to ensure the numerical stability of the simulation results. Although
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experimental validation was not performed directly in this study, the simulation results were
qualitatively compared with findings from previous literature studies on flow in T-shaped pipe
connections. Phenomena such as stagnation zones, flow separation, and vortex formation at the branch
were examined to assess the consistency of the results with previously reported physical behavior [15].

DESIGN T-GEOMETRY PIP

MESHING PROCESS
& LOCAL REFINEMENT

SETTING CFD
PARAMETER

DATA EXTRACTION:
CONTOUR, VECTOR,GRAPH

DATA ANALYSIS
& INTERPRETATITION

Figure 3. CFD Simulation Procedure

3. Results and Discussion

CFD simulation on T-shaped pipe joints was performed using the SimScale platform to analyze
the effects of inlet velocity variations on various fluid flow parameters. T-joints are critical areas in
piping networks because sharp flow bends generate high turbulence zones, vortices, and increased
dynamic pressure, which cause pipe wall wear and a decrease in flow system efficiency [16]. The
simulation results were visualized in the form of contours and graphs depicting parameters such as
turbulent kinematic viscosity, specific dissipation rate, pressure, velocity, and turbulent kinetic energy.

3.1 Turbulent Kinematic Viscosity

Based on the results of fluid flow simulations at T-shaped pipe joints (T-junctions) conducted
using CFD SimScale software, it can be analyzed that the flow characteristics produced in the branching
area are highly complex and critical to the overall performance of the system. Figure 4 presents the
results of the simulation of Kinematic Turbulent Viscosity at the T-shaped pipe joint with two variations
in inlet velocity, namely velocity variations A and B. A striking difference is observed in the distribution
of turbulent viscosity values, which are displayed in a color gradient. In velocity variation A, the area
where the main flow and the flow from the vertical branch meet shows yellow to red colors, indicating
high turbulent viscosity values. This indicates that the turbulence level in that area is quite significant
due to strong interactions between high-speed flows.

(a) Speed Variation A (b) Speed Variation B

Figure 4. Turbulent Kinematic Viscosity Simulation
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Conversely, in velocity variation B, the dominance of blue to green colors indicates lower
turbulent viscosity values, and the flow tends to be calmer and more stable. Additionally, the direction
and density of the flow vectors in the image also illustrate the differences in fluid dynamics between the
two velocity variations. In variation A, the flow vectors appear denser and change direction sharply
around the meeting point, indicating the presence of a strong recirculation and mixing zone between the
fluids. This phenomenon causes increased energy dissipation and the possibility of flow separation.
Conversely, in velocity variation B, the flow vectors are more uniform and directed, indicating a more
stable flow pattern and minimal turbulence. This may be due to the lower velocity ratio in the inlet
channel, resulting in insufficient fluid inertial forces to cause aggressive mixing.

From these results, it can be concluded that inlet velocity variation significantly affects turbulence
characteristics at pipe joints. The higher the inlet velocity, the higher the turbulent viscosity value
formed at the joint area, ultimately affecting flow efficiency and potential energy loss. Therefore,
controlling the inlet channel velocity is crucial in pipeline system design, especially to avoid energy loss
due to unwanted turbulence. This analysis aligns with findings in modern CFD studies, which state that
T-junctions are critical points in flow systems due to their high sensitivity to boundary condition
variations and fluid velocity [17].

Previous research [18] shows that the shape and geometry of the branch significantly influence
flow characteristics. Y-shaped connections or connections with smooth curvature radii can significantly
reduce turbulence and improve pressure distribution. Therefore, the design of the piping system for the
turbine must consider reducing sharp changes in fluid direction to maintain system efficiency.
Additionally, the flow vector direction from the simulation results indicates that part of the flow
diverting upward experiences a decrease in velocity. This can cause an imbalance in energy supply to
the turbine section receiving flow from that branch. When designing a turbine prototype, it is important
to quantitatively evaluate the distribution of velocity and pressure throughout the flow path so that the
position and geometry of the blades can be optimally adjusted. Overall, these simulation results provide
important input in the initial design process of a turbine prototype, especially in closed or directed
systems such as pipe turbines. The use of CFD simulation enables the early identification of potential
energy losses, uneven flow distribution, and turbulent zones that could compromise system
performance. Therefore, integrating simulation results with the physical design stage is highly
recommended to produce a more efficient, economical, and field-adaptive turbine system.

The combination of the two speed variations A and B was examined at five observation points
along the fluid flow path at the pipe connection. Subsequently, data in the form of a combined turbulent
kinematic viscosity graph for speed variations A and B was obtained, as shown in Figure 5.
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Figure 5. Turbulent Kinematic Viscosity Chart

The combined turbulent kinematic viscosity graph for various speeds A and B shows the
dynamics of kinematic viscosity at two different paths or measurement points in a turbulent flow system.
The blue curve depicts the variation in Viscosity A (relative), showing a gradual increase from point 0
to 1, followed by a sharp spike at point 2 to reach a peak value of approximately 300 relative units. After
reaching its peak, this viscosity value slowly decreases at the next point, indicating significant flow
disturbance that then begins to subside. Meanwhile, the green curve representing Viscosity B (m?%s)
exhibits fluctuating characteristics, with a sharp spike from point 0 to 1, followed by a drastic drop at
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point 2, then rising again at point 3 before decreasing again. This pattern reflects flow instability in path
B, possibly caused by local turbulence effects or changes in channel geometry, such as a T-joint.
Interestingly, there is an indirect correlation between the two paths, where the viscosity peak in path A
coincides with the lowest point in path B, which may indicate energy compensation or redistribution
within the flow system. Overall, this graph provides important insights into fluid behavior under
turbulent conditions, which can be utilized for flow planning and control in piping systems or other fluid
engineering applications.

3.2 Specific Dissipation Rate

The specific dissipation rate () is used to detect small-scale turbulence in the flow. The following
are the simulation results with speed variations:

¢ & ©

Specific Dissipation Rate (w)

-

(a) Speed Variation A (b) Speed Variation B
Figure 6. Specific Dissipation Rate Simulation

Figure 6 shows the simulation results of the Specific Dissipation Rate (SDR) at a T-shaped pipe
joint for two conditions, namely velocity variation A and velocity variation B. The Specific Dissipation
Rate is a parameter in turbulence models, particularly in the k—® model, which describes the rate of
turbulent energy dissipation per unit volume and time. High SDR values indicate intense turbulent
energy release, typically occurring in areas with high velocity gradients or complex flow interactions.
In velocity variation A, there is a color gradient from blue to red on the SDR contour map, indicating
higher SDR values. This suggests that the flow in this condition experiences significant turbulence, with
notable turbulent energy dissipation, particularly around the branch point. The direction of the flow
vectors also shows deviations and disturbances at the connection points, reinforcing the likelihood of
strong mixing and recirculation zones. Conversely, in velocity variation B, the SDR distribution is
predominantly light blue, indicating lower dissipation values and more stable flow conditions. The flow
vectors also appear more directed and do not show significant flow disturbances at the connection points.

These differences indicate that inlet velocity plays a crucial role in determining the intensity of
turbulent energy dissipation. Variation A, with a higher velocity, causes an increase in Kinetic energy,
which ultimately increases the SDR value, while variation B results in smaller dissipation due to the
smaller amount of flow energy carried. This phenomenon aligns with turbulent flow theory in piping
systems, where flow velocity differences influence the interaction patterns between fluids and the
transition area from laminar to turbulent flow. These results are consistent with the findings of [19],
which show that the orientation of the branch at the “T” joint affects the efficiency of phase separation
in gas-liquid flow, with a certain angle of inclination increasing separation efficiency. Additionally, a
study by [20] used CFD simulations to analyze flow in a “T” joint and found that changes in geometry
and flow conditions can affect velocity and pressure distribution.

Figure 7 shows a combined graph of the Specific Dissipation Rate observed from CFD
simulations of water flow for variations in velocities A and B. This graph illustrates changes in the
Specific Dissipation Rate values at observation points within the flow domain.

The combined specific dissipation rate graph from CFD simulations of water flow compares the
variations in velocities A and B against the specific dissipation rate at five observation points. In the
variation of velocity A, a fairly sharp fluctuation pattern is observed, with a significant increase at the
second point reaching approximately 900,000 1/s, then decreasing at the third point, and rising again to
the highest peak of around 1,000,000 1/s at the fourth point before decreasing at the fifth point. This
pattern indicates high turbulent energy fluctuations, which may be caused by sudden changes in velocity

CFD Simulation of Pipe Joints Using SimScale: Analysis ..............(Haning Hasbiyati) 28



INVOTEK P-ISSN: 1411-3414
Jurnal Inovasi Vokasional dan Teknologi E-ISSN: 2549-9815

or flow direction at these points. Meanwhile, velocity variation B shows a more stable and gradual
pattern. Its values tend to increase from the first point, reaching a peak of approximately 800,000 1/s at
the fourth point, then decreasing slightly at the fifth point. The difference in patterns between velocities
A and B indicates that the flow characteristics produced by velocity A are more dynamic and result in
more extreme turbulent energy dissipation than velocity B. This information is important for analyzing
system flow performance, as points with high dissipation may indicate potential energy loss or areas
requiring channel design optimization. A study [21] shows that the use of CFD models can aid in
analyzing flow characteristics and energy dissipation in abrasive water jet systems, which is relevant to
studies of water flow in pipes. Additionally, research [22] highlights the importance of understanding
thermal energy dissipation statistics in turbulent convection, which can provide additional insights into
turbulent flow analysis. Thus, a deep understanding of the Specific Dissipation Rate and its application
in CFD simulations is crucial for optimizing flow system design and identifying high energy dissipation
areas that may cause pressure loss or system inefficiency
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Figure 7. Specific Dissipation Rate Chart
3.3  Pressure Distribution

The pressure distribution shows that the highest pressure is at the upstream (before the
connection) and decreases dramatically after passing through the connection. This phenomenon is in
accordance with Bernoulli's principle, whereby an increase in velocity causes a decrease in pressure. At
higher inlet velocity variations, the pressure gradient becomes steeper, which can increase the risk of
pipe wall erosion. The following are the simulation results with velocity variations:

CI e

(a) Speed Variation A (b) Speed Variation B
Figure 8. Pressure Distribution Simulation

Figure 8 shows the simulation results of pressure distribution at a T-shaped pipe joint for two
flow velocity variations, namely velocity variation A and velocity variation B. Pressure distribution is
an important parameter in piping systems because it is directly related to the forces acting on the fluid
and the overall efficiency of the system. From the color visualization and flow vector direction,
significant differences between the two variations can be analyzed. In velocity variation A (Figure 8a),
the pressure distribution shows a lower range and tends to be stable along the pipe path. Blue to light
green colors dominate, indicating relatively low pressure and not too sharp pressure gradients. This
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suggests that the flow is more uniform, and pressure loss due to friction or changes in fluid direction at
the joint area is relatively small. The direction of the flow vectors also shows a smooth pattern without
major disturbances, supporting the assumption that the flow is in a more controlled state.

Conversely, in velocity variation B (Figure 8b), the pressure distribution shows a wider color
gradient, from blue at the inlet to red at the outlet, indicating significantly higher static pressure in the
downstream section. Lower flow velocity causes static pressure to remain high, especially after
branching. The yellow to orange color on the right side of the joint indicates pressure accumulation due
to slow and less turbulent flow, so that pressure is not converted into kinetic energy.

This comparison shows that inlet velocity has a significant influence on pressure distribution
within the piping system. Variation B, which likely has a lower velocity in one of the inlet channels than
variation A, results in a more significant imbalance in pressure distribution. This can lead to flow
inefficiency and increased risk of system failure due to excessive pressure or extreme negative pressure.
Conversely, velocity variation A provides a more even pressure distribution, which is more ideal for
piping system applications requiring flow stability. This finding is supported by recent literature
emphasizing the importance of velocity and pressure control in pipe joint design to prevent
hydrodynamic disturbances and energy loss [23], [24].

The combined pressure distribution graph from the CFD simulation results of water flow shows
significant differences in characteristics between velocity variations A and B.
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Figure 9. Pressure Distribution Chart

Based on Figure 9, at speed variation A, the pressure increases dramatically from an initial point
of about 50,000 Pa to a peak of over 420,000 Pa at the fourth point, before decreasing slightly at the
fifth point. This increase indicates that the flow at speed A results in a relatively high pressure buildup
along the trajectory, indicating either flow resistance or pressure accumulation due to the high fluid
velocity. Meanwhile, at speed variation B, the pressure is relatively very low and tends to fluctuate, even
experiencing a negative value at the third point. Negative pressure values indicate the possibility of
suction effects or local vacuum zones that can arise due to differences in velocity gradients and
turbulence structures in the channel. This phenomenon is in line with fluid theory that pressure in the
flow is strongly influenced by acceleration and flow direction. According to [25], in internal flow, such
as flow in a pipe or narrow channel, the pressure distribution is closely related to the velocity and type
of flow (laminar or turbulent).

High pressure usually occurs at the inlet or when the flow slows down, while low pressure or even
negative pressure may occur in areas of rapid acceleration or behind obstacles. The study [26] also
emphasizes that pressure is greatly affected by turbulence modeling and is important in evaluating the
hydraulic performance of flow systems. As such, this graph shows how velocity variations can
significantly change the pressure distribution in a flow system, which is very useful in the design of
piping systems, irrigation channels, or water flow-based equipment. Understanding these pressure
distribution graphs is important to avoid pressure loss, cavitation, or potential mechanical damage to the
fluid system.
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3.4 Velocity Magnitude

The velocity magnitude shows a predominantly straight flow pattern from the main inlet to the
outlet, with a small portion of the fluid entering the T branch. This pattern changes as the inlet velocity
increases, where there is greater flow swirling and flow direction deviation. The following are the
simulation results with speed variations:

Velocity Magnitude

(a) Speed Variation A (b) Speed Variation B
Figure 10. Velocity Magnitude Simulation

Figure 10 shows the simulation results of Velocity Magnitude or the magnitude of fluid flow
velocity at the T-shaped pipe connection for two conditions of velocity variation, namely velocity
variation A and velocity variation B. This velocity distribution provides important information about
flow characteristics, potential stagnation zones, and fluid distribution efficiency in the piping system. In
velocity variation A (Figure 10a), the fluid velocity appears high along the main flow, especially in the
section after the bifurcation, which is marked with green to yellow color. The flowline pattern shows
that the flow from the vertical branch manages to enter and mix with the main flow, forming a fairly
sharp velocity gradient. This phenomenon indicates that the higher inlet velocity results in a more
directional and dominant flow, and allows for an increase in kinetic energy at the outlet region.

In contrast, in velocity variation B (Figure 10b), the fluid velocity is generally lower, as indicated
by the dominance of light blue to yellow colors. The flow pattern shows the presence of a recirculation
zone or vortex in the area after the branch, characterized by a circular flow line pattern and low velocity
color. This indicates that the lower velocity is not strong enough to overcome the effects of the joint
geometry, leading to the formation of stagnant regions or localized turbulence. This comparison shows
that velocity variation B produces flow with sharper velocity fluctuations and more complex flow
patterns than velocity variation A. Higher inlet velocities or different fluid inlet directions in variation
B can lead to large velocity gradients, which implies increased local kinetic energy but also increases
the risk of flow irregularities. Meanwhile, velocity variation A shows more uniform flow performance
and tends to be more efficient in the context of flow stability.

This is in accordance with the findings in CFD literature studies that emphasize the importance
of velocity and inlet direction adjustment in pipe joint design to avoid the negative effects of flow
separation and stagnation zones [27]. Research conducted by [28] reinforces these findings, where the
flow at the “T” intersection produces complex vortex patterns and significant velocity fluctuations,
especially around the inner wall of the flow bifurcation and confluence zone. Furthermore, based on
research by [19], areas with sharp changes in flow direction in such joint systems are prone to low flow
efficiency and localized stress increases, which, if not addressed, can lead to long-term mechanical
damage.

The combined graph of CFD simulation results shown in Figure 11 shows the distribution of
velocity magnitude at five observation points for two inlet velocity variations, namely variation A and
variation B. In velocity variation A, there is a very high velocity spike at point 1, which then decreases
dramatically at subsequent points. This phenomenon can be caused by the high initial velocity, which
causes the flow to become unstable and experience a drastic decrease due to the influence of turbulence
and internal friction. This follows [26], which states that a sudden increase in kinetic energy at the
beginning of the simulation domain can cause significant pressure imbalance and turbulence.

In contrast, velocity variation B shows a more stable and gradually increasing velocity distribution
from point 3 to point 5. This pattern indicates that the flow undergoes a more controlled development
and exhibits better stability compared to variation A. According to [29] the gradually increasing stability
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of the flow is usually influenced by the domain geometry design and moderate inlet velocity, which
allows optimal boundary layer development and reduces pressure loss. Therefore, in designing fluid
flow systems such as waterways or piping systems, the selection of inlet velocity variations should
consider the stability and efficiency of the flow throughout the domain.
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Figure 11. Velocity Magnitude Chart
3.5 Kinetic Energy

Turbulent kinetic energy (TKE) is used to describe the intensity of velocity fluctuations in the
flow. The following are the simulation results with speed variations:

Turbulent Kinetic Energy

(a) Speed Variation A (b) Speed Variation B
Figure 12. Turbulent Kinetic Energy Simulation

Figure 12 shows the simulation results of Turbulent Kinetic Energy (TKE) in the water flow at
the T-shaped pipe connection for two inlet velocity variations, namely velocity variation A and velocity
variation B. Turbulent Kinetic Energy is one of the important parameters in computational fluid
dynamics (CFD) that represents the amount of kinetic energy possessed by turbulent velocity
fluctuations in the flow. The higher the TKE value, the greater the turbulence intensity, which can affect
flow efficiency, fluid mixing, and pressure in the piping system. At speed variation A (Figure 12a), a
fairly wide distribution of TKE is seen, with color gradations from blue to green, even reaching yellow
and orange in some areas. The highest TKE values appear at the point where the flow meets from the
vertical and horizontal directions, as well as along the path to the right outlet. This indicates that velocity
A generates high levels of turbulence, especially in the bifurcation and turning areas. The flow vector
pattern also shows directional disturbances, which indicate significant velocity fluctuations due to the
interaction of flows from two different directions. These conditions are generally generated by high
velocities or large differences between the two flow directions.

In contrast, in velocity variation B (Figure 12b), the TKE value is much lower, indicated by the
dominance of blue and a little light green. Turbulent energy concentration points only appear in the bend
area, and do not spread widely as in variation A. The flow vector direction also appears more regular
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and does not show many abrupt changes. This suggests that at speed B, the flow tends to be more stable
with less turbulent disturbance, resulting in higher efficiency in mass flow but possibly less favorable
in the fluid mixing process. This comparison shows that varying speed A results in higher turbulence
intensity, which is useful in applications that require rapid mixing (such as fluid reactors or chemical
mixing), but can lead to greater pressure losses. Meanwhile, velocity variation B produces a more stable
and efficient flow for clear fluid transportation without much pressure loss. These findings are in line
with the research of [28] who used CFD simulations to observe the flow behavior at a “T” junction.
They found that the bifurcation creates a region of maximum turbulence fluctuation due to changes in
flow direction and geometry. In addition, [30] showed that the highest turbulent kinetic energy appears
around the branch point due to the interaction of the inflow and outflow, which causes significant
disturbances in the fluid boundary layer. This is reinforced by the results of research [19] which states
that the effect of branch direction and position on TKE is very large, especially in two-phase flow
applications and under variable pressure conditions.
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Figure 13. Turbulent Kinetic Energy Chart

Figure 13 shows the comparison of Turbulent Kinetic Energy (TKE) from CFD simulation results
of water flow at two speed variations, namely speed A and speed B, along the observation points in the
pipe system. It can be seen that at speed variation A, the TKE value increases significantly until it
reaches its peak at points 2 and 3 (about 32,000 and 29,000 m?/s?), before decreasing dramatically.
Meanwhile, in velocity variation B, the turbulent kinetic energy is relatively low, with a maximum value
of only about 2,500 m?/s? occurring at point 4.

The striking difference between these two variations indicates that increasing the inlet velocity
significantly increases the level of flow turbulence. This is in line with the research of [31] who stated
that increasing the fluid velocity tends to increase the velocity gradient and produce higher turbulent
energy, especially in areas with geometry changes or branches such as T-shaped pipe joints. Thus, inlet
velocity variations in CFD simulations not only affect the turbulent kinetic energy distribution but also
provide an overview of potential critical zones in piping systems that need to be considered in the design
of engineering fluid systems.

In velocity variation A a comparison between the main parameters (velocity, pressure, TKE, and
turbulent viscosity) for each inlet velocity variation. It can be seen that all parameters increase as the
inlet velocity increases, indicating that the flow becomes more turbulent, unstable, and more complex
fluid interactions occur. This shows that variations in inlet velocity greatly affect the performance of the
piping system, both in terms of efficiency and potential long-term damage.

Figure 14 shows that all parameters have increased values at a certain point, especially when there
is a change in flow direction and interaction between pipe branches (e.g., at points 1 and 3). The Specific
Dissipation Rate shows the highest fluctuation, indicating a location with maximum turbulence
intensity. Velocity and Pressure tend to increase gradually as the inlet velocity increases. The TKE and
Turbulent Viscosity parameters follow a similar trend, indicating that the greater the inlet velocity, the
greater the turbulent energy occurring in the system.
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Figure 14. Comparison Chart of Main Parameters of Speed Variation A

This finding is in line with the results of a recent study [19] which states that flow bifurcation at
the “T” junction produces flow irregularities in the form of vortices, jet collisions, and wall separation
that trigger an increase in SDR and TKE. Research [28] also confirms that the peak values of SDR and
TKE are usually at bends or fluid collision points, and are strongly influenced by pipe geometry and
boundary conditions. Overall, these graphs demonstrate the importance of a thorough understanding of
the interactions between hydrodynamic parameters in the design of pipe joints, especially to reduce
energy loss and the risk of damage due to extreme turbulence.
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Figure 15. Comparison Chart of Main Parameters of Speed Variation B

Figure 15 shows a comparison of five key parameters-Turbulent Kinematic Viscosity, Specific
Dissipation Rate, Pressure Distribution, Velocity Magnitude, and Kinetic Energy-at five observation
points for speed variation A. From the graph, it can be seen that the Turbulent Kinematic Viscosity value
(orange line) experiences a drastic spike at the 4™ observation point, reaching a peak value of over
600,000 before decreasing again at the 5th point. This increase indicates the possible occurrence of
locally strong turbulence at that point, which may also trigger an increase in kinetic energy and
significant changes in the pressure distribution.

The Specific Dissipation Rate parameter (brown color) shows small fluctuations, indicating that
the turbulent energy dissipation rate tends to be stable at all observation points. In the Velocity
Magnitude parameter (purple color), a gradual increasing trend is seen up to point 5, which indicates the
acceleration of the fluid flow or the influence of external acceleration. Meanwhile, the Kinetic Energy

CFD Simulation of Pipe Joints Using SimScale: Analysis ..............(Haning Hasbiyati) 34



INVOTEK P-ISSN: 1411-3414
Jurnal Inovasi Vokasional dan Teknologi E-ISSN: 2549-9815

(light blue line) has increased consistently up to point 5, which is consistent with an increase in velocity
and a possible increase in turbulence. This trend indicates a close relationship between kinetic energy,
fluid velocity, and turbulence intensity in the system, as described in a study by [26] on computational
fluid dynamics. Overall, this graphical analysis reflects the presence of complex fluid flow dynamics at
varying A velocities, with significant interactions between velocity, pressure, and turbulence
parameters. A good understanding of these patterns is important in the design of fluid flow systems such
as air ducts, piping systems, or acrodynamic devices.

Based on Figure 16, it can be observed that each parameter experiences significant fluctuations
along the observation points. The viscosity parameter in both variations shows an increasing trend from
point 1 to point 4, which indicates an increase in fluid viscosity due to temperature changes or local
turbulence effects. Meanwhile, the fluid pressure shows a significant increase, especially at points 4 and
5, which can be attributed to stagnation or compression zones along the path [26]. For the flow velocity,
the highest peak is seen at point 4, which indicates an acceleration of the flow, most likely due to channel
constriction or nozzle effects. Turbulent kinetic energy increases along the observation points, with a
maximum value at point 5, indicating an increase in turbulence intensity downstream of the flow [32].
In general, the parameters of variation B tend to show higher values, indicating that the flow conditions
of B are more complex or more influenced by turbulent factors than those of variation A

08}

Parameters

Point Observation

Figure 16. Comparison Chart of Main Parameters of Speed Variations A and B

4. Conclusion

Based on the CFD simulation results displayed through five main parameters (Turbulent Kinematic
Viscosity, Specific Dissipation Rate, Pressure Distribution, Velocity Magnitude, and Turbulent Kinetic
Energy), it can be concluded that Velocity Variation A produces more turbulent flow conditions
compared to Velocity Variation B. This is indicated by the higher values of turbulent kinematic viscosity
and specific dissipation rate in Variation A, indicating greater turbulence intensity. This is indicated by
higher values of turbulent kinematic viscosity and specific dissipation rate in Variation A, indicating
greater turbulence intensity. In addition, the flow velocity (magnitude of velocity) and turbulent kinetic
energy were also higher in Variation A, indicating that more flow energy was utilized to form vortices
and complex turbulence patterns around the pipe joints. On the other hand, in Velocity Variation B,
there is greater pressure accumulation, indicated by the higher pressure distribution, which indicates a
decrease in velocity due to flow resistance or possible flow separation. Velocity Variation A excels in
almost all turbulent flow parameters, except in the pressure aspect, where Velocity Variation B shows
more dominant values. This indicates that higher inlet velocities (in Variation A) accelerate the flow but
also increase the turbulence complexity and potential kinetic energy in the pipe system. The variation
of inlet velocity greatly affects the distribution and intensity of all flow parameters. Increasing speed not
only increases the efficiency of fluid transport but also has the potential to cause stronger turbulence and
uneven pressure distribution, so an optimal system design is needed to avoid long-term damage.
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