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simulation is run in ANSYS Fluent under turbulent circumstances using water as the
working fluid and a Reynolds number of 3840. Important elements are examined,
including velocity profiles, pressure distribution, flow separation, secondary flow
structures, and turbulence intensity. To verify the precision and dependability of the
simulation findings, a grid independence test is conducted. The study emphasizes how

Keywords: the shape of the Y-junction affects fluid behavior, including pressure decreases and
Y-junction pipe; energy loss reduction; vortex generation. With possible uses in industrial pipes, HVAC systems, and chemical
velocity profiles; pressure process equipment, the results offer insights into enhancing Y-junction designs by
distribution; flow separation reducing turbulence and maximizing flow uniformity.

1. Introduction

Y-junction pipes are essential parts of fluid distribution systems and are frequently seen in sectors
including chemical processing, oil and gas pipelines, and water treatment. A bifurcation or
confluence, where the main flow divides into two branches or where two flows combine to form one,
is what defines their shape. The Y-junction pipe is a perfect example for researching turbulent flow
behavior because of its distinctive construction, which produces intricate flow dynamics [1,2]. In
addition to the abrupt direction changes at the junction, there are major flow disruptions that might
result in secondary flows, pressure changes, and possible energy losses. Understanding flow
dynamics may have a major impact on performance and energy efficiency in fluid distribution
systems, which is why studying turbulent flow behavior in Y-junction pipes is essential [3]. Y-junctions
are often used in a variety of technical applications, such as chemical processing equipment, HVAC
systems, and industrial pipes. To effectively mimic turbulence and its impact on fluid behavior,
sophisticated modeling approaches are required due to the complexity of flow patterns in these
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junctions. Mund et al., [4] suggested that analyzing several factors of a system, such as fluid flow,
heat transfer, and computational fluid dynamics (CFD), can be used to solve a system of equations
with the use of a computer system.

Leschziner [5] point out that, for example, the computational power and methods for numerical
and visualization have improved rapidly, but the predictive features of statistical turbulence models
are weaker and advance slowly, even though there has been a lot of rigorous work done in the recent
past. Therefore, it is very important to employ computational fluid dynamics (CFD) analysis since it
gives more accurate results than experimental analysis [6-8]. In many cases, groundwater modelling
involves the use of the finite-difference approach to solve the groundwater flow equation. This
method is widespread, and many of these models require a relatively fine grid of the computer
domain to replicate the specified process in limited areas of interest [9]. The k-¢, k-epsilon, and k-w,
omega turbulence models provide a foundation for accurately estimating energy dissipation and
eddy viscosity. They also state that it is necessary to further improve the grid, especially in the
locations where the geometry changes suddenly, as it is expected that more comprehensive flow
descriptions will occur in those areas.

The specific objective is to examine the velocity and pressure fields of flow in tapered pipes of
different lengths. This involves examining how tapering affects the flow behavior in terms of velocity
enhancement and pressure decrease, as well as looking at other published material and simple
models. To determine the number of nodes that are appropriate for simulations or the density of a
mesh that strikes the optimal balance between calculation time and precision, it is essential to run a
GIT on one geometry [10]. Once the optimal number of nodes for one of the geometries was
determined, the mesh refinement technique that was described was applied to the other two
geometries to achieve results that were both accurate and reproducible. According to Debtera [11],
using ANSYS Fluent software can be the method that provides the most accurate estimates.

In the current investigations, ANSYS Fluent will be utilized to investigate turbulent flow science,
determine the difference between the two geometries, and analyze selected flow phenomena such
as flow separation, streamwise velocity, and turbulence intensity. CFD has the potential to be used
as an advanced design tool, rather than only a forecast tool [12,13]. The first one has to do with the
study of the velocity and pressure fields in pipes that converge or diverge and have random lengths.
These include looking into how tapering affects the flow dynamics in terms of velocity increase and
pressure drop on the models, as well as comparing the computed values with theoretical and
published data. One of the main goals is to conduct a GIT on a single geometry to determine the
number of nodes or mesh density that is necessary to achieve satisfactory computing performance
of the method with the desired accuracy of outputs. This mesh refinement method was also used on
the other two geometries to increase accuracy when the optimal number of nodes for attaining the
best results was determined.

The fundamental flow characteristics that are considered are pressure and velocity. Bernoulli's
theorem states that the parameters of pressure and velocity change in relation to each other as fluid
travels through the reduction section of a pipe system [14]. Tapered pipe fluid dynamics is a
challenging area of study, and computational fluid dynamics (CFD) is becoming an essential tool for
assessing many problems that involve fluid flow in complicated forms in turbulent regimes. Mixed
representations are adjusted using a method known as mesh adaptation. This method includes
dividing or coarsening groups of cells based on a certain refinement criterion [15]. A criterion must
be connected to the flow problem and the turbulence model that is used in the decision-making
process. There has been a lot of interest in studying the fluid dynamics of Y-junction pipes because
of how it relates to several industrial uses, especially the transfer of heavy oils. Dianita et al., [16] did
a study that used computational fluid dynamics (CFD) to simulate core annular flow (CAF) in T- and
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Y-pipe junctions. The study focused on how Newtonian and non-Newtonian fluids behave. The
research showed that the shape of the junctions is very important for how well the flow works. The
results indicated that larger pipe diameters and higher junction angles lead to better oil holdup and
lower pressure gradients.

This study emphasizes the significance of optimizing pipe layouts to improve flow stability and
efficiency in systems that transport heavy oil. De la et al., [17] conducted additional research on two-
phase flows, which included an inquiry of how water-oil mixes change in Y-junctions. Their numerical
work highlighted the importance of injection designs on phase behavior. It showed that some settings
could cause transitions from stable core annular flow to stratified or slug flows downstream. This
shift presents difficulties in maintaining flow stability and efficiency, which emphasizes the need for
accurate modelling tools to properly forecast and regulate these behaviors. The findings showed that
while some designs enhanced oil holdup, they also caused pressure fluctuations to increase, which
meant that design factors needed to be balanced carefully. De la et al., [18] conducted another
important study in which they investigated the emulsification process in Y-junction horizontal
pipelines. They focused on several injection configurations for mixtures of water and glycerol. The
purpose of the research was to investigate the impact of different flow conditions on the
effectiveness and stability of emulsification in these junctions. The findings demonstrated that
optimizing injection settings might greatly enhance phase interactions and improve overall flow
performance, thereby giving useful insight into the design of efficient fluid transport systems.

This work provides additional evidence of the complexity of flow dynamics at junctions and the
urgent requirement for better computational fluid dynamics (CFD) approaches to effectively capture
these interactions. In general, these studies highlight the complex nature of fluid dynamics in Y-
junction pipes and the need to use advanced modelling techniques to improve flow performance in
a variety of industrial applications. Continuing study in this subject is vital for developing more
efficient fluid transport systems that can efficiently handle complicated multiphase flows while
minimizing energy losses and operational issues.

2. Methodology
2.1 System Description

With a focus on comprehending how changes in pipe shape and mesh size affect flow dynamics,
the system presented employs computational fluid dynamics (CFD) simulations carried out in ANSYS
to analyze a Y-junction pipe in depth. To start the investigation, the Y-junction geometry was
duplicated and modified to produce three separate models, each with a different pipe radius. The
first model has a radius of 0.65 cm. While the second model significantly extended the radius 0.95
cm to assess the effect of an enlarged cross-section on flow behavior, the first model kept the
baseline radius as a reference. The third model, which concentrated on the consequences of
narrower flow channels, increased to a radius of 1.25 cm.

In every CFD simulation, a grid independence test is carried out to discover the optimum grid size
that has the smallest number of grids without significantly changing the numerical results based on
the evaluation of various grid sizes. The purpose of these changes was to provide light on how the
radius influences variables including pressure drop, turbulence intensity, and velocity distribution. To
guarantee the precision and dependability of the simulations, mesh refinement and duplication were
carried out after the geometric adjustments. Five copies of each of the three geometries were made,
each with an increasingly fine-tuned mesh. This stage was essential for doing a grid independence
study, a procedure meant to determine the ideal mesh size at which the stimulation results become
stable and insensitive to additional fine-tuning. It was possible to assess how the distribution of nodes
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and elements affected the computational results since the mesh sizes most likely varied from coarse
to fine.

2.2 Geometry Details

The geometry setup for the Y-junction pipe in ANSYS was designed to systematically study the
effect of varying pipe radius on fluid flow behavior as shown in Figure 1. The Y-junction geometry
was carefully modeled using the Design Modeler tool within ANSYS, with three different
configurations, each having a unique pipe radius, while maintaining consistent lengths for the pipes.
The Y-junction consisted of a main inlet pipe that bifurcates into two outlet branches at an angle of
30° each. The lengths of the pipes were kept constant across all configurations to ensure
comparability of results. Specifically, the main inlet pipe was modeled to have a length of 120 cm,
while each of the two outlet branches was designed with a length of 100 cm. This consistent
dimensional setup enabled a focus on the effects of varying the pipe radius without introducing
inconsistencies in flow path length as shown in Table 1.

Fig. 1. Y Junction pipe

Table 1

Geometry parameter

Case External radius (cm) Length (cm) Element (cm) Element Nodes
1 0.65 48585 10367
2 0.95 100 and 120 0.2 100472 19974
3 1.25 170007 32507

The modeling process involved creating 2D sketches for the pipe layout on the XY plane. The
sketches included straight lines and arcs to represent the inlet and bifurcated branches. After
completing the sketches, the Revolve tool was used to generate 3D cylindrical pipes by rotating the
2D profile around the central axis. Careful attention was given to ensure smooth transitions at the
junction and a realistic representation of the bifurcation. Each geometry configuration was saved as
a separate model, ensuring that only the pipe radius was varied while the length and overall design
remained identical. This approach allowed for consistent boundary conditions and mesh setups,
facilitating a direct comparison of simulation results for different pipe radius. The detailed geometry
creation ensured that the Y-junction models accurately represented real-world applications and
provided a solid foundation for analyzing fluid flow dynamics in the subsequent CFD simulations.

Significant impacts on velocity and pressure distributions are shown by the examination of the Y-
junction pipe with different radius, as the graphs in Figure 2 demonstrate. The confined flow route
in the small- radius design (0.65 cm) led to higher flow acceleration and the highest velocity values.
The red curve of the pressure graph, which shows energy losses because of increased flow resistance

49



Semarak Journal of Thermal-Fluid Engineering
Volume 5, Issue 1 (2025) 46-54

and possible vortex formation at the junction, indicates that this also caused the biggest pressure
reduction. On the other hand, the baseline medium-radius arrangement (0.95 cm) displayed
moderate velocity and pressure profiles, achieving a balance between pressure loss and flow rate. In
comparison to the small radius instance, the velocity distribution was smoother, and the pressure
drop was less severe, suggesting increased flow efficiency. Due to the extended flow path's ability to
lower flow resistance and promote more uniform distribution, the large radius design (1.25 cm)
showed the lowest velocity and pressure drop. However, in applications that call for dynamic flow
modifications, this design may result in longer reaction times and decreased mixing efficiency. When
building Y-junctions with varying pipe radius, the comparison often emphasizes the tradeoffs
between velocity profiles, pressure losses, and flow efficiency. The results highlight how crucial it is
to adjust pipe diameters to satisfy operating needs while striking a balance between flow dynamics
and energy economy.
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Fig. 2. Different geometry (a) Velocity (b) Pressure drop chart based on different radius

2.3 Grid Independence Test

The Grid Independence Test is a crucial step in computational fluid dynamics (CFD) simulations
to ensure that the results are not significantly influenced by the mesh size but are instead reflective
of the actual physical phenomena being modeled [19]. In the analysis of a Y-junction pipe using
ANSYS, the test was performed by creating five different meshes with varying element sizes 0.09 cm,
0.1 cm, 0.2 cm, 0.5 cm, and 1.1 cm as shown in Table 2. The purpose of this was to evaluate the
influence of mesh refinement on the simulation results, particularly on the accuracy and convergence
of key parameters such as velocity, pressure, and flow distribution. For each mesh size, a
corresponding grid for the Y- junction geometry was generated, ensuring that each mesh was
sufficiently fine to capture important flow features, such as turbulence, vortices, and flow separation,
but not so fine that it would unnecessarily increase the computational cost. The five mesh sizes
chosen ranged from the coarser mesh 1.1 cm to the finer mesh 0.09 cm, which allowed observation
on how the resolution of the mesh impacted the accuracy of the flow characteristics in the junction.

The analysis of nodes and elements for each mesh size was critical. As the mesh size decreased
from 1.1 cm to 0.09 cm, the number of elements and nodes increased, resulting in a more detailed
representation of the flow field. A finer mesh can capture smaller-scale features, such as turbulence
eddies and boundary layer behavior, which are critical for accurate predictions of pressure drop,
velocity profiles, and vortex formation. The convergence of key parameters such as velocity and
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pressure drop with decreasing mesh size were observed. With the course meshes 1.1 cm, it can be
noticed that the flow characteristics were not as well-defined, with larger discrepancies in pressure
and velocity profiles compared to the finer meshes. As the mesh was refined, the results became
more stable, showing less fluctuation in values, particularly for parameters like the pressure drop
across the junction and the velocity distribution. However, once the mesh size of 0.09 cm was
reached, the results showed diminishing returns, where further refinement had little effect on the
overall outcome. This indicated that the mesh has achieved independence, meaning the results were
no longer significantly affected by further mesh refinement. The grid independence test was done to
select an optimal mesh size that provided a balance between computational cost and result accuracy,
ensuring reliable and efficient simulations for the Y-junction pipe.

Table 2

Grid independent test parameters

Case Element size (cm) Length (cm)  External radius (cm) Element  Nodes
1 0.09 513960 96420
2 0.1 380419 72348
3 0.2 100and 120 0.65 48585 10367
4 0.5 48452 10508
5 1.1 48742 10558

Figure 3 shows how various element sizes affect a GIT's (grid independent test) velocity and
pressure profiles. Every line represents a distinct configuration with differences in radius and body
size that impact flow behavior. A bigger element size is shown by the red line, which exhibits
smoother transitions with a consistent rise in velocity, a rapid decrease close to X = 0, and modest
stabilization, which suggests less turbulence. The pressure profile that corresponds to it shows a clear
increase followed by a gradual decline until stabilizing at a higher level. The pressure profile of the
green line, which represents a smaller element with a smaller radius (0.65 cm), displays softer fall
and recovery, indicating better flow management, smoother flow transitions, with a swift velocity
climb and fewer abrupt decreases.
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Fig. 3. Independent test for (a) Velocity (b) Pressure drop chart test

On the other hand, the purple and pink lines, which represent intermediate element sizes, show

notable variations in pressure and velocity, emphasizing flow instability and turbulence. These
findings highlight how crucial it is to optimize element size and shape to decrease turbulence, provide

51



Semarak Journal of Thermal-Fluid Engineering
Volume 5, Issue 1 (2025) 46-54

smooth flow profiles, and improve system performance. While intermediate sizes tend to worsen
flow disruptions, smaller components with a smaller radius often offer the optimum equilibrium.

3. Comparison with Published Value

In the published study by Dianita et al., [20], a grid independence test was performed to identify
the optimal computational grid size for accurate CFD simulations of flow behavior in a horizontal pipe
with sudden expansion. The analysis revealed that using 328,700 computational cells provided a
balance between accuracy and computational efficiency. This grid size achieved upstream and
downstream pressure gradient values of 9.39 kPa/m and 1.67 kPa/m, respectively, with relative
errors of 1% and 9% compared to the experimental results of 9.29 kPa/m (upstream) and 1.54 kPa/m
(downstream). While the finer grid size of 509,212 cells showed slightly improved accuracy (relative
errors of 2% and 12%), the differences were deemed insignificant, leading to the selection of 328,700
cells for further simulations. The study under comparison investigates the effects of varying pipe
radius on velocity and pressure distributions in Y-junctions, using computational fluid dynamics (CFD)
simulations, while this conducted study explores similar phenomena but with additional emphasis
on mesh refinement through a detailed grid independence test. Both studies focus on the interaction
between geometry, flow characteristics, and computational accuracy, employing systematic
methodologies to ensure reliable results.

The compared study demonstrates that smaller pipe radius (0.65 cm) results in higher flow
velocity and significant pressure drops due to increased flow resistance and vortex formation. In
contrast, a medium radius (0.95 cm) offers a balanced performance, minimizing pressure loss while
maintaining efficient flow. The larger radius (1.25 cm) achieves the lowest pressure drop and velocity
but at the expense of reduced dynamic flow response and mixing efficiency. These findings highlight
the trade-offs between velocity profiles, pressure losses, and flow efficiency, underscoring the
importance of tailoring pipe geometry to operational requirements. In this conducted study, a Grid
Independence Test further validates the accuracy of CFD simulations, focusing on how mesh
refinement impacts key parameters such as velocity, pressure, and flow distribution. By testing five
different mesh sizes (0.09 cm to 1.1 cm), this ensured that the results were independent of mesh
resolution. Finer meshes captured intricate flow features like turbulence and vortices, leading to
more precise predictions. However, beyond the mesh size of 0.09 cm, additional refinement yielded
diminishing returns, confirming grid independence. This approach not only optimized computational
efficiency but also enhanced the reliability of simulation results [16,20].

Both studies emphasize the importance of optimizing geometric and computational parameters
to balance flow efficiency, energy economy, and simulation accuracy. However, the incorporation of
a systematic Grid Independence Test in this conducted study provides an additional layer of
validation, ensuring that the observed flow characteristics are reflective of real-world dynamics and
not artifacts of numerical modelling. This robust the methodology of this study and well-suited for
practical applications where both accuracy and efficiency are critical.

3.1 Findings Analysis vs Published Data and CFD Model Parameters Accuracy

The results of this investigation validate the chosen CFD model parameters and guarantee that
the simulations faithfully depict the flow dynamics in Y-junction pipes in the real world since they
closely match with the reported values in literature material. The observation in this study of the
variance in velocity and pressure distributions over various pipe radii are in good agreement with
trends that have been previously documented. For example, the larger pressure drops and increased
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flow acceleration in designs with smaller radius (0.65 cm) are in line with well-established fluid
dynamics principles, which state that limited flow regions result in increased resistance and energy
losses. These results are further supported by the medium-radius designs' modest performance (0.95
cm) and the larger- radius configurations' decreased velocity and pressure drop (1.25 cm).

The apparent accuracy of the findings was greatly influenced by the model parameters chosen,
including mesh refinement levels, boundary conditions, and suitable turbulence models. The study
made sure that the numerical predictions were representative of the actual processes and unaffected
by mesh size by conducting a Grid Independence Test. The durability of the CFD setup was shown by
the convergence of important parameters, including velocity and pressure drop, at a mesh size of
0.09 cm.

4. Conclusions

To sum up, the investigation of fluid flow behavior in a Y-junction pipe with different radii has
shed light on the connection between flow efficiency, pressure drop, velocity distribution, and pipe
shape. Three alternative Y-junction pipe designs with varying radii, small (0.65 cm), medium (0.95
cm), and large (1.25 cm) were carefully modelled and simulated in ANSYS to investigate their
influence on the flow dynamics. The findings showed that although a smaller radius increased flow
acceleration and velocity, it also increased pressure losses and the possibility of vortex formation at
the junction. While the large radius showed lower velocities and pressure decreases, indicating
increased flow efficiency but possibly at the expense of slower responses and less mixing, the
medium radius provided a balanced flow with moderate velocity and pressure drop.

Additionally, the Grid Independence Test verified that the mesh size significantly affected the
accuracy of simulation results, with finer meshes enhancing the predictions of flow characteristics up
to a point of diminishing returns. The correctness of the simulations was confirmed by the
convergence analysis of residuals over all three configurations, which showed stable and dependable
solutions. These results highlight how crucial it is to choose the best pipe radius for a given
application, balancing flow efficiency, pressure, and velocity to achieve the intended operational
goals. Accurate CFD modeling is also ensured by meticulous mesh refinement and convergence
monitoring. This study provides helpful recommendations for Y-junction pipe design optimization in
a range of fluid flow applications.
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