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Internal flow through sudden-contraction pipes is analysed using Computational Fluid
Dynamics (CFD) in this work, with a sole focus on five flow characteristics: velocity
contours, pressure contours, streamlines, velocity distributions, and pressure
distributions. Three pipe layouts with identical total lengths and constant outlet
diameters of 30 mm and intake diameters of 50, 60, and 70 mm were analysed.
Without adding further complications unrelated to these fundamental fluid-dynamic
phenomena, the goal of this work is to give a focused assessment of how input
diameter affects flow acceleration, pressure loss, and downstream recovery. The finite
volume approach was used to perform all simulations under steady, incompressible
flow conditions. Although temperature gradients were not enforced, the governing
equations included the continuity equation, momentum equation, and, for
completeness, the energy equation. A grid independence test made sure that mesh
refinement had no appreciable impact on numerical findings, and a uniform meshing
method and solver configuration were used for all geometries. For all configurations,
a zero-gauge outlet pressure, uniform inlet velocity, and no-slip wall conditions were
employed to ensure that performance variations came only from geometric variation
and not from boundary-condition effects. The findings demonstrate that narrower,
high-momentum jet areas are produced at the contraction by sharper velocity
gradients caused by smaller inlet diameters. Accordingly, the 70 mm inlet achieves the
smoothest transition and the lowest hydraulic loss, while the 50 mm inlet case shows
the biggest pressure drop because of the stronger flow acceleration. In contrast to the
more uniform and connected flow produced by the 70 mm inlet, streamlines exhibit
sharper curvature and tighter convergence in the smaller inlet instance, highlighting
these features. These variations are quantified by the velocity and pressure
distributions along the centrelines, demonstrating that jet strength, recovery duration,
and pressure stabilization are all directly impacted by contraction intensity. This
concentrated research shows that input diameter is a key factor in determining the
flow behaviour caused by contraction and maximizing hydraulic efficiency.

1. Introduction

In industrial pipes, heat exchangers, hydraulic equipment, and process engineering systems, flow
via abrupt contractions is a classic internal flow problem [1]. Jet formation, flow separation, and
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severe shear layers are directly linked to the rapid acceleration and pressure loss that occur when a
fluid passes through an abrupt fall in cross-sectional area [2]. These phenomena have a direct impact
on mechanical loading, noise production, and energy efficiency in piping components [3]. These
intricate flow patterns may now be thoroughly examined without depending just on experimental
testing because to recent developments in computational fluid dynamics (CFD) [4]. CFD is especially
useful for analysis contraction flows when steep gradients and localized effects predominate because
it allows for the high-resolution observation of velocity and pressure fields [5]. Previous
computational research has shown that downstream flow recovery and the shape of the vena
contracta are significantly impacted by the contraction ratio [6]. Furthermore, it has been
demonstrated that inlet geometry affects the degree of pressure loss and turbulence intensity
throughout abrupt area changes [7].

Subsequently, few prior investigations isolate the effect of inlet diameter alone under controlled
settings, whereas many concentrate on changing outlet diameter or contraction angle [8]. This
necessitates focused research that compares the impact of input diameter while maintaining the
same geometric and flow characteristics [9]. The optimization of compact piping systems and the
reduction of hydraulic losses in industrial applications depend on an understanding of these
interactions [10]. By examining flow through sudden-contraction pipes with inlet diameters of 50
mm, 60 mm, and 70 mm while keeping the outlet diameter and overall pipe length constant, the
current study fills this gap. Only five essential flow characteristics such as velocity contours, pressure
contours, streamline patterns, velocity distributions, and pressure distributions are examined
[11,12].

2. Methodology
2.1 Geometry Modelling

Three straight circular pipes connecting to a sudden contraction portion were represented by the
computational geometries that were created. Every model had a straight exit pipe, an abrupt
contraction, and a straight inlet area [13]. To isolate the impact of intake geometry on flow behaviour,
only the inlet diameter was altered (50 mm, 60 mm, and 70 mm) while the outlet diameter remained
constant at 30 mm in all cases [14]. In order to guarantee flow development both prior to and
following the contraction, enough upstream and downstream pipe lengths were incorporated [15].
Sharp-edged transitions, which are known to produce more jet effects and pressure losses than
gradual contractions, were used to represent the contraction [16]. Table 1 below showed the three
pipes sharing the same length and outlet diameter but with different inlet diameter.

Table 1

Dimension of three pipes with different inlet diameter

Pipe Length (mm) Inlet diameter (mm) Outlet diameter (mm)
1 300 50 30

2 300 60 30

3 300 70 30

2.2 Mesh Development

The fluid domain was discretized using a hybrid structured—unstructured mesh to ensure both
accuracy and computational efficiency. Fine grid spacing was imposed near the contraction plane
since the region experiences the steepest velocity gradients. In the upstream and downstream
straight sections, the mesh was gradually coarsened while maintaining adequate resolution near the
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walls to capture boundary layer behaviour. The near-wall treatment ensured y* values in the
recommended range for the turbulence model, aligning with guidelines from previous CFD literature
[17].

A mesh independence assessment was conducted for all three configurations (Figure 1). Each
pipe geometry was meshed at three different element sizes. For each level, key hydraulic metrics
such as centreline velocity profiles and contraction-plane pressure drop were compared. Table 2
below showed the mesh configuration of each pipe with element size and nodes. When successive
refinement produced changes below 2%, the mesh was accepted as sufficiently independent. This
process avoids numerical diffusion while ensuring results were not excessively dependent on grid
size [18-20].

(a) (b)
Fig. 1. Mesh of pipe (a) Fluid domain (b) Detailed ross-section

Table 2

Mesh configuration for each pipe geometry

Pipe Inlet diameter (mm) Element size Nodes

1 50 5.0 20,540
4.0 39,468
3.0 90,793

2 60 5.0 26,973
4.0 51,429
3.0 119,366

3 70 5.0 34,253
4.0 65,771
3.0 152,692

2.3 Governing Equations and Turbulence Modelling

All simulations solved the incompressible Navier—Stokes equations in their conservative form.
The continuity Eq. (1) enforces mass conservation:

V-u=0 (1)

and the momentum Eg. (2) accounts for convective transport, pressure gradients, and viscous
stresses:

p(u-V)u=—Vp+ uViu (2)
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Due to the presence of strong shear layers and turbulent mixing in the contraction zone, the standard
k—e turbulence model was selected. Although more advanced models exist, k—¢ is widely validated
for internal flows and offers stable performance with moderate computational cost [20]. Its two-
equation formulation solves for turbulent kinetic energy (k) and turbulent dissipation rate (g),
enabling representation of isotropic turbulence effects in the flow.

The Reynolds number of the flow was evaluated using:

UD
Re:p_
U

(3)
where D corresponds to the inlet diameter of each pipe.
2.4 Boundary and Solver Conditions

A uniform velocity inlet was applied at the upstream boundary of each pipe. Although real pipe
flow typically exhibits a parabolic profile, the straight inlet length ensured sufficient distance for
boundary layer development prior to the contraction. A no-slip condition was imposed at all walls.
At the outlet, a zero-pressure boundary condition allowed the flow to exit freely while maintaining
numerical stability. The SIMPLE algorithm was employed for pressure—velocity coupling. Momentum
equations were discretized using a second-order upwind scheme to ensure high spatial accuracy
without inducing instability. Convergence was assessed using both residual levels (target: 1x107¢) and
the stabilization of monitored flow variables.

3. Results
3.1 Grid Independence Test (GIT)

The three pipe layouts exhibit identical trends in the combined velocity and pressure distribution
graphs. Because of the considerable acceleration brought on by the higher contraction ratio, the 50
mm inlet generates the highest peak velocity and the sharpest pressure drop. While the 70 mm intake
displays the minimum pressure loss and the lowest velocity peaks, suggesting a smoother flow
transition and quicker recovery, the 60 mm inlet displays intermediate behaviour. These graph
patterns demonstrate that while bigger intake diameters encourage more steady velocity
development and better pressure performance, smaller inlet diameters increase flow acceleration
and hydraulic losses.

The comparative results show that inlet diameter significantly influences the flow topology within
the contraction. Smaller diameters produce sharper velocity gradients and steeper pressure drops,
while larger diameters generate smoother flow transitions. These findings corroborate prior
experimental observations on internal contraction flows and reinforce the importance of optimizing
inlet size to minimize energy losses in engineering applications.

3.1.1 Velocity distribution

Velocity distributions along the pipe centreline were plotted together to provide direct
comparison in Figure 2. The 50 mm inlet shows the sharpest velocity spike at the contraction,
followed by a long decay region where the flow transitions from jet-like to fully developed. The 60
mm inlet demonstrates a smoother peak and shorter decay. The 70 mm inlet produces the broadest
acceleration region but the smallest peak magnitude, indicating a less aggressive jet formation. Such
differences are consistent with contraction-driven jet behaviour described in previous CFD analyses.
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Fig. 2. Velocity distribution of three pipes
3.1.2 Pressure distribution

The pressure distribution plot highlights the relationship between inlet diameter and head loss
shown in Figure 3. The smallest inlet yields the largest drop at the contraction, reflecting greater
energy losses. The 60 mm inlet creates moderate losses, while the 70 mm inlet minimizes pressure
discontinuity. Downstream, the pressure recovery rate depends on the turbulence structure and
reattachment length. Larger inlets recover pressure more quickly, demonstrating superior hydraulic
efficiency.
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Fig. 3. Pressure distribution of three pipes
3.2 Velocity Contours
Velocity contours clearly illustrate how fluid acceleration differs among the three inlet diameters.

For the 50 mm inlet configuration, the contraction ratio is highest, producing a pronounced jet
immediately downstream of the contraction. This jet remains narrow and energetic for a longer
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distance before being dissipated by turbulent mixing. Similar behaviour has been observed in prior
studies of high contraction-ratio flows.

For the 60 mm inlet, the velocity peak at the contraction is still significant but less intense,
producing a slightly shorter jet core. The 70 mm inlet shows the smoothest acceleration process, with
the widest jet core but the least severe velocity gradients. This behaviour suggests that larger inlet
diameters promote more uniform upstream velocity distributions, reducing the severity of
contraction-plane flow acceleration. The velocity contour of the three pipe is shown in the Figure 4
below.

Velocity

Contour 1

[ 7.979e+00
7.181e+00
- 6.383e+00
- 5.5856+00
- 4.788e+00
- 3.9906+00
- 3.1926+00
- 2.394e+00
1.596+00
I 7.979e-01
0.000e+00
[m s*-1] (a) (b) (c)
Fig. 4. Velocity contour of inlet (a) 50 mm (b) 60 mm (c) 70 mm

3.3 Pressure Contours

Pressure contours reveal that the most severe pressure drop occurs in the 50 mm inlet
configuration. This aligns with theoretical predictions that the loss coefficient increases with
contraction ratio. The abrupt velocity rise in the smallest inlet case creates a stronger adverse
pressure gradient, intensifying local energy losses. The 60 mm inlet shows a moderate pressure drop,
whereas the 70 mm inlet exhibits the mildest reduction in static pressure. Beyond the contraction,
pressure recovery occurs as the flow reattaches to the pipe wall. Recovery is fastest in the 70 mm
configuration due to its smoother acceleration and thicker jet structure. Figure 5 below show the
pressure contour of three pipe.

Pressure
Contour 2

[ 2.436e+04

2.033e+04
r1.631e+04
r1.228e+04
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Fig. 5. Pressure contour of inlet (a) 50 mm (b) 60 mm (c) 70 mm
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3.4 Streamline Analysis

The streamline patterns for the three pipe configurations illustrate how inlet diameter influences
flow organization through and beyond the contraction as shown in Figure 6. In the 50 mm inlet case,
the streamlines converge sharply toward the contraction and form a narrow jet that induces
noticeable curvature and a small separation region near the wall downstream. The 60 mm inlet
exhibits smoother convergence, producing milder curvature and only limited near-wall disturbance.
In contrast, the 70 mm inlet generates the most uniform streamline behaviour, with minimal
deviation and no significant separation, reflecting a more stable and energetically efficient flow
transition. Overall, the streamline visualizations confirm that larger inlet diameters promote more
attached and orderly flow, while smaller inlets amplify curvature, acceleration, and localized
separation effects.

VelocitP/
Streamline 1

l 7.991e+00
r 5.993e+00
r 3.995e+00

r 1.998e+00

I 0.000e+00

[m s*-1]

(c)
Fig. 6. Streamline of inlet (a) 50 mm (b) 60 mm (c) 70mm

4. Conclusions

This study assessed the effects of inlet diameter on the flow behaviour of sudden contraction
pipes using CFD simulations. Across three configurations (50 mm, 60 mm, and 70 mm inlets), all
converging to a 30 mm outlet, substantial variation in flow acceleration, jet formation characteristics,
pressure losses, and downstream recovery was observed. The smallest inlet produced the most
intense flow acceleration and greatest pressure drop, consistent with established contraction-flow
theory. Meanwhile, the largest inlet enabled smoother flow development and lower hydraulic losses,
supporting conclusions drawn by previous CFD researchers. These results illustrate the significance
of inlet geometry in influencing flow efficiency and provide practical guidance for the design of piping
systems requiring sudden cross-sectional transitions.
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