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the computational fluid dynamics approach. A two-inlet T-junction was modelled using
ANSYS. Steady-state turbulent flow was simulated using the RANS k-w SST model for
three outlet diameters, namely 20 mm, 15 mm, and 10 mm. A Grid Independence Test
was carried out to ensure the accuracy of the meshes. Smaller outlet diameters
increase the downstream velocity and turbulence intensity, which strengthens the
shear layers and enhances mixing. Consequently, these conditions also result in higher
pressure losses near the junction. The strongest mixing was obtained with the 10 mm

Keywords: outlet. However, this configuration also produced the greatest pressure drop.
Flow; T-junction; steady-state turbulent;  Therefore, the outlet diameter is a critical parameter that governs both the mixing
computational fluid dynamic effectiveness and the overall hydraulic performance of T-junction flows.

1. Introduction

Flow mixing inside piping systems is a critical process in many engineering applications such as
chemical reactors, HVAC systems, water distribution networks, and industrial fluid transport. The
interaction of multiple fluid streams within confined geometries produces complex flow patterns,
including shear layers, recirculation zones, and turbulence structures. Turbulent mixing in a T-
junction system is like a jet in crossflow, which has received widespread attention because of its
importance in engineering applications involving shear layers, recirculation zones, and turbulence
structures [1-3]. Computational Fluid Dynamics (CFD) provides a powerful method to analyze these
flow behaviours in detail, enabling engineers to predict mixing performance and optimize pipe
designs without extensive experimentation. T-junction pipe systems typically generate strong shear
layers, flow separation, recirculation regions, and turbulence due to abrupt changes in flow direction,
all of which significantly influence mixing behaviour [4]. Although CFD is cost-effective for industrial
use, complex flow structures remain challenging to model accurately and require expert knowledge
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for proper setup, validation, and interpretation [5]. Understanding such complex and highly turbulent
flow behaviour is crucial for optimizing system performance and preventing failures [6].

Flow mixing inside internal pipe systems is widely applied in industrial operations such as
chemical blending, water distribution, and HVAC systems. In a two-inlet pipe configuration, the
mixing effectiveness depends strongly on the geometry of the outlet pipe. Variations in outlet
diameter influence downstream velocity, turbulence intensity, pressure drop, and the rate at which
the two inlet streams merge. The sudden directional change at the junction also leads to additional
pressure losses and flow separation, resulting in a non-uniform velocity profile in the downstream
pipe [7]. However, the relationship between outlet diameter and mixing behaviour is not
straightforward. Previous studies highlight that geometric configuration strongly influences the flow
structure in T-junctions, indicating a need for further investigation on the role of outlet diameter [8].
Experimental studies are also costly, time-consuming, and often limited to specific flow conditions.
Therefore, there is a strong need to analyze how different outlet diameters affect mixing
characteristics using Computational Fluid Dynamics (CFD), which provides detailed insights into the
flow structures within T-junctions [9].

The main objective of this study is to use CFD to investigate the mixing behaviour of two fluid
streams merging into a single outlet pipe with different outlet diameters. The specific aims are to
model and simulate a two-inlet pipe system using CFD tools, to analyze the effect of three outlet
diameters (20 mm, 15 mm, and 10 mm) on flow mixing behaviour, to evaluate the velocity
distribution, pressure drop, turbulence intensity, and mixing efficiency for each geometry, to conduct
a Grid Independence Test (GIT) to ensure numerical accuracy, and finally to compare the results to
determine which outlet diameter provides the best mixing performance and flow characteristics.

2. Methodology
2.1 Geometry Development

The geometry for this study consists of a T-junction pipe system designed using ANSYS
DesignModeler. The geometric configuration strongly influences the flow structure in T-junctions
[8,10,11] and two identical horizontal inlet pipes merge into a single vertical outlet pipe. The key
geometric specifications are shown in Table 1. Outlet length of 400 mm is kept constant to ensure
fully developed flow and consistent comparison. The geometry of T-junction pipe is shown in Figure
1.

Table 1

The value of geometry

Sample Outlet diameter (mm)  Outlet length (mm) Inlet length (mm)
1 20 400 100

2 15 400 100

3 10 400 100
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2.2 Discretization Techniques

2.2.1 Meshing generation

-— 20 mm

The mesh was generated in ANSYS Meshing using a tetrahedral grid. To perform a Grid
Independence Test (GIT), only the global element size was varied while keeping all other meshing
parameters constant and this will produce different number of nodes based on element size shown
in Table 2. Meshing generation and detail of meshing is shown in Figure 2. During meshing, named
selections were created for the inlets, outlet, and walls. These allow easy assighnment of boundary
conditions and help with post-processing and mesh management.

Table 2

The value of nodes for sample 1

Outlet diameter (mm) Outlet Length (mm) Inlet Length (mm)  Element size (mm) Nodes
20 400 100 6 4675
20 400 100 5 7134
20 400 100 4 12448
20 400 100 3 24759
Oetails of “‘Mesh - Q10Ox
[=| Display
Display Style [Use Geometry Setting
| Defaults
Physics Preference CFD
Solver Preference Fluent
P Element Size 6.0 mm
Export Format Standard
Export Preview Surface Mesh | No
Sizing
®| Quality
& Inflation
| Advanced

(@)
Fig. 2. (a) Meshing generation (b) Details of meshing

2.2.2 Grid independence test (GIT)

S|
P| Nodes

5656

"] Elements

25553

Show Detailed Statistics

No

(b)

The GIT was performed consistently with recent CFD studies emphasizing mesh effects in T-
junctions [2,12] on the 20 mm outlet geometry. To guarantee the accuracy of the calculation results,
this study also selected different grid divisions [13] and the goal was to determine the required mesh

resolution by observing how the pressure drop (AP) varies with mesh refinement.
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2.2.3 Governing equation

The fluid flow within the pipe system was modelled as steady, incompressible, and turbulent. The
momentum equations are sometimes also referred as Navier-Stokes (NS) equation and commonly
applied in recent RANS studies on mixing in pipe junctions [14]. They are most used mathematical
equations to describe flow [7]. The governing equations solved in the finite-volume framework are
[15,16]:

Continuity equation, % +pA4.V =0 (1)
Momentum equation, p% = % + V. (puV) (2)

2.2.4 Boundary conditions and simulation parameters

The simulation employed a velocity inlet boundary condition with an inlet diameter of 10 mm,
where water entered the domain at a uniform velocity of 2 m/s and a turbulence intensity of 5%. At
the outlet, a pressure outlet boundary condition was applied with a gauge pressure of 0 Pa, and three
outlet configurations were considered, each with diameters of 20 mm, 15 mm, and 10 mm. All walls
were treated as no-slip boundaries with smooth surfaces, assuming zero roughness. The working
fluid was water, modelled as an incompressible Newtonian fluid with a density of 998 kg/m3 and a
dynamic viscosity of 1.002x1073 Pa-s. The working fluid was water, modelled with a density of 998
kg/m3 and dynamic viscosity of 1.002x1073 Pa-s.

3. Results
3.1 Pressure Distribution

Table 3 shows the results of total pressure. The pressure distribution results show that reducing
the outlet diameter increases the overall pressure drop and concentrates the high-pressure region
near the T-junction. In the 20 mm outlet, the pressure field is more uniform with the lowest pressure
gradient, indicating minimal acceleration as the flow exits the junction. When the outlet is reduced
to 15 mm, a stronger pressure buildup forms upstream due to increased flow acceleration through
the narrower passage. The smallest diameter of 10 mm produces the highest upstream pressure and
the largest pressure drop, as the sharp contraction forces the fluid to accelerate rapidly, generating
a steep pressure gradient and stronger flow compression, consistent with previous T-junction studies
as shown in Figure 3 [3,17].

Table 3

The result of total pressure at inlet and outlet

Mesh element size  Mesh nodes Total pressure Total pressure Pressure drop Truncation
(mm) inlet (Pa) outlet (Pa) (AP) error (%)

6 4675 13784.21 8086.31 0.413 0.72

5 7134 13928.46 8070.96 0.421 1.20

4 12448 13722.89 8053.64 0.413 0.72

3 24759 13739.88 8030.12 0.416 0
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Pressure Distribution

1.389e+04

1.133e+04 ‘ -
8.780e+03

6.227e+03

3.674e+03 |

1.122+03
-1.431e+03 1 l
-3.984e+03

-6.537¢+03 v W A bt

- -9.089e+03 S
[Pa]

(a) (b) (c)
Fig. 3. Pressure distribution on T-junction pipe with outlet diameter of (a) 20 mm (b) 15 mm
(c) 10 mm

Pressure ‘

3.2 Velocity Distribution

The velocity distribution also varies significantly with outlet diameter, increasing as the outlet
becomes smaller. For the 20 mm outlet, the velocity remains moderate with a broad, uniform flow
profile downstream. At 15 mm, the flow accelerates more strongly and forms a narrower high-
velocity core region, indicating more intense shear and mixing. The 10 mm outlet produces the
highest velocity, as the flow is tightly constricted and rapidly accelerated through the reduced area,
forming a fast, jet-like stream that enhances turbulence and mixing effectiveness as shown in Figure
4 This behaviour aligns with reported findings that geometric contraction strengthens velocity
gradients and mixing intensity in T-junctions [18,20].
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Fig. 4. Velocity Distribution on T-Junction pipe with outlet diameter of (a) 20 mm (b) 15 mm (c)
10 mm

4. Conclusions

This study shows that outlet diameter plays a critical role in governing mixing performance within
a two-inlet T-junction. Comparing the three outlet diameters (20 mm, 15 mm, 10 mm) shows that
smaller outlets increase mixing but also raise pressure losses. The 20 mm outlet had the lowest
pressure drop and smoothest flow but weak mixing. Reducing the diameter to 15 mm increased
velocity and shear, improving mixing with moderate pressure loss. The 10 mm outlet caused the
highest pressure drop and velocity, generating the strongest turbulence and most vigorous mixing.
In summary, smaller outlets enhance mixing through higher velocity gradients and turbulence, while
larger outlets minimize energy loss. The 10 mm maximizes mixing, the 20 mm minimizes pressure
drop, and 15 mm balances both. These outcomes agree with recent findings showing that geometric
contraction strengthens turbulence production and accelerates mixing in junction flows [18], while
also increasing hydraulic losses [19]. The results further support observations that localized
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acceleration near reduced outlets improves fluid entrainment and mixing uniformity [20]. Overall,
the 10 mm outlet provides the strongest mixing performance, making it the most effective
configuration among the tested designs.
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