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to ensure efficient and reliable pipe system design, especially for small pipe sizes
commonly used in domestic applications. This study investigates the flow behaviour
inside equal T-junction pipes with diameters of 20 mm, 25 mm, and 32 mm using
Computational Fluid Dynamics CFD. Three-dimensional models of the T-junction
pipes were created and simulated using ANSYS Fluent. Water was selected as the
working fluid, and a uniform inlet velocity of 1 m/s was applied to all cases. Turbulent
flow conditions were considered using the standard k-epsilon turbulence model. A
grid independence test was conducted to select an appropriate mesh size and
ensure that the simulation results were not affected by the mesh resolution. Velocity
and pressure contours were analysed to observe flow distribution and pressure
variation at the junction region. The results show that pipe diameter strongly
influences flow behaviour. The 20 mm T-junction produced the highest flow velocity,
and the largest pressure drop due to the small diameter, which increases flow
resistance. Strong velocity gradients and flow separation were observed at the
junction. The 25 mm pipe showed smoother flow patterns with reduced velocity
variation and moderate pressure loss. The 32 mm T-junction provided the most
uniform flow distribution, and the lowest pressure drop, indicating improved flow

Keywords: stability and lower energy losses. In conclusion, larger pipe diameters result in
T-junction pipe; hydrodynamic behaviour; smoother flow, reduced pressure loss, and better hydrodynamic performance. The
CFD simulation; ANSYS Fluent; velocity findings of this study can help improve the design and selection of T-junction pipes
distribution; pressure drop for domestic and light industrial water distribution systems.

1. Introduction

Fluid flow through piping systems is fundamental to many engineering applications, such as water
supply, HVAC, chemical processing, and heating or cooling networks [1]. Among the common pipe
fittings, the T-junction plays a critical role in dividing or merging flow branches, but it also introduces
complex hydrodynamic phenomena. Because of the sudden change in flow direction and geometry,
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the flow in a T-junction is prone to separation, recirculation, and energy losses [2]. The flow inside a
T-junction pipe is highly complex due to sudden changes in direction that cause separation,
recirculation, turbulence, and pressure losses [3]. Although T-junctions are commonly used in
household water systems, especially in pipe sizes of 20 mm, 25 mm, and 32 mm, the hydrodynamic
behaviour in these small diameters is not well understood [4]. Most existing studies focus on larger
industrial pipes, leaving limited information on how domestic pipe sizes affect velocity distribution,
pressure drop, and flow uniformity.

Experimental investigation is difficult because the internal flow structure cannot be easily
measured, and repeating tests for different diameters is time-consuming. Therefore, a detailed CFD
study is needed to analyse how pipe size influences the internal flow behaviour of T-junctions, so that
household piping systems can be designed more efficiently [5]. Understanding flow distribution,
pressure variation, and recirculation zones inside T-junctions can help improve the design and
performance of piping systems. Numerical simulation provides detailed insight into these behaviours,
which is valuable for engineers and designers [6].

Computational Fluid Dynamics (CFD) is a powerful numerical technique used to simulate and
analyse the behaviour of fluid flows by solving governing equations, such as the Navier—Stokes
equations, through discretization methods like the Finite Volume Method (FVM) [7]. By breaking
down complex geometries into smaller computational cells, CFD allows detailed investigation of
internal flow characteristics, including velocity distribution, pressure variations, and turbulence
effects, which are often difficult or impossible to measure experimentally. Additionally, CFD
facilitates mesh independence studies to ensure the accuracy and reliability of numerical results, as
well as performance evaluation across different pipe sizes, flow rates, and boundary conditions [8].
This capability is particularly valuable in engineering design and optimization, where it enables
engineers to predict system behaviour, improve efficiency, and reduce physical prototyping costs.
Overall, CFD has become an essential tool for understanding and optimizing fluid systems in various
industrial, domestic, and research applications.

Turbulent flow in T-junctions is complex due to sudden changes in direction and flow separation,
which generate vortices, recirculation zones, and pressure losses. To accurately simulate such
behaviour, turbulence models like k-€ or k-w are commonly employed [9]. These models account for
eddy viscosity, turbulent kinetic energy, and its dissipation, enabling a detailed prediction of
turbulent structures within the junction. By capturing these phenomena, turbulence models provide
insight into energy losses, flow mixing, and potential regions of low or reversed flow, which are
critical for the design and optimization of piping systems in both industrial and domestic applications.

Previous CFD studies reported strong recirculation regions and asymmetric flow patterns inside
T-junctions. Numerical investigations also found that pressure drops become less dependent on
Reynolds number under certain split ratios, and vortices form inside the branch pipe [10]. This study
aims to investigate the hydrodynamic behaviour inside 20 mm, 25 mm, and 32 mm T-junction pipes
using ANSYS Fluent. The analysis focuses on velocity distribution and pressure drops. The goal is to
understand how pipe diameter affects flow characteristics.

2. Methodology
2.1 Design of T-Junction

The pipes diameters of 20 mm, 25 mm, and 32 mm were selected for this study because they
represent three common scales of water distribution systems, ranging from small residential fixtures
to larger domestic and light-industrial pipelines. The 20 mm pipe is typically used for sink and tap
connections, where higher flow velocity and greater sensitivity to pressure loss make it suitable for
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analysing small-diameter hydrodynamic effects [11]. The 25 mm pipe is widely applied as a standard
household main supply line, providing a medium-scale diameter that reflects typical residential flow
behaviour. Meanwhile, the 32 mm pipe is often used in small factories or higher demand building
systems, offering a larger diameter where velocity decreases and pressure losses become lower for
the same flowrate [12]. By comparing these three diameters within a T-junction, the study can
observe how changes in pipe size influence velocity distribution, pressure drop patterns, and flow
separation characteristics under different hydraulic conditions.

Figure 1 show the Design of UPVC T-junction under 3 dimensions and 2 dimensions. This image is
sourced from BINA Plastic Industry Sdn Bhd and depicts a UPVC which Is Unplasticized Polyv4inyl
Chloride T-junction pipe. UPVC pipes are widely used in plumbing and industrial applications due to
their high strength, chemical resistance, and durability. The dimension of the equal tee of size 20,25

and 32mm are state in the Table 1.

[ ]

(a) (b)
Fig. 1. Design (a) 3D design of UPVD T-junction (b) 2D design of
UPVC T-junction [13]

Table 1

Detail dimension of equal tee [13]

Size (mm) D L1 L2 L3
20 26.7 84.7 33.6 26.3
25 33.5 102.6 40.5 26.8
26.332 42.2 114.6 50.3 27.1

Figure 2 shows the detailed design using Design Modeler in Ansys Fluent. The Length of the pipe
is longer than the standard dimension state in Bina Plastic Sdn Bhd. This is because studying
minimizes entrance and exit effects on the simulation results.

Fig. 2. The geometry of T-junction using
Design Modeler
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2.2 Discretization

The computational domain of the T-junction pipe was discretized to allow accurate numerical
simulation of the flow while maintaining computational efficiency. A structured approach was
adopted to generate a high-quality mesh that could capture the complex flow features around the
junction. The discretization process ensures that the numerical solution closely represents the actual
fluid behaviour inside the pipe [14].

2.2.1 Generate mesh

The mesh generation was performed using the tetrahedron method, which is well-suited for
capturing the curved surfaces of the pipe and the geometry of the T-junction. Body sizing techniques
were applied to control the element size throughout the computational domain. Figure 3 shows the
mesh of fluid domain. Regions where strong gradients were expected such as near the junction,
branch, and pipe walls were assigned finer elements to enhance solution accuracy [15].

Fig. 3. Mesh of fluid domain of 20mm T-junction pipe
2.3 Governing Equation

In Computational Fluid Dynamics, the governing equations are derived from conservation laws.
The three fundamental ones are:

i.  Continuity equation (conservation of mass)
ii.  Momentum equation (conservation of momentum (Navier-Stokes))
iii.  Energy equation (conservation of energy (first law of thermodynamics))

2.3.1 Continuity equation (mass conservation)

Eqg. (1) embodies the principle that mass is conserved in a fluid flow: the rate of change of density
in a small control volume plus the net mass flux out of that volume must be zero. In practical terms,
it means that fluid cannot spontaneously appear or disappear what flows in must either accumulate
or flow out. In CFD, the continuity equation ensures that the discretized flow field respects this

fundamental physical constraint, preventing artificial sources or sinks of mass that would otherwise
distort the solution as state in [16,17].

9
a_¢+ V- (pu) (1)

where p= fluid density, u= velocity vector t= time
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2.3.2 Momentum equation (Navier—Stokes)

Eqg. 2 represents conservation of momentum, applying Newton’s second law to a fluid element.
It states that the change in momentum which is left-hand side arises from forces acting on the fluid:
pressure gradients push the fluid, viscous stresses resist motion, and body forces like gravity add or
remove momentum. In CFD, this equation is central because it governs how velocity fields evolve in
response to forces it captures how pressure and friction such as viscosity shape the flow’s behaviour,
including acceleration, deceleration, and shear.

p<z—€+|7-(pu))=—l7p+l7><‘r+pb (2)

where p= pressure, T= viscous stress tensor, b= body force per unit mass
2.4 Boundary Condition

The boundary conditions for this simulation were defined to accurately represent the
hydrodynamic behaviour inside the T-junction pipe. Water was selected as the working fluid due to
its common application in piping systems, and the inlet velocity was set to 1 m/s [18] to establish a
steady and measurable flow entering the domain. Turbulence effects were resolved using the k-¢
turbulence model, which is widely used for internal flows because of its stability and reliability in
predicting turbulent kinetic energy and dissipation. At the outlet, a zero-gauge pressure condition
was applied to allow the fluid to exit freely without imposing additional pressure constraints. All pipe
walls were assigned a no-slip condition, ensuring that the fluid velocity at the wall surface is zero,
which reflects realistic viscous interactions. The solution was initialized using hybrid initialization to
generate a physically reasonable starting field, and the simulation was executed for 1000 iterations
to achieve convergence and stable flow predictions throughout the computational domain [19].

Pressure and velocity are important parameters in this study because they describe how the fluid
behaves when flowing through the T-junction pipe. Velocity helps to show how the flow changes
direction at the junction and how evenly the water is distributed between the main pipe and the
branch [20]. Areas of high or low velocity indicate flow acceleration, deceleration, and possible
recirculation, which can affect flow efficiency and cause energy losses. Pressure is important because
changes in pressure reflect resistance to flow and losses caused by the junction geometry. A high
pressure drop across the T-junction indicates larger energy losses and poorer hydraulic performance.
By analysing both velocity and pressure together, the relationship between flow distribution and
energy loss can be better understood. This comparison allows the effect of pipe diameter on flow
stability, pressure reduction, and overall hydrodynamic performance of the T-junction to be clearly
evaluated [21].

3. Result
3.1 Grid Independence Test

To verify that the simulation results were not affected by the mesh resolution, a grid
independence test was conducted. Several meshes with different numbers of nodes were generated,
and the pressure drop was recorded show in the Table 2. The truncation error was calculated using
Eqg. (3) for each mesh configuration shown in Table 2, and the mesh that provided the lowest error
while still maintaining reasonable computational efficiency was selected for the final simulations

21



Semarak Journal of Thermal-Fluid Engineering
Volume 7, Issue 1 (2025) 17-24

which is element size 1.7 is selected. This step ensures that the numerical results reflect the true
physical behaviour of the flow, rather than artifacts introduced by the discretization process.

|A%B| X 100 (3)

where A is The Pressure different for node 1 and B is pressure different for node 2

Table 2

Summary of grid independence test

Nodes Element size (mm) Pressure inlet (Pa) Pressure outlet Pressure different Error (%)
10580 3.0 104.47210 0 104.47210 18.172
52573 1.7 127.67248 0 127.67248 3.4870
91327 1.4 132.28521 0 132.28521 3.9493
185641 1.1 127.25933 0 127.25933 4.68849
244473 1.0 121.56000 0 121.56000 -

3.2 Velocity Contour of T-Junction Pipe

The velocity and pressure contours obtained from the CFD simulation provide a detailed visual
representation of the hydrodynamic behaviour inside the 20 mm, 25 mm, and 32 mm equal T-
junction pipes. These contour plotsillustrate how the fluid accelerates, decelerates, and redistributes
as it flows through the junction, allowing the identification of high-velocity regions, recirculation
zones, and areas of significant pressure variation. By comparing the three pipe diameters, the effect
of geometric scaling on flow uniformity and energy loss can be evaluated more clearly.

Figure 4 show the velocity contours for the 20 mm, 25 mm and 32 mm T-junction pipes show
clear differences in how the flow moves through the system. In Figure 4(a), the 20 mm pipe has the
highest velocity because the small pipe size forces the water to move faster when it enters the
junction. the flow from the main pipe speeds up and pushes strongly into the branch, creating a fast
central jet and a slower area along the branch walls. This causes a bigger difference between fast and
slow regions and more mixing near the junction. In Figure 4(b) at the 25 mm T junction the jet into
the branch is weaker and the slow region along the walls is smaller, so the flow turns more smoothly.
In Figure 4(c) at the 32 mm T junction the flow at the junction is the gentlest, with a wide, slower
flow into the branch and less sharp change in speed. Overall, the smaller the pipe the stronger and
narrower the jet at the T, and the larger the pipe the smoother and more even the flow through the
junction.

Velocity
Contour 1
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(a) (b) (c)
Fig. 4. Velocity contour (a) 20 mm (b) 25 mm (c) 32 mm T-junction pipe
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3.3 Pressure Contour of T-Junction Pipe

The corresponding pressure contours in 5 also show strong influence from pipe diameter. The
pressure contours for the 20 mm, 25 mm and 32 mm T-junction pipes show how the pressure changes
when the flow reaches the junction. In Figure 5(a), the 20 mm pipe shows higher pressure near the
inlet and at the T junction because the smaller pipe size increases resistance and causes pressure to
build up before the flow splits. In Figure 5(b), the 25 mm pipe has slightly lower pressure at the
junction compared to the 20 mm pipe, and the pressure drop into the branch is smoother, showing
that the larger size reduces flow resistance. In Figure 5(c), the 32 mm pipe has the lowest pressure
change at the junction, with a wider low-pressure region forming in the branch because the larger
pipe allows the flow to expand more easily. Overall, the pressure at the T section becomes lower and
more evenly distributed as the pipe size increases, showing that larger pipes reduce pressure losses
and create a smoother pressure transition through the junction.

Overall, the comparison across 20 mm, 25 mm, and 32 mm pipes clearly shows that increasing
pipe diameter reduces velocity gradients, moderates pressure drops and improves flow stability. This
trend highlights the important role of pipe size in controlling hydrodynamic behaviour within T-
junction configurations

Pressure
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(a) (b) (c)
Fig. 5. Pressure contour of T-junction pipe (a) 20mm (b) 25mm (c) 32mm

4. Conclusions

The CFD analysis of T-junction flow in 20 mm, 25 mm, and 32 mm pipes demonstrates that
increasing the diameter significantly improves hydrodynamic performance. The 20 mm tee
experienced steep velocity gradients, strong flow separation, and a large pressure drop, indicating
high energy loss. The 25 mm configuration showed moderated velocity distributions and more
gradual pressure variation, suggesting reduced turbulence and improved efficiency. The 32 mm tee
delivered the smoothest flow, with more uniform velocities and minimal pressure losses, highlighting
its superior flow stability. These results corroborate prior CFD studies of junctions which found that
larger diameters reduce recirculation regions, lower pressure losses, and promote better flow
uniformity. Optimizing junction geometry and diameter is therefore crucial in reducing hydraulic
losses in piping systems.
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