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This paper compares the flow behaviour inside Y- junction pipe through a CFD based 
ANSYS Fluent analysis. The study investigates the influence of pipe diameter (0.1 m and 
0.2 m) and inlet velocity (0.297 m/s, 0.397 m/s and 0.497 m/s) on the flow dynamics, 
pressure distribution and velocity profiles. The simulations are performed by solving 
the steady Navier–Stokes equations for both incompressible, using the finite volume 
method. The effects of geometric and velocity changes on flow features, including 
secondary flows, flow separations and pressure drops, are investigated from which 
significant differences are observed. These are useful results to demonstrate the 
internal flow feature of Y-junction pipes, and to optimize design of transporting fluid 
systems. 
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1. Introduction 
 

Pipeline internal flow is an essential element of fluids transmission system which extensively 
exist in a variety of engineering situations such as water distribution network, heat exchanger as well 
as chemical-processing equipment. The knowledge of flow characteristics is particularly important in 
case of turbulent flow for optimal operation of the system and to prevent system failures. 
Computational Fluid Dynamics (CFD) offers capabilities to visualize and analyse intricate flow 
patterns, enabling engineers to test scenarios with a variety of conditions without conducting 
complex physical testing. CFD has allowed a better understanding of flow mixing and particle 
distribution at Y-junctions as it is especially important in the fields of chemical reactors or water 
distribution networks because it can help in the calculation of the precise amount of chemicals or 
waste products in the reactor or network. The effect of junction geometry and inlet flow conditions 
on mixing efficiency and RTDs, which has been shown by various reports studies, are strongly 
affected by the flow characteristic [1,2].  

Moreover, recent developments in CFD tools made it possible to more accurately predict erosion 
and mechanical stresses in junctions to design more durable piping system [3]. Such flow phenomena 
are generally characterised by the existence of low pressures zones and high pressures gradients 
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that are of utmost importance for the optimal design of piping systems and hydraulic systems in a 
wide range of engineering fields [4]. The comparison of internal flows is a challenging research 
question and needs attention, especially in Y-junctions pipe to solve the fluidic behaviours in 
complex geometries. A key topic is the loss that occurs due to continuity of flow and generation of 
turbulence at junctions. Gajbhiye et al., [1] discussed the effect of pipe fittings on the flow 
phenomenon, indicating the importance of correct modelling in the prediction of pressure loss and 
to optimize system design. It is more essential because it is presented that the energy loss during 
flow convergence and divergence at junctions might affect hydraulic calculation substantially [5]. 
There are a few studies that identify the complexities of numerically simulating flow in Y-junction 
pipes.  

Ferreira et al., [6] showed that the elbow configuration has a strong influence on pump inlet flow 
conditions, which govern the overall system efficiency. These results then lead to certain questions 
of how such similar geometry of Y-junctions influence flow stability and pressure distribution. In line 
with this, Gajbhiye et al., [1] found that turbulence and separation contribute to pressure losses in 
pipe fittings and hence require reliable computational tools to estimate these losses in complex 
junctions. Additionally, Decaix et al., [7] studied hydraulic short circuits in junctions and showed that 
poorly designed junctions could induce noticeable discrepancies in the discharge rates of connected 
pipes, which may result in ineffective operation of hydropower systems. This observation 
underscores the need for more detailed characterization and modelling of junctions for design 
considerations, given that design errors can result in large variations of power and operational 
performance. The importance of accurate prediction to the temperature fluctuations and various 
models for the turbulence flow are the part of the study as well.  

Lopez-Santana et al., [8] emphasise the significance of benchmarking the experimental 
techniques against CFD approaches to estimate the accuracy of the turbulent flow predictions and 
validate the computational results with existing empirical data. This comparison approach is 
essential in the development the predictive model of flow condition in Y-junctions with 
characteristics of high reliability. Therefore, the fundamental issue taken into consideration in this 
study is the lack of knowledge of the detailed internal flow patterns within a Y-junction pipe. In this 
work, we employ sophisticated CFD methods to examine the flow features such as velocity, pressure 
and turbulence kinetic energy under a wide range of operating conditions for the purpose of offering 
fundamental guidelines for optimizing the design and improving the efficiency of operation in 
question engineering applications. However, as vital as these junctions are, studies had earlier 
revealed the challenges of accurately capturing the intricate flow boundary conditions at these 
junctions. For example, Vigolo et al., [9] who discussed the trapping of particles due to fluid dynamics 
at T-junctions, showed how inertia and alterations of the flow directions develop elaborate flow 
regimes of importance in the proper functioning of piping networks.  

Similarly, Doi et al., [10] found that the fluid dynamics when crossing junctions are geometrical-
dependent, with sharp junctions having different flow features from more gradual transitions. The 
forming of these flow features is important to recognize to avoid losses and help design the optimal 
hydraulic performance, for instance in the context of hydropower, see analysis on hydraulic short-
circuits through junctions [7]. The work of Marušić-Paloka, [11] served to further emphasize the need 
to study fluid flow interactions at junctions, detailing how different flow systems will affect the 
efficiency and reliability of systems. It is also worth mentioning that previous works have stressed 
the role of the turbulence models, especially in Y-junctions, on the need to give a correct 
approximation of the flow in real flow cases. Gajbhiye et al., [1] highlighted these discrepancies in 
pressure drop predictions owing to different computational methods, wherein a proper CFD 
methodology is vital. 
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Furthermore, complex junction interactions may cause large differences of the discharges of 
connecting pipes, which can eventually destabilize the systems, especially in the case of hydraulic 
short-circuits [12]. The effects of flow rate ratios on loss reduction of T-junction pipe have been 
investigated, which the results show the momentous dependence of the separation and vortex on 
the total flow resistance [13]. Analytical and numerical analyses in prior work suggest that the 
complex flow field near Y-junction require careful consideration in terms the morphology. For 
instance, Raschi et al., [14] performed CFD simulations to study reactor fluidization hydrodynamics 
and paid attention to the influence of the geometrical conformation on the flow profiles. These 
findings highlight the role of geometry on flow characterization and the necessity to simulate 
accurately the fluid dynamics in junction geometries. Another example of CFD being used to model 
complex flow behaviour is the study by Decaix et al., [12]. In this work, CFD simulations of hydraulic 
short-circuit phenomena at junctions were able to provide explanations for what were previously 
deemed anomalous findings [15]. Such methods could be used to help guide design guidelines of Y-
junctions to avoid the problem of imbalance flow distribution.  

In order to process the effect of the fluid flow on the system performance, advanced 
computational methods are required to be performed. For example, Miyazaki et al., [16] proved the 
applicability of CFD in medicine, presenting the method's cross-disciplinarity to characterize 
turbulent flows. Compared to this, study of flow through Y-junction pipes has been reported in 
various research of CFD since it can visualize the flow behaviour such as flow pattern, mixing zone 
and pressure lose. Based on Miyazaki at al., [16], simulations with CFD show the existence of the 
vortexes in the Y-junction and their effect on the efficiency of the system. In addition, the work of 
Hardy et al., [17] showed that the geometry of the bifurcation, in terms of angle between branches, 
affected velocity and pressure distributions. Zhang et al., [18] determined that the k-ε model gives 
good predictions for complex branched pipe flows. In addition, the work of Yin et al., [19] was used 
as a comparison for CFD results in three-dimensional flows in Y-pipes. Finally, Boz et al., [20] 
demonstrated that a refined mesh in the junction also raises CFD accuracy by providing a better 
resolution of the recirculation zone. 

In the present work, CFD is used to examine the influence of different pipe diameters and flow 
rates on the internal flow field of a straight pipe. Three different pipe diameters 0.1 m, and 0.2 m 
are considered for three flow velocities 0.297 m/s, 0.397 m/s and 0.497 m/s. A straight pipe geometry 
is chosen to study the impact of flow parameters in a controlled manner, without any additional 
complex changes in geometry such as bends or shapes. In this simulation, three essentials turbulent 
internal flow properties including velocity distribution, static pressure and turbulence kinetic energy 
are simulated and analysed. Velocity profiles are indicative of how uniformly the fluid flows in the 
pipe, pressure distributions contribute to the identification of possible losses and gains in energy, 
and turbulence kinetic energy gives information on the level of turbulence, as well as on energy 
content fluctuation in the flow. By reviewing these factors for all diameter-velocity pairs, a thorough 
understanding can also be sought as to how geometric and operational considerations impinge on 
internal turbulent flow. The results of this study can provide valuable references for the optimal 
design of the pipeline and predicting the flow performance of engineering systems. 
 
2. Methodology  
2.1 Geometry Construction 
 

In this study, two computational models representing straight pipe sections were developed to 
analyse internal flow dynamics using CFD as shown in Figure 1. The first model (diameter 1) had a 
length of 1.0 m and a diameter of 0.1 m, while the second model (diameter 2) also had a length of 
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1.0 m but with a larger diameter of 0.2 m. These geometries were designed using ANSYS Design 
Modeler to ensure accurate representation of the pipe flow domain. The aim was to observe how 
variations in pipe diameter influence velocity, pressure, and turbulence characteristics under 
identical inlet conditions. The geometry was kept simple, with no branching or bends, to isolate the 
effects of diameter alone. 
 

  
(a) (b) 

Fig. 1. Geometry model of the Y-pipeline (a) Diameter 0.1 m (b) Diameter 0.2 m 

 
2.2 Mesh Generation and Grid Independent Test 
 

The meshing process was carried out using ANSYS Meshing, employing a structured tetrahedral 
mesh with inflation layers applied near the wall surfaces to capture boundary layer effects more 
accurately. To ensure mesh independence, three different element sizes were tested: 0.02 m (Mesh 
1), 0.019 m (Mesh 2), and 0.018 m (Mesh 3). Simulation results, including velocity and pressure 
distribution, were compared across these three mesh cases. The comparison showed that the results 
between Mesh 2 and Mesh 3 were nearly identical, indicating that further mesh refinement beyond 
0.019 m did not yield significant accuracy improvements. Hence, Mesh 2 was selected for all final 
simulations as it provided a good balance between accuracy and computational efficiency. This is all 
summarised in Table 1. 
 

Table 1 
Grid independence test (GIT) 
Diameter (m) Element size (m) 

0.01 0.02 
 0.019 
 0.018 
0.02 0.02 
 0.019 
 0.018 

 
2.3 Boundary Condition and Flow Parameter 
 

The simulations were conducted under turbulent flow conditions for water at room temperature. 
At the inlet, three different uniform velocity values were applied: 0.297 m/s, 0.397 m/s, and 0.497 
m/s. These inlet velocities were tested for both pipe diameter models to assess the combined impact 
of velocity and diameter on internal flow behaviour. The outlets were set as pressure outlets with 
zero-gauge pressure, while the pipe walls were defined as no-slip boundaries. The working fluid was 
assumed incompressible with constant density and viscosity. The standard k-ε turbulence model was 
selected due to its reliability and widespread application in internal pipe flow simulations. This is all 
summarised in Table 2 and Table 3. 
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Table 2 
Boundary condition of straight line 
Boundary Type Location Condition type Value 

Inlet Pipe entrance Velocity inlet 0.297 m/s, 
0.397 m/s, 
0.497 m/s 

Outlet Pipe exit Pressure outlet 0 Pa (gauge pressure) 
Wall Pipe inner wall No-slip wall Velocity = 0 m/s at the surface 

 
Table 3 
Flow parameters 
Diameter (m) Velocity 1 (ms−1) Velocity 2 (ms−1) Velocity 3 (ms−1) Outlet Turbulence 

intensity 
Turbulence 
model 

0.1 0.297 0.397 0.497 0 5% 𝑘 − 𝜔 
0.2 0.297 0.397 0.497 0 5% 𝑘 − 𝜔 

 
2.4 Post-Processing and Flow Analysis Parameters 
 

Post-processing was carried out using ANSYS Fluent to analyse the internal flow characteristics. 
Key parameters extracted included velocity magnitude, turbulence kinetic energy (TKE), and 
pressure. Contour plots, vector flow diagrams, and line graphs were generated to visualize the flow 
development and identify changes in flow behaviour due to variations in diameter and inlet velocity. 
Additionally, cross-sectional profiles were used to examine the uniformity of flow and detect any 
signs of secondary motion or recirculation zones. 
 
3. Results  
3.1 Grid Independence Test (GIT) 
 

The meshing process was carried out using ANSYS Meshing, employing a structured tetrahedral 
mesh with inflation layers applied near the wall surfaces to capture boundary layer effects more 
accurately. To ensure mesh independence, three different element sizes were tested: 0.02 m (Mesh 
1), 0.019 m (Mesh 2), and 0.018m (Mesh 3). Simulation results, including velocity and pressure 
distribution, were compared across these three mesh cases. The comparison showed that the results 
between Mesh 2 and Mesh 3 were nearly identical, indicating that further mesh refinement beyond 
0.019 m did not yield significant accuracy improvements as shown in Table 4. Hence, Mesh 2 was 
selected for all final simulations as it provided a good balance between accuracy and computational 
efficiency. 
 

Table 4  
Value of element sizing 
Diameter (m) Element size (m) Nodes 

 0.02 22504 
0.01 0.019 26629 
 0.018 31074 
 0.02 81928 
0.02 0.019 95089 
 0.018 111102 

 
In the current study, it is chosen to consider two different pipe diameters 0.1 m and 0.2 m. In 

each case, three different mesh densities are defined by changing the value of element sizing which, 



Semarak Journal of Thermal-Fluid Engineering 

Volume 6, Issue 1 (2025) 42-56 

47 
 

in essence, defines how fine or how coarse the mesh can be as shown in Table 4. For the 0.1 m 
diameter pipe, the largest essentially, the coarsest mesh with the element sizing 0.02m, results in 
22,504 elements. When the sizing decrease to 0.019m and 0.018m, the number of elements grows 
to 26,629 and 31,074, respectively. Such growth occurs because the existence of more elements 
allows simulation to more fully grasp the changes that take place during the flow, especially near the 
walls and near the intersections when most changes take place.  

For the 0.2 m diameter pipe, the trends are similar but occur on a larger scale. Thus, at the largest 
element size of 0.02m, there are 81,928 elements, and at the smallest of 0.018m, there are 111,102-
element mesh. More elements are needed because the greater size of a pipe means more volume 
and more outer surfaces that need to be covered, which requires more elements to make the mesh 
similar in detail. Figure 2 is provided to compare the visual image of the Y-junction pipe under 
different mesh densities. Fibrous reduction in the element size makes the mesh more detailed to 
ensure the higher level of the CFD simulation accuracy. Nonetheless, this directly increases the 
computational requirement because more elements equal more calculations for the computer. The 
CFD choice to lower the element size should always balance between higher quality and effort a 
crucial balance in any CFD study. 
 

 
 

 
 

(a)  (b)  

 
(c)  

Fig. 2. Meshing element size (a) 0.02 m (b) 0.019 m (c) 0.018 m 

 
3.2 Graph for Key Parameters  
3.2.1 Fluid velocity 
 

For the 0.1 m diameter pipe, you are starting just above 0.5 m/s at the inlet, as shown in Figure 
3. As the fluid proceeds down the pipe, the velocity ramps up rapidly in the first 0.2 m. Beyond that 
initial climb, the rise levels off and the velocity approaches a constant value, about 0.66 m per 
second, at the far end of the pipe. This pattern indicates the fluid initially accelerates rapidly and then 
enters a steady flow as it moves downstream. Similarly, the 0.2 m pipe shows the same trend, with 
a few distinctions. The initial speed is also slightly higher, just above 0.5 m/s, but the rate of 
acceleration is a bit less dramatic. The fluid stops accelerating after a while and stabilizes at about 
0.62 m/s. It is an indication that faster stabilization is attained for the wider pipe however, the 
maximum velocity is a bit smaller compared to the narrower pipe. 

In general, these findings demonstrate the impact of the pipe diameter on the fluid velocity 
evolution. In either case the flow becomes more stable and uniform further downstream of the 
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entrance, but the narrower pipe permits a higher flow speed at the end and the wider pipe stabilizes 
the flow sooner. 
 

  
(a) (b) 

Fig. 3. Fluid velocity graph (a) Diameter 0.01 m (b) Diameter 0.02 m  

 
3.2.2 Turbulent kinetic energy 
 

For the narrower tube (0.1 m in diameter) the value of the turbulent kinetic energy at the first-
time step is quite high, ranging between 0.00035 m²/s² to 0.0004 m²/s² near the pipe inlet, as shown 
in Figure 4. In the early region, the curves of the two numbers for the three different simulations or 
measurement series exhibit small fluctuations which means the turbulence has not yet adapted to 
the geometry of the pipe. Turbulent energy also starts decreasing after the first 0.1 m to 0.2 m down 
the pipe. At around the meter scale, the turbulence has decayed significantly, dropping to values of 
around 0.0001 m²/s². This means that the chaotic motion of the fluid is relaxing toward calm as it 
moves away from the entrance, arriving at a more ordered state. 

In the larger 0.2 m diameter pipe, we observe a comparable pattern, although with some slight 
differences. The initial turbulent kinetic energy is only a bit smaller, slightly below 0.0002 m²/s². On 
the narrower pipe, there are also some ripples further back in the chart but not pronounced. With 
the advancing flow the decay of turbulence is less abrupt and complete as it is evident by the 
convergence of all three curves as flow evolves. The energy of this turbulence has again mostly 
dissipated and by the time the fluid has travelled to the other end of the pipe the turbulent energy 
is almost as low as that of the smaller pipe. 

In general, the graph shows that turbulence is maximized at the spot where the fluid enters the 
pipe, especially in the narrower pipe where energy and the chaos are heightened. As the liquid 
moves further through the tube, the turbulence naturally diminishes, and the flow seems calmer 
and more regular. The larger pipe appears to make the fluid quiet down more rapidly with initially 
less violent and a smoother progression to steady flow. 
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(a)  (b)  

Fig. 4. Graph for turbulence kinetic energy (a) Diameter 0.01 m (b) Diameter 0.02 m 

 
3.2.3 Pressure 
 

Looking at the pipe with a 0.1 m diameter at the first chart a, the pressure is already quite high 
just above 80 Pa right at the entrance. However, almost immediately it experiences a sharp and steep 
decline within the first 0.2 m of the pipe. This suggests significant resistance and energy loss as the 
fluid enters and starts to flow through the narrower space. While afterward, it continues to decline, 
it does so much milder and gentler as the fluid moves further downstream. By the time it reaches the 
end of the 1.6 m pipe, the pressure is nearly zero. It is likely that most of the pressure loss occurs 
right at the beginning, followed by stabilization as the flow continues. When it comes to the one with 
a 0.2 m diameter, it tells a similar but slightly different story. 

Here, the pressure at the entrance is lower to begin with just above 65 Pa. It starts to decline 
steeply at the same first 0.2m mark but is not as sharp as in the narrower pipe. After that initial steep 
decline, it continues for a much longer length steadily, also approaching zero by the end of the pipe. 
It is clear from Figure 5(a) and Figure 5(b) that the narrower pipe 0.1 m starts with a higher pressure 
at the entrance and loses it much quicker while the wider pipe 0.2 m starts with a lower pressure and 
experiences a less sharp drop. In both cases, most of the pressure loss is concentrated right at the 
beginning then it went by a slow, steady decline. 

As water forced through two inlets with different diameter, the narrow diameter makes it difficult 
to go through initially, so the pressure drops rapidly as soon as it starts to flow in. The wider one is 
less restrictive, so while the pressure drop is still significant, it is not nearly as sharp. In both cases, 
however, once it starts flowing it flows smoothly, and pressure continues to drop slowly, steadily, 
until the fluid exits. These results once again demonstrate how pipe diameter affects pressure loss in 
internal flows: the narrower the pipe, the higher initial pressure and sharper drop with low 
downstream; and the wider it, the equation is the opposite due to a lack of restriction. This is 
extremely important when it comes to planning piping systems since they must be designed to 
accommodate high-pressure systems. 
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(a)  (b)  

Fig. 5. Graph for pressure (a) Diameter 0.01 m. (b) Diameter 0.02 m 

 
3.3 Contour Distribution  
3.3.1 Fluid velocity  
 

In Figure 6(a), the velocity distribution for a single configuration is shown. The main offtake is 
nicely progressive from blue to green to yellow, presumably indicating that as the liquid enters, it 
does so more slowly, then accelerates as it continues downstream. This colour changes at the branch 
reflects a change in velocity redistribution. One of the fluid streams slows as it moves into the 
branches, while the main leg still carries the fastest flow, represented by the red streak. A similar 
pattern is seen for Figure 6(b) but with some slight differences (likely due to increased diameter or 
changes in flow conditions). The velocity in the main pipe continues to be high but the branches are 
working more with longer regions of green and yellow. This implies that, for a bigger diameter, the 
fluid can go at much higher speed when it is being divided, therefore the energy loses at the junction 
are lower. 

In Figure 6(c), the main pipe is mostly red, which shows that the fluid is moving fastest along the 
centre line. Some of that energy is depleted as the flow approaches the Y-junction, and the fluid 
decelerates in the branches a tendency represented by the shift to green and blue. Such a pattern is 
common at junctions (local divergence), changing flow into a positive extra kinetic energy source 
and velocity reduction. The velocity contours visually show how the profile of the pipe and the 
junction affect the flow pattern. Max velocities are carried in the primary leg of the pipe, particularly 
the smaller pipe, while the secondary pipes slow down as the flow divides and changes direction. 
This becomes essential for the engineers so that they can be aware of where in the pipeline they 
could potentially face a problem such as erosion, pressure drop, flow separation and optimize the 
design of pipes that can efficiently transport the fluid. 

In Figure 7(a), one can observe that the incoming flow into the main pipe flows towards the 
junction. Velocity is moderate, mostly in the green and yellow area, demonstrating a consistent but 
not a very fast flow. The fluid slows down as it churns round the split, particularly amongst the 
branches, where it is a lovely blue and green. This means that the flow is losing energy as it 
bifurcates, and the branches are taking the fluid away at a more leisurely speed. Meanwhile, in Figure 
7(b), the main pipe also shows wider yellow and even some orange above it, signifying a faster fluid 
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velocity than in Figure 7(a). The velocity is still higher when the flow arrives and passes through the 
junction, and the branches look more green and yellow. In other words, in the case of some fronds, 
the fluid holds onto more of its speed as it splits, and the branches can transport a faster flow. 

Finally, in Figure 7(c), the main pipe is mostly bright red and orange over the main pipe and 
showing that the fluid is in the maximum speed. When passing through the branches, the fluid is still 
fast, shown by the yellow and green area. Flow here is unsolved for the most part, giving it plenty of 
energy and force as it splits at the fork. The simulation in general demonstrate how different flow 
rate regime or PDMS simulation conditions can influence the distribution of velocities in the Y-
junction. When the fluid moves faster through the main pipe, the speed of the fluid in the branches 
after the split increases. This information is important for engineers and designers, who can use it to 
estimate how different operating conditions will affect the performance and efficiency of pipe 
systems, particularly in complex geometries such as T-junctions where the flow can have 
unpredictable behaviour. 
 

 

   

(a) (b) (c) 

Fig. 6. Velocity distribution for Y Junction pipe of diameter 0.1 m (a) Inlet velocity = 0.297 m/s (b) Inlet 
velocity = 0.397 m/s (c) Inlet velocity = 0.497 m/s 

 

 

   

(a) (b) (c) 

Fig. 7. Velocity distribution for Y Junction pipe of diameter 0.2 m (a) Inlet velocity = 0.297 m/s (b) Inlet 
velocity = 0.397 m/s (c) Inlet velocity = 0.497 m/s 

 
3.3.2 Turbulent Kinetic Energy 
 

If we look back at these three images in Figure 8, we can see that each one tells a part of the full 
story regarding how turbulence presents itself as a fluid flow through a Y-junction pipe of 0.1 m in 
diameter. The colours on each pipe, from deep blue to bright red, reflect the intensity of the turbulent 
kinetic energy, with blue representing the calmer regions and red showing the most energetic areas 
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of turbulence. First, in Figure 8(a), we see that most of the pipe is characterized by dark blue, meaning 
that the turbulent kinetic energy is quite low for most of this system. We can see a thin line of a 
lighter tone of colour around the pipe wall and branches, which indicates that there’s a small region 
where there might be turbulence as well, however, it’s hugging the wall and is incredibly weak. 

In Figure 8(b), we see a similar case except that the thin line around the pipe wall is a little bit 
more pronounced, and it continues further down the line inside the pipe than before. This thinner 
line changes its colour slightly towards green and yellow, indicating that the turbulent kinetic energy 
is slightly higher than in Figure 8(a). This implies that under these conditions, this system is slightly 
more agitated, especially where the flow is affected by the pipe-wall interaction. 

Finally, in Figure 8(c), the thin line near the pipe wall is developed and clearer, extending all the 
way both from the main inlet, through the junction, and into the branches. The line is much brighter 
around this image, as it gets to move towards yellow and even light orange shades. This indicates 
that the turbulent kinetic energy is higher, meaning that the fluid is under more chaotic, energetic 
flow conditions, especially where the flow is splitting in the Y-junction. In all three figures, the core 
of the pipe remains dark blue, indicating that the flow is relatively calm but turbulent areas are 
present near the walls. This is typically the case with pipe flows since the walls generate the most 
turbulence due to the interaction and Y-junctions because the flow is encountering significant 
changes in direction. 
 

 

   

(a) (b) (c) 

Fig. 8. Turbulence kinetic energy distribution for Y Junction pipe of diameter 0.1 m (a) Inlet velocity = 0.297 
m/s (b) Inlet velocity = 0.397 m/s (c) Inlet velocity = 0.497 m/s 

 
In Figure 9(a), the setting depicts the beginning of the story as relatively undisturbed. Dark blue, 

corresponding to the smallest values of TKE on the colour scale, dominates the entire pipe. There is 
only an extremely thin pale line of slightly lighter blue tracking along the walls of the pipe, which 
indicates a certain degree of turbulence close the boundaries where the fluid slides past the 
circumference of the pipe. The central flow is calm; undisturbed. Continuing from Figure 9(a), we 
can observe small changes that bring us to image Figure 9(b). The thin boundary layer of turbulent 
flow along the pipe wall becomes more pronounced and coherent, extending over a longer part of 
the main pipe, and in fact into the branch pipes. The colour changes slightly toward green in some 
spots, indicating a mild overrun in turbulent kinetic energy. This implies that under these conditions, 
the fluid is slightly more active near the sidewalls, at the branching region of the Y-junction. 

In Figure 9(c) the turbulence narrative climaxes. The wall-bounded turbulence streak now 
appears more prominent and stretches the length of the main pipe and both branches. The colours 
right along this boundary are brighter towards the green and even yellow, indicating that the 
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turbulent kinetic energy has gone up still further. This means that the fluid is moving around more 
energetically, especially at the junction and walls, while in the middle of the pipe is relatively calm. 
In all three instances, one thing becomes apparent: the turbulence is primarily forced to the walls of 
the pipe and at the junction, but the centre of the pipe stays calm. This behaviour is often observed 
in piped flows, where turbulence is generated by the wall of the pipe and abrupt changes in direction 
at junctions. 

In short, these results indicate that turbulence is low in the core but higher near the walls and 
particularly at the bifurcation in a Y-junction 0.2 m diameter pipe. This intensity of the turbulence 
increases from Figure 9(a) to Figure 9(c), it is likely that such a phenomenon is due to changes in 
inflow conditions, or inlet velocity. For engineers and designers, this information is vital since it shows 
where mixing, wear or energy losses are more likely to be, leading to better design and maintenance 
of piping systems. 
 

 

   

(a) (b) (c) 

Fig. 9. Turbulence kinetic energy distribution for Y Junction pipe of diameter 0.2 m (a) Inlet velocity = 0.297 
m/s (b) Inlet velocity = 0.397 m/s (c) Inlet velocity = 0.497 m/s 

 
3.3.3 Pressure distribution 
 

The solution is presented in Figure 10 and shows the pressure distribution in a Y-shape pipe 
system with branch and main pipe diameters equal to 0.1 m. The pressure fluctuation is colour 
coded, in the colormap, the red stands for pressure as high as 519 Pa, while blue as low as -279 Pa. 
In each of the figure, the highest pressure occurs at the bifurcation (the point where the pipe stems 
into two branches). This area is always depicted in red/oranges, which implies high-pressure 
accumulation at the bifurcation. As the flow from these points diverges between the branches, 
pressure diminishes incrementally. This is mapped from red and orange at the intersection, to green 
and yellow, and finally to blue at the termini of the conduits, where the pressure is at its lowest. 

Each subsection corresponds to a different choice or perspective, yet the general trend persists. 
This can be observed in Figure 10(a) where pressure distribution is smoother from high to low 
pressure values. In Figure 10(b), the region of high pressure covers a greater part of the branches, 
indicating a case with higher input pressure or under different flow conditions. Figure 10(c) presents 
a pattern like Figure 10(b), but the high-pressure region is not as far-reaching as in Figure 10(b), 
perhaps because of a different boundary condition or flow rate. Overall, such findings directly show 
where the pressure flows in the configuration of branching pipe system. The greatest pressures are 
at the bifurcation at which the flow separates, and the pressure diminishes as the fluid flows along 
the branches. This behaviour is to be expected for such systems, and it is of particular networking-
interest to know where reinforcements in the network should be made and how the fluid will act as 
it moves through the network. 
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(a) (b) (c) 

Fig. 10. Pressure distribution for Y Junction pipe of diameter 0.1 m (a) Inlet velocity = 0.297 m/s (b) Inlet 
velocity = 0.397 m/s (c) Inlet velocity = 0.497 m/s 

 
In Figure 11(a), the high-pressure region is fairly localized at the junction and with moderate 

smooth drop of pressure on waves propagating along the branches. Figure 11(b) provides a larger 
area of high pressure which is suggestive of a case of a higher inlet pressure or a change in the flow 
regime. Figure 11(c) also shows that there is a large high-pressure region at the junction with pressure 
gradient reaching up further down the main pipe and branches in comparison to Figure 11(a). In 
general, the results demonstrate the greatest pressure is developed at the bifurcation, followed by a 
decay and redistribution in the network pipeline. It is a common pattern in branching pipe system 
and is useful in describing where structural support may be necessary and the behaviour of the fluid 
flow through the system. Colour contours improve the visualization of such pressure variations and 
help in the evaluation and design of these piping networks. 
 

 

   

(a) (b) (c) 

Fig. 11. Pressure distribution for Y Junction pipe of diameter 0.2 m (a) Inlet velocity = 0.297 m/s (b) Inlet 
velocity = 0.397 m/s (c) Inlet velocity = 0.497 m/s 

 
5. Conclusions 
 

Based on the CFD simulation of the Y-shaped pipeline with two different diameters (0.1 m and 
0.2 m), it can be concluded that the pipe diameter has a significant effect on the fluid flow 
characteristics, namely velocity, turbulence kinetic energy, and pressure distribution. For velocity, 
the results show that smaller diameter pipes (0.1 m) generate higher flow speeds, especially around 
the junction and outlet. This is due to the reduced cross-sectional area, which forces the fluid to 
accelerate. In contrast, the 0.2 m pipe allows for a slower and more uniform velocity profile due to 
the larger flow area, reducing the overall velocity magnitude. In terms of turbulence, the 0.1 m 
diameter pipe exhibited higher turbulence kinetic energy, particularly at the Y-junction, indicating 
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more chaotic and unstable flow behaviours. This is a result of sharper flow redirection in the narrower 
pipe. The 0.2 m pipe, on the other hand, demonstrated lower turbulence levels, reflecting more 
stable and smoother fluid motion throughout the pipeline. 

Pressure analysis revealed that pressure drops are more significant in the 0.1 m pipe, where a 
sharp decrease in pressure occurs along the flow direction due to higher velocity and turbulence. 
Meanwhile, the 0.2m pipe experienced a more gradual and consistent pressure drop, maintaining 
more stable pressure throughout the pipeline. Finally, increasing the pipeline diameter results in a 
reduction of flow velocity and turbulence, as well as a more stable pressure distribution. Therefore, 
for applications requiring stable flow with minimal energy loss and turbulence, a larger diameter Y-
pipeline is preferable. However, if higher velocity is desired for specific fluid dynamics, a smaller 
diameter may be more suitable though with the trade-off of increased turbulence and pressure drop. 
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