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under varying fluid velocities have not been thoroughly investigated. This study used
numerical simulations with ANSYS FLUENT, based on the standard k— model under
steady-state conditions, to examine the effects of fluid velocity on the leak flow rate,
pressure distribution, and turbulence kinetic energy in double-leak subsea pipeline
models. The results indicate that changes in pipeline fluid velocity have a minimal
impact on the flow behaviour in the leak regions. Notably, the leak flow rate in the first
leak consistently exceeded that in the second leak. The pressure around the leaks
exhibits fluctuations owing to turbulence, which diminishes further from the leak
Keywords: points towards the pipe centreline. These findings suggest that leak detection systems
Pipe leakage; computational fluid should be positioned near the pipe surface to enhance the detection accuracy and
dynamic (CFD); velocity; leak detection; effectiveness. This study provides valuable insights into the fluid dynamics of double
pressure; turbulence kinetic energy (TKE)  leaks in subsea pipelines and contributes to improved leak management strategies.

1. Introduction

The use of industrial pipelines is becoming increasingly evident today because of the growing
need to transport materials, often liquids, over long distances [1]. Pipelines are the primary means
of collecting and transporting a wide range of commaodities including oil, natural gas, chemicals,
water, and sewage [2]. One of the main areas of research in duct engineering focuses on ensuring
flow, particularly addressing fluid leakage, which is prone to occur because of corrosive environments
to which ducts are often exposed. According to the Oxford Dictionary, leakage is defined as the
accidental entry or escape of fluid through a hole or fissure in a pipe. Pipeline monitoring, control,
operation, and maintenance are crucial activities that have evolved significantly. Fluid loss into the
external environment can directly affect the velocity, pressure, and temperature fields of the pipeline
and reduce the total volume delivered to the final destination [1].

* Corresponding author.
E-mail address: iszat@uthm.edu.my

https://doi.org/10.37934/athme.1.1.1026a

10



Advances in Fluid, Heat and Materials Engineering
Volume 1, Issue 1 (2024) 10-26

Pipeline leakage is a common phenomenon, often caused by third-party damage, geological
hazards, accidents, human error during operation, poor workmanship, sudden changes in pressure,
corrosive action, cracks, pipeline defects, joints in pipes or equipment, or lack of maintenance. The
consequences of pipeline leakage can be enormous, if not addressed immediately and carefully. In
addition to water pipelines, subsea pipelines are used to transport hydrocarbons and natural gas [3].
Failure of an oil transport pipeline due to a leak would result in an oil spill into the marine area,
negatively impacting human health and marine life [4]. Regarding the pressure behaviour around the
leak, a fully developed steady flow was driven by gravity or pressure forces in a constant-diameter
pipe. Gravity does not significantly affect the horizontal pipe flow, except for the hydrostatic pressure
variation across the pipe, which is usually insignificant. The pressure difference between the sections
of the horizontal pipe forces fluid through the pipe [5].

For turbulence kinetic energy (TKE) behaviour around a leak, turbulence is an essential
phenomenon that influences all atmospheric processes, particularly near the surface. Turbulence
represents the irregularity or randomness of the flow. The existence of a spectral gap in the
turbulence spectrum is important to separate the mean from the turbulent part of the flow.
Turbulence influences the mean (nonturbulent) part of the flow through a specific mechanism called
eddy flux [6]. The most important factors are buoyant production or consumption and shear
production of the TKE, which vary significantly in time and space (especially in height). Additionally,
dissipation is a crucial term because it reduces turbulence over time by dissipating energy from large
to smaller vortices. In meteorology, the TKE is useful for parameterising sub-grid processes. Smaller-
scale motions, namely turbulence, are not directly modelled. Instead, the effects of these sub-grid
scales on the larger scales were approximated. These smaller-scale motions are parameterised using
sub-grid-scale stochastic approximation or models. A low TKE value indicates better aerodynamic
properties [7].

Timely leak detection and location identification are essential because the economic impact of a
hydrocarbon leak on stakeholders can be significant. Pipeline leaks can negatively affect life, the
environment, the economy, and corporate reputations. When operating in subsea areas, additional
precautions must be taken, making rapid leak detection and location identification crucial.
Conducting small-scale leakage experiments on subsea pipelines is difficult, mainly because the
pipelines may need to release hydrocarbons into the environment [8-10].

Pipeline leak detection technologies play a key role in ensuring pipeline transport safety. It is
important to detect and locate pipeline leaks promptly to reduce or minimise fluid losses in the
pipeline [11]. There are four main categories of causes for pipeline leaks: operational, structural,
unintentional, and intentional. The operational category includes leaks due to oil/gas pipeline
operations such as human error and equipment failure. The structural problem category includes
failures in pipelines, such as explosions, collapses, fatigue, fractures, buckling, corrosion, and
ruptures. Unintentional damage is often caused by construction workers near the pipelines. In
addition, intentional damage can result from terrorist attacks and vandalism/theft [12].

Currently, the industry primarily uses two categories of detection methods, static and dynamic.
Sandberg et al., [13] state that dynamic detection systems are more preferable because they can be
applied to working pipelines, whereas static leak detection methods are only useful after the leakage
has been detected. According to Adegboye et al., [14] leak detection methods can be divided into
three categories: hardware, software, and biological approaches.

Fluid thermodynamics cannot be accurately captured in a small-scale laboratory setting because
of the large diameters of the industrial full-scale pipelines. Therefore, numerical simulations can
provide a better understanding of the internal pipeline flow and the consequences of pipeline
leakage at different scales, reducing the cost and number of experiments [15-17]. Commercially
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available ANSYS FLUENT computational fluid dynamics software was used for this purpose. The
ANSYS workbench provides an integrated design, meshing techniques, and large degrees of freedom
for pre- and post-processing in the simulation of fluid flow in pipelines [18]. Its parallel processing
capabilities also enable the computation of large, detailed meshes required to capture the intricate
flow dynamics near the leaks.

This study investigated and analysed the effect of changes in fluid velocity on the leak flow rate,
pressure distribution, and turbulence kinetic energy around the leakage points. A pipeline
transportation failure due to a leak could result in the spill of harmful chemicals into the marine area,
negatively impacting human health and marine life. It is of practical importance to promptly detect
and locate pipeline leaks to reduce or minimise fluid losses. Therefore, simulations were conducted
to investigate the effect of fluid velocity on the leak flow rate, pressure distribution, and turbulence
kinetic energy in near-leak regions and to analyse these flow parameters in double-leak subsea
pipeline models. The goal is to provide substantial and easily analysable feedback that can facilitate
rapid leak detection, thereby minimising environmental damage and protecting marine ecosystems.

2. Methodology
2.1 Geometry Modelling

A pipe with a diameter of 0.322 m was modelled using SolidWorks software to represent the most
commonly used pipe in oil and gas distribution networks. The pipe is 8m long, with two leaks located
4m and 6m from the inlet, as shown in Figures 1 and 2. Leaks were approximated as circular openings.
These leaks are very small compared to real-life issues in oil and gas pipeline distribution networks,
each having a diameter of 0.01m, as shown in Figure 3.

Fig. 1. Leak 1 location Fig. 2. Leak 2 location

Fig. 3. Circular leak diameter
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2.2 Grid Independence Test

Meshing was performed, as illustrated in Figure 4. A grid independence test (GIT) was conducted
to achieve precise and valid results in the CFD processor by minimising grid-induced truncation errors
without compromising the results. This involved controlling the variation in element size and nodes
[19, 20]. Table 1 lists the element size adjustments until the increment in the number of nodes
becomes constant. The skewness and orthogonal values were within the acceptable range for a good
mesh quality. The results were used to calculate the relative error using Eq. (1), and a velocity graph
was plotted, as shown in Figure 5.

. hps1—Mesh
Relative error = 2 nr1=Meshn ¢ 4 (1)
Meshy

RZXRK
ONNN

PRSBSOS
SRR

o O
N«»%%FNQ;

i
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Fig. 4. Meshing refinement of pipeline near the wall and leak (a) Normal view (b) Zoomed view

Table 1

Comparison of relative error

Division Division number  Nodes Elements Max Min Velocity Relative
number(Pipe) (Leak) number number skewness orthogonal average error (%)
20 10 31014 171191 0.84203 0.15797 9.6109 -

40 20 80346 434711 0.79985 0.20015 9.5723 0.402
60 30 180276 979759 0.79902 0.20098 9.5607 0.121
80 40 338334 1849927 0.79875 0.20125 9.5672 0.068
100 50 549579 3018442 0.80420 0.19580 9.5607 0.068

There was a significant difference in the graph results between the 31,014-node mesh and other
mesh node counts. The closest graphs were those for meshes with 180,276, 338,334, and 549,579
nodes. The chosen range of nodes used in this study was 180,276, which corresponds to an element
count of 979,759.
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Grid Independent Test
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Fig. 5. Grid independent test

2.3 Governing Equations

The flow in the pipe exhibits general axial symmetry along the azimuthal direction, which can be
described by a cylindrical coordinate system with all non-zero coordinates. As this is a turbulent
study, Egs. (2) and (3) are known as the Reynolds Averaged Navier-Stokes equations. The simulation
was carried out at a constant density, assuming that water is an incompressible fluid flowing with a
Mach number less than 0.3, and under steady-state conditions.

s

7%, 0 (2)
a(puiu]‘) __0p a ou; |, 0y 0 ¢
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2.4 Boundary Conditions

Accurate modeling of real pipeline flow involves applying four key boundary conditions, as
illustrated in Figure 6. At the inlet, a velocity condition was established based on typical Reynolds
numbers for water, balancing flow requirements with the need to prevent pipe erosion. This ensures
the model represents common water distribution systems accurately. For the main outlet, a pressure
condition was used, creating a realistic pressure gradient along the pipe to mimic actual pipeline
operations. Such realism is crucial for designing practical elements like pumps and valves.

b
I — " — —

Fig. 6. Boundary condition in the model geometry (a) Pipe wall (b) Outlet (c) Inlet (d)
Leak outlet 1 (e) Leak outlet 2

Leaks were modelled as pressure outlets at atmospheric pressure (zero gauge), simulating leaks
in aboveground pipes or, in the subsea context, leaked into the ocean at a given depth. This condition
is vital for understanding leak behaviour and its environmental impact. The boundary conditions for
the flow model included a velocity inlet of 9 m/s, leak pressure outlets similar to the pressure 100 m
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below sea level, which was 10.3421 bar (1034210 Pa), and a pressure outlet at the exit of the pipeline
at 365.4221 bar (36542210 Pa).

The pipe walls were assigned a standard no-slip condition with predefined roughness to capture
the effects of viscosity and wall friction. Additionally, the axial symmetry of the pipe flow was
leveraged using cylindrical coordinates to simplify the model without losing accuracy in key areas,
such as near leaks. These conditions create a model that accurately represents the physics of the leak
pipeline. By realistically capturing inlet velocities, outlet pressures, leak conditions, and wall effects,
the model provides a solid foundation for studying how leaks affect the pressure, velocity, and
turbulence. Such insights are critical for developing leak detection algorithms and for assessing
environmental risks, particularly in sensitive subsea environments.

2.5 Verification Data Process

The model geometry specifications were matched with those in a previous study by Wei and
Masuri [4]. This allowed data verification between the current simulation and prior work. The
verification ensures that the methodology is acceptable for different model geometries. As the error
in the results was less than 5%, the desired geometry and properties were deemed acceptable. The
errors were calculated using Eq. (4) and (5), respectively.

Absolute error = [Journal similation-Verification simulation] (4)

. Absolut
Relative error = e x100% (5)

Journal simulation

3. Results
3.1 Data Verification

A comparison of the pressure along the pipe between the current simulation and a previous study
by Wei and Masuri [4] is shown in Figure 7. The numerical data from the journal were digitised using
a web application. For this simulation, a residual continuity value of 1x10® was set and the
initialization involved 2000 iterations. Standard initialisation methods were used to initialise the flow
field.

Data Verification

36554000 ‘

36552000 |

Journal Simulation Data

36550000 Verification Simulation Data

36548000

36546000

Pressure (Pa)

36544000

36542000

36540000 - -

0 1 2 3 4 5 6 7 8
Position along pipeline (m)

Fig. 7. CFD code verification with journal simulation
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The average pressure for the verification simulation data is 36,546,680.43 Pa, whereas for the
journal simulation data, it is 36,546,814.71 Pa. Calculating the relative error between these datasets
using Egs. (4) and (5) yields a relative error of 0.00037%. This indicates that the verification simulation
data are valid because the relative error is below 5%.

3.2 Leak Flow Rate

The leak flow rate of the subsea pipeline model was identified and evaluated. Table 2 presents
the leak flow rates at different fluid velocities. The leak flow rate increased as the fluid velocity
increased for both leaks 1 and 2. However, the rate of increase in the leak flow rate at Leak 1 is slightly
higher than at Leak 2, with an average increment of 4.16 X 10 L/s on Leak 1 and an average
increment of 1.01 X 104 L/s of leak flow rate. Moreover, the leak flow rate in Leak 1 was always higher
than that in Leak 2. Overall, changes in the fluid velocity at both Leaks 1 and 2 have only a small
impact on the leak flow rate, as the difference is negligible.

Table 2

Leak flow rate for different fluid velocity at 3.6542 x 107 Pa
Leak flow rate (L/s)

Velocity (m/s)

Inlet Outlet Leak 1 Leak 2
6 486.82893 478.70191 4.0697605 4.0580829
7 567.96709 559.83877 4.0702382 4.0580706
8 649.10524 640.97631 4.0706578 4.0583115
9 730.2434 722.11401 4.0710069 4.0583853

3.3 Pressure Drops of Leaks at Different Fluid Velocities

The pressure drop at Leak 2 is much lower than that at Leak 1, as shown in Tables 3, 4, 5, and 6.
According to the Bernoulli equation, the pressure is inversely proportional to velocity; when the
velocity increases, the pressure decreases. Therefore, the pressure drop was much lower at Leak 2
than at Leak 1, as the velocity increased from the inlet to the end of the flow in the pipe. The pressure
shifts are induced by the Bernoulli equation as the increase in velocity increases the flow rate toward
the direction of the leaks. From the pattern of the value data, the consistency of the pressure drop
in the area of leakage makes the pressure a reliable parameter for leak.

Table 3

Pressure drop value around leaks at v =6m/s

Distance below leak (mm) Pressure drop at Leak 1 (Pa) Pressure drop at Leak 2 (Pa)
25 36543400.00 36542482.24

50 36544126.62 36543213.65

100 36544200.00 36543300.00

161 (centerline) 36544200.00 36543300.00

Table 4

Pressure drop value around leaks at v=7m/s

Distance below leak (mm)

Pressure drop at Leak 1 (Pa)

Pressure drop at Leak 2 (Pa)

25

50

100

161 (centerline)

36544000.00
36544826.62
36544893.11
36544900.00

36542742.99
36543513.65
36543600.00
36543600.00
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Table 5

Pressure drop value around leaks at v =8m/s

Distance below leak (mm)

Pressure drop at Leak 1 (Pa)

Pressure drop at Leak 2 (Pa)

25 36544800.00 36543142.99
50 36545626.62 36543913.65
100 36545700.00 36544000.00
161 (centerline) 36545700.00 36544000.00

Table 6
Pressure drop value around leaks at v=9m/s
Distance below leak (mm) Pressure drop at Leak 1 (Pa)

Pressure drop at Leak 2 (Pa)

25 36545700.00 36543603.74
50 36546553.24 36544413.65
100 36544800.00 36543600.00
161 (centerline) 36544800.00 36544500.00

3.4 Study of Flow Behavior Around the Leaks
3.4.1 Flow behavior around the leaks at 6 m/s

The pressure distribution along the pipeline experiences a disturbance in the first and second
leaks, as shown in Figure 8. The pressure change was almost similar for both leaks, with different
pipeline pressures at the respective leaks. At 25 mm below the leak surface centreline, the pressure
gradient signal was larger at the first leak than at the second leak. As the measurement moved away
from the leak surface, the signal became negligible.

Pressure Behaviour in 6 m/s Inlet Velocity

36548000

36547000

36546000

36545000

36544000

Pressure {Pa)

36543000

36542000

36541000

36540000

0 1 2 3 4 5 6 7 8
Position along pipe (m)

—— 25 mm below leak SOmm below leak ~ =——100mm below leak centerline

Fig. 8. Pressure distribution along pipeline for different positions at 6 m/s

The pressure gradient contour shows a sudden change in the pressure gradient in the leak
regions, as illustrated in Figure 9. The extreme change in the pressure gradient ranges from 2.764 X
101 Pa/m at the entrance edge of the leak to 2.583 X 10 Pa/m at the leak exit edge. The extreme
value of the change in the pressure gradient signal can be used by leak detection systems to enhance
the detection performance.
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Pressure Gradient
Contour 1

l 2.583e+10
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[ 7.749e+09
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I 2.583e+09
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[kg mA-2 sA-2]

(b)
Fig. 9. Pressure gradient contour around leak region at 6 m/s (a) Leak
1 (b) Leak 2

Regarding the turbulence kinetic energy of the fluid flow in the leak region, the fluid experiences
a sudden increase in the turbulence kinetic energy due to the leak. It increases from 2.644 x 104 J/kg,
which is the turbulence kinetic energy of the pipeline flow, to 1.112 X 10% J/kg near the leak and then
decreases back to its initial value. Thus, turbulence kinetic energy can also serve as an assisting
parameter in leak detection to avoid false-signal alarms (Figure 10).

Turbulence Kinetic Energy TE—_—
Contour 1

1.112e+04
[ 1.001e+04
 8.896e+03
r 7.784e+03
- 6.672e+03
- 5.560e+03

- 4.448+03
- 3.336e+03

2.224e+03
I 1.112e+03
2.644e-04

[m*2 s*-2] (b)

Fig. 10. Turbulence kinetic energy contour around leak region at 6 m/s (a)
Leak 1 (b) Leak 2

3.4.2 Flow behavior around the leaks at 7 m/s

The pressure distribution along the pipeline experiences a disturbance in the first and second
leaks, as shown in Figure 11. The pressure change is almost similar at both leaks, with different
pipeline pressures at the respective leaks. At 25 mm below the leak surface centerline, the pressure
gradient signal is larger at the first leak compared to the second leak. As the measurement moves
away from the leak surface, the signal becomes hardly noticeable.

The pressure gradient contour shows a sudden change in the pressure gradient in the leak
regions, as illustrated in Figure 12. The extreme change in the pressure gradient ranges from 1.582 X
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10! Pa/m at the entrance edge of the leak to 2.574 X 10'° Pa/m at the exit edge of the leak. The
extreme value of the change in the pressure gradient signal can be used by leak detection systems to
enhance detection performance.

Pressure Behaviour in 7 m/s Inlet Velocity

36549000
36548000
36547000
36546000
36545000
36544000

Pressure (Pa)

36543000

36542000
36541000

36540000
0 1 2 3 < 5 6 7 8

Position along pipe (m)

e 25miM below leak S0mm below leak === 100mm below leak  =====centerline

Fig. 11. Pressure distribution along pipeline for different positions at 7 m/s
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[ 1.030e+10
r7.722e+09

5.148e+09
l 2.574e+09
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(b)
Fig. 12. Pressure gradient contour around leak region at 7 m/s (a)
Leak 1 (b) Leak 2

Regarding the turbulence kinetic energy of fluid flow at the leak region, the fluid experiences a
sudden increase in turbulence kinetic energy due to the leak. It increases from 3.106 x 10-4 J/kg,
which is the turbulence kinetic energy of the pipeline flow to 1.109 x 104 J/kg near the leak and then
decreases back to its initial value. Thus, turbulence kinetic energy can also serve as an assisting
parameter in leak detection to avoid false-signal alarms (Figure 13).
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Turbulence Kinetic Energy
Contour 1

l 1.109e+04
9.981e+03
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r 4.436e+03
F 3.327e+03

2.218e+03
I 1.109e+03
3.106e-04

[m*2 s*-2]

(b)
Fig. 13. Turbulence kinetic energy contour around leak region at 7 m/s
(a) Leak 1 (b) Leak2

3.4.3 Flow behavior around the leaks at 8 m/s
First, the pressure distribution along the pipeline experienced disturbances at both Leaks 1 and

2, as shown in Figure 14. The distance between the two leaks is 2 m. However, the pattern of the
pressure distribution was very similar for both the leaks.

Pressure Behaviour in 8 m/s Inlet Velocity
36552000

36550000
36548000
36546000

36544000

Pressure (Pa)

36542000

36540000

36538000
0 1 2 3 4 5 6 7 8

Position along pipe (m)
e 25mm below leak 50mm below leak

100mm below leak centerline

Fig. 14. Pressure distribution along pipeline for different positions at 8 m/s

From the above graph, the pressure behaviour 25 mm below the leak surface shows the largest
change, resulting in the widest spike at both leaks. Conversely, the pressure behaviour at the centre
of the pipeline (161 mm) had the smallest spike, indicating a slight pressure change around the leaks.
This demonstrates that as the measurement moved away from the leak surface, the leakage signal
became less noticeable.

From the pressure gradient contour in Figure 15, there is a sudden change of pressure around
the leak region. The extreme change of pressure gradient has a range from 3.580 x 101 Pa/m to 2.573
x 1010 Pa/m at the entrance edge of leak and the exit edge of the leak, respectively. The pressure

gradient can be used as the data for a leak detection system to enhance the performance of
detection.
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Pressure Gradient
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(b)
Fig. 15. Pressure gradient contour around leak region at 8 m/s (a)
Leak 1 (b) Leak 2

Additionally, the turbulence kinetic energy (TKE) also changes owing to the turbulence effect in
the leak region. The TKE contour at a fluid velocity of 8 m/s showed that the TKE around the leak
region increased significantly. It rises from 3.595 x 10-4 J/kg to 1.106 x 104 J/kg, with the maximum
occurring at the surface of the leak region and returning to the minimum when further away. The
TKE can serve as an assisting parameter in leak detection systems to avoid false signal alarms. Figure
16 shows the TKE contour around the leak region at 8 m/s.

Turbulence Kinetic Energy N . [
Contour 1

1.106e+04
F 9.954e+03
 8.848e+03

r7.742e+03
- 6.636e+03
 5.530e+03
4.424e+03
- 3.318e+03

2.212e+03
l 1.106e+03
3.595e-04

[m*2 s*-2]

(b)
Fig. 16. Turbulence kinetic energy contour around leak region at 8m/s
(a) Leak 1 (b) Leak 2

3.4.4 Flow behavior around the leaks at 9 m/s
First, the pressure distribution along the pipeline experienced disturbances at both Leaks 1 and

2, as shown in Figure 17. The distance between the two leaks is 2 meters. However, the pattern of
pressure distribution is very similar for both leaks.
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Pressure Behaviour in 9 m/s Inlet Velocity

36554000
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w—25mm below leak 50mm below leak

100 mm below leak  wmm—centerline

Fig. 17. Pressure distribution along pipeline for different positions at 9 m/s

From the graph above, the pressure behaviour 25 mm below the leak surface has the largest
change in the pressure behaviour which gives the widest spike at both leaks. However, the pressure
behaviour at the centre of the pipeline (161 mm) has the smallest spike which shows that there is a
slight pressure change around the leaks. This shows that as the measurement moves away from the
leak surface, the leakage signal becomes less noticeable.

From the pressure gradient contour above (Figure 18), there is a sudden change in the pressure
around the leak region. The extreme change in the pressure gradient ranges from 4.147 X 10! Pa/m
to 2.571 X 10'° Pa/m at the entrance edge and exit edge of the leak, respectively. The pressure
gradient can be used as data for the leak detection system to enhance the detection performance.

T

Pressure Gradient
Contour 1

l 2.571e+10 =
2.314e+10

r 2.057e+10
r 1.800e+10
r 1.543e+10
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r 1.028e+10
r7.713e+09

5.142e+09
I 2.571e+09
4.147e+01

[kg m7-2 sA-2]

(b)
Fig. 18. Pressure gradient contour around leak region at 9 m/s (a)
Leak 1 (b) Leak 2

In addition, the turbulence kinetic energy (TKE) of also experienced some changes owing to the
turbulence effect in the leak region. The TKE contour at 9 m/s of fluid velocity shows that the TKE
around the leak region increased significantly. It increased from 4.092 x 10-4 J/kg to 1.103 x 104 J/kg,
with the maximum occurring at the surface of the leak region and back to the minimum when away
from it. The TKE can be serve as an assisting parameter in the leak detection system to avoid false
signal alarms. Figure 19 shows the TKE contour around the leak region at 9 m/s.
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Turbulence Kinetic Energy
Contour 1
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(b)
Fig. 19. Turbulence kinetic energy contour around leak region at 9 m/s
(a) Leak 1 (b) Leak 2

3.5 Comparison of Pressure Behavior Between Different Distance Below the Leaks

Figures 20 to 23 show the relationship of the pressure behaviour around the leaks between
different fluid velocities along the pipeline. A similar trend was observed in the pressure behaviour
around the leaks for different fluid velocities. It is observed that the pressure distribution experienced
a sudden drop and then increased to the maximum in the vicinity of the leak vigorously afterwards
at both leaks 1 and 2. However, leak 2 at those four distances below the leakage shows a lower
pressure compared to leak 1, because the velocity around leak 2 is higher than that around leak 1
according to Bernoulli’s principle.

In addition, the fluctuation of pressure near the surface of the leakage (25 mm) is much more
significant than the fluctuation of pressure at the centreline which is 161 mm from the surface of the
leakages. Hence, this shows that as the measurement moves away from the leak surface, the leakage
signal becomes less noticeable. This means that it is better to locate the detection sensor closer to
the surface to identify the location of the leakage with better detectability.
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Fig. 20. Pressure behavior around the leaks between different fluid
Velocity along the pipe at 25 mm below the leaks
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50 mm below leak
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Fig. 21. Pressure behavior around the leaks between different fluid
velocity along the pipe at 50 mm below the leaks
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Fig. 22. Pressure behavior around the leaks between different fluid
velocity along the pipe at 100 mm below the leaks
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Fig. 23. Pressure behavior around the leaks between different fluid
velocity along the pipe at centerline below the leaks
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4. Conclusions

The objective of this study was to be successful. The effects of fluid velocity on the leak flow rate,
pressure distribution, and turbulence kinetic energy around the leak regions were investigated. The
study showed that as the fluid velocity increased, the leak flow rate of the pipeline also increased,
and the leak at position 1 was consistently higher than that at position 2. Regarding the pressure
behaviour around the leaks, a pattern of fluctuation occurs owing to turbulence in the leak regions
at both leaks. However, the pressure fluctuation weakened as the measurement moved further from
the leak point and closer to the pipe centreline. Hence, the second objective is successfully identified.
A leak detection system should be installed near the surface of the pipeline, as this area exhibits the
most significant changes in the pressure distribution when a leak occurs.
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