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Abstract:
The detection of casing leakage in oil and gas wells or water injection wells is an important
element of wellbore integrity management. Ultrasonic technology is suitable to detect
and identify the position of leakage in oil and gas well shafts, providing engineering
guidance for subsequent treatment. In this paper, the finite element calculation model
of casing leakage in oil and gas wells is established by using the computational fluid
dynamics method, and the large eddy simulation model and Ffowcs Williams-Hawkings
acoustic model are utilized to simulate the casing leakage condition. The acoustic pressure
signals of each monitoring point on the inner axis of the pipeline are obtained, and the
influences of the pipeline pressure difference, the leakage hole diameter and the pipeline
fluid on the leakage acoustic field are analyzed. The simulation results indicate that the
acoustic pressure level measured on the pipeline axis rises with the increase of pipeline
pressure difference and leakage hole diameter. The size and variation rule of acoustic
pressure level also vary with the type of pipeline fluid. Overall, the results obtained show
that ultrasonic logging can accurately locate and detect tubing leakage, and they provide
theoretical guidance for practical casing leakage detection, assisting with wellbore integrity
management.

1. Introduction
Casing oil and gas leakage has become a global concern be-

cause of its adverse impact on the ecosystem (Shahmirzaee et
al., 2019). It often occurs in practical engineering applications,
not only causing energy loss and environmental pollution, but
also threatening the safety of residents (Mahmutoglu and Turk,
2019; Zhang and Weng, 2020; Rai et al., 2021). Therefore,
casing leakage detection is a crucial part of well integrity
management (Datta et al., 2016; Ning et al., 2021; Zhang et
al., 2021c). To avoid accidents due to oil and gas pipeline
leakage, the exact location and quantity of leakage must be
identified (Lalitha et al., 2020; Jahanian et al., 2021). Most
leakages are small at the initial stage and will increase over
time. Locating leakages in the early stages of leakage devel-

opment can reduce remediation costs. Meanwhile, very small
wellbore leaks (<3.785 L/min) are difficult to detect through
conventional leakage detection techniques, such as multi-
arm caliper logging, acoustic televiewer and other borehole
imaging techniques, electromagnetic flaw detection logging,
rotor flowmeter, gradient well temperature logging, downhole
cameras, thermal neutron attenuation logging, or noise logging
(Piltan and Kim, 2019; Moosavi et al., 2020; Zhang et al.,
2021a). When the leakage is small, the temperature, pressure,
flow velocity and other characteristics around the wellbore
leakage point change little, which is often beyond the reso-
lution threshold of the fluid temperature, flow, and pressure
logging tools. Conventional noise logging can only detect the
acoustic energy in fixed-point measurement mode in the acous-
tic band generated by the liquid or gas at the leakage point.
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In addition, because of the influence of other distant noise
sources, there is a multi-solution of logging interpretation.
Downhole cameras (such as video system logging tools) are
effective in detecting leakages and diagnosing other problems,
but they require the high resolution of fluids or gases in the
well (Cao et al., 2021; Shi et al., 2022). In addition, leakages
that occur outside the multilayer string cannot be located using
conventional borehole leak detection techniques. Therefore,
under the modern requirements of safety and environmental
protection, new logging methods with wider application scope
and more accurate measurement results are urgently needed
(Lu et al., 2020).

Gas leakage in the wellbore/pipeline will produce vibra-
tions in three frequency bands: infrasonic, sonic and ultrasonic
(Zhang et al., 2020). Compared with the acoustic wave energy
of infrasound and sonic frequencies, ultrasound has good
directivity, strong penetrating ability and the ease of recording
more concentrated acoustic energy (Hudson et al., 2021).
Moreover, ultrasound has the advantage of relatively short
propagation distance, and when an ultrasonic signal is detected
in a given ultrasonic frequency band, this indicates that the
leakage location is closer to the source. These characteristics
make ultrasound ideal for accurate leakage detection. Accord-
ingly, ultrasound technology has been developed for many
years for leakage detection in production equipment such as
valves and wellhead devices.

Domestic and abroad scholars have carried out exploration
and research on ultrasonic detection of pipeline/tubing leakage.
Mei et al. (2021) conducted pipeline leakage detection experi-
ments to study pipeline leakage problems under different pore
sizes and pipeline pressures, and they verified the feasibility of
the leakage detection method based on acoustic emission tech-
nology combined with a frequency-domain feature extraction
algorithm. Xu et al. (2021) performed leakage experiments on
two-phase flow pipelines and proved that acoustic emission
technology and BP neural network identification have high
accuracy in leakage detection in two-phase flow pipelines.
Quy and Kim (2020) proposed a reliable method to detect
leaks and recognize their various sizes in a gas pipeline based
on the spectral portrait of acoustic emission signals. Zhang et
al. (2021b) introduced the overall design of a new acoustic
logging tool while drilling, tested the tool, and obtained
qualified data. Shan et al. (2021) coupled the hybrid neural
network prediction logging curve, carried out practice and
evaluation in the field, and achieved high prediction accuracy.
Keramat and Duan (2021) developed a new technique for
leak detection, called Matched-Field Processing. Fedotov et al.
(2021) studied the detection band of laser fluorescence sensor
to detect oil pipeline leakage. Fu et al. (2020) established the
relationship between pressure distribution and leakage param-
eters through simulation and verified it through experiments.
Adegboye et al. (2021) systematically analyzed the effects of
leak size, longitudinal leak location, multiple leaks, and axial
leak locations on the pressure gradient, flow rate and volume
fraction in the pipeline. Ghosh and Saha (2021) simulated a slit
similar to a pipe crack and compared it with the experimental
results to prove the validity of the analysis. Yuan et al. (2020)
studied the generation and propagation of negative waves

in pipeline leakage through computational fluid dynamics
simulation and proposed a dimensionless correlation equation
between pipeline pressure and leakage aperture. Doshmanziar
et al. (2020) proposed a leakage detection method for long-
distance pipelines based on nonlinear modeling and verified
its effectiveness. Zeng and Luo (2019) conducted a numerical
simulation of pipeline leakage conditions and studied the in-
fluence of pipeline diameter, inlet mass flow rate, main length,
Zadkarami et al. (2017) utilized a multi-layer perceptron neural
network and the Dempster-Shafer technique to determine the
size and location of leakage, and other factors on the flow
phenomenon near the location of leakage.

It is expected that ultrasound logging is effective in de-
tecting the leakage and channeling of downhole string or
annulus in oil and gas wells. Therefore, based on the successful
application experience of ultrasonic surface leakage detectors
and the excellent characteristics of ultrasonic transmission,
this paper theoretically explores the development of downhole
ultrasonic detectors. First, the design modeler (DM) module in
ANSYS software is used to establish a three dimension (3D)
model of the casing, and the large eddy simulation model in
Fluent module is employed to simulate the flow field changes
of casing leakage under different conditions. Then, the acoustic
field variation of casing leakage under different conditions is
simulated by the Ffowcs Williams-Hawkings (FW-H) model.
Finally, the influence of pipeline pressure difference, leakage
hole diameter, and pipeline fluid on leakage acoustic field is
compared and analyzed by the acoustic pressure level spectrum
diagram measured at the monitoring point on the pipe axis, and
the conclusions are drawn.

2. Fluid acoustic theory
All leakage release a certain amount of ultrasonic energy,

which is related to the size of the leak channel and differential
pressure, and different leakage produce different energy spec-
tra and different amplitudes. The human ear can hear acoustic
waves at frequencies between 20 and 20,000 Hz. Ultrasonic
frequency is greater than 20,000 Hz, which is a high-frequency
short-wave signal. It is directional and cannot be heard directly
by the human ear. Therefore, ultrasonic leakage detection can
be used in noisy environments, and the air tightness detection
of casings and tubings can be realized by using ultrasonic
waves. When an oil casing leaks, the flow in the pipeline jets
out of the leakage hole, forms turbulence near the leakage
hole, and interacts with the pipe wall, resulting in noise due
to the intense velocity and pressure pulsation.

Aeroacoustics is the basic theory for studying the acoustic
waves generated by pipeline leakage (Zhang et al., 2017;
Karthik et al., 2021), which mainly examines the principle of
acoustics produced by the fluid-solid or fluid-fluid interaction.
The basic equations of the theory are derived from continuity
equations and momentum equations.

The continuity equation, as the mathematical expression of
the law of mass conservation, is satisfied by the fluid flow and
is expressed as

∂ρ

∂ t
+

∂ (ρu)
∂x

+
∂ (ρv)

∂y
+

∂ (ρw)
∂ z

= 0 (1)
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(a) Casing model (b) Local amplification near the leak hole

Fig. 1. Schematic of casing model.

where ρ represents the fluid density, kg/m3; u, v and w
represent the velocity components of the fluid on the x, y,
and z, respectively, m/s.

The momentum equation is the mathematical expression of
momentum conservation law, also known as Navier and Stokes
equations, expressed in the rectangular coordinate system as

∂ (ρu)
∂ t

+
∂ (ρuu)

∂x
+

∂ (ρuv)
∂y

+
∂ (ρuw)

∂ z

=− ∂ p
∂x
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(
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(2)

where µ represents dynamic viscosity, N·s/m2; Fx, Fy, Fz are
the component forces of the resultant force in the direction of
x, y and z, respectively, N.

Based on the above equation, in 1952, Lighthill proposed
the equation of airflow motion sound as follows

∂ 2 p′

∂ t2 − c2
∇

2 p′ =
∂ 2Ti j

∂xi∂x j

Ti j = ρuiu j + p′δi j− c2 p′δi j− τi j

(3)

where p′ = p− p0 represents far-field sound pressure, Pa; c
represents far-field sound speed, m/s; Ti j represents Lighthill
stress tensor; ui and u j are the velocity components of the flow
field in the x and y directions, respectively, m/s; δi j denotes
Kronecker number; τi j is the viscous stress tensor of fluid.

However, the Lighthill equation is derived from the as-
sumption of free space without considering the effect of solid
boundary. On this basis, Curle proposed the Lighthill-Curle
equation in 1955, which made it possible to study the phe-
nomenon of object acoustics in turbulent flow. Later, Ffowcs
and Hawkings further extended the Lighthill-Curle equation
to study the acoustic phenomenon of the interaction between
solid boundary and fluid, and proposed a relatively common

result–the FW-H equation, expressed as follows (Sarallah and
Mohammad, 2021)

1
c

∂ 2 p′

∂ t2 −∇
2 p′ =

∂

∂ t
{[ρ0vn +ρ (un− vn)]δ ( f )}

− ∂

∂xi

{[
ρui (un− vn)+ p′δi j−σi j

]
δ ( f )

}
+

∂ 2

∂xi∂x j
[Ti jH( f )]

(4)

where un and vn represent the fluid velocity component per-
pendicular to the integrating surface and the moving velocity
component of the integrating surface, respectively, m/s; δ ( f )
is Dirac function; ui represents the velocity component of the
fluid in the xi direction, m/s; σi j is the shear stress tensor of
fluid; and H( f ) denotes Heaviside function.

In Eq. (4), the three items on the right side of the medium
sign are acoustic source terms. The first item is a monopole
acoustic source, which is the acoustic source generated when
the mass or heat is uneven in the medium. The second item is
the dipole acoustic source, which is the acoustic source formed
by the reaction force generated by the higher-velocity fluid and
the obstacles in the fluid. The third is the quadrupole acoustic
source, which is the stress source formed by the viscous stress
of turbulent fluid.

3. Acoustic numerical simulation of casing
leakage

3.1 Mathematical model
In this paper, the DM module in ANSYS is used to

establish a 3D casing model, as shown in Fig. 1(a). The casing
model is mainly composed of four parts: pipe, pipe wall and
annulus, and a leakage hole located on the outer wall of the
casing. The casing has a total diameter of 110 mm and inner
diameter of 57 mm, the thickness of the pipe wall is 2.5 mm,
and the total length of the casing model is 1 m. The leakage
hole is located at the middle point of the outer wall of the
casing, and has a diameter of 0.2 mm and height of 2.5 mm,
which is equal to the thickness of the pipe wall.

After constructing the 3D model, it was imported into
ANSYS Meshing for grid division. Tetrahedral grid was used
for the whole model grid, as shown in Fig. 1(b). Grid en-
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Fig. 2. Position of pipeline axis at each monitoring point.

cryption was carried out near the location of the leak hole,
and after grid independence verification, the number of grids
was determined to be about 1 million, which could meet the
accuracy requirements.

3.2 Calculation settings
The flow field simulation calculation adopts the large eddy

simulation model, which simulates two working fluids: air and
methane. For simplicity, both working media are assumed to be
incompressible ideal gases. To study the influence of pipeline
pressure difference and leakage hole diameter on the flow field
and acoustic field, the leakage hole diameters considered are
0.085 mm, 0.15 mm, 0.2 mm and 0.235 mm, and the pipeline
pressure difference values tested are 2 MPa, 3 MPa, 4 MPa,
and 5 MPa. In the model, the outlet of the leakage hole is an
atmospheric pressure environment. The pressure inlet is used
for annulus and pipe inlet, the pressure outlet is used for the
outlet, and the pipe wall is solid without a slip boundary. It
is assumed that the fluid flow process in the whole pipeline
is incompressible adiabatic flow, and the temperature in the
pipeline and annulus is constant at 25 ◦C.

In this paper, the aerodynamic acoustics theory, i.e., FW-
H equation is employed to simulate the acoustic field. The
acoustic source and acoustic propagation are calculated based
on the flow field result data. The surface of the leakage hole is
set as the acoustic source area, and the interior of the pipe and
annulus are set as the acoustic propagation area. The frequency
range of acoustic field simulation is set as 0∼100 kHz by
setting the time step as 5×10−6 s. The monitoring points are
uniformly set on the pipe axis to measure the acoustic pressure
parameters at each position. Taking the central point of one
end of the pipeline as the origin of coordinates, the monitoring
points are located on the z-axis with mm as the unit. The
coordinates of individual monitoring points are 1(0, 0, 500),
2(0, 0, 1000), 3(0, 0, 875), 4(0, 0, 750), 5(0, 0, 625), 6(0, 0,
375), 7(0, 0, 250), 8(0, 0, 125), and 9(0, 0, 0), as shown in
Fig. 2.

4. Results and discussion
The most common method to detect casing leakage is

a series of casing inspections based on ultrasonic logging.
However, through conventional leak detection technology, it
is difficult to detect very small wellbore leaks (less than 3.785
L/min), and it is not possible to locate leaks outside the
multilayer pipe string. The simulation calculation is based on
small leakage, with the leakage aperture set to 0.085 mm,
0.15 mm, 0.2 mm or 0.235 mm. The leakage also occurs on

the annular casing outside the pipeline. The flow field change
during annular leakage and the acoustic pressure generated by
the leakage measured inside the pipeline are calculated, so as
to provide a theoretical basis for the detection and location
of small leaks. The experimental validation is also based on
the relatively obvious acoustic pressure spectrum measured
by small leakage and casing detection. Using both theoretical
analysis and experimental measurement, the leakage detection
task is better simulated.

4.1 Flow field
For the simulation conditions, the external pressure of the

pipeline is set as 1 atm, that is, the outlet pressure p2 of the
leakage hole is 1 atm, and the pressure inside the pipeline is 2-
5 MPa, so the pressure ratio between the interior and exterior
of the pipeline is

v =
p2

p1
= 0.020∼ 0.051 (5)

The adiabatic index k = 1.4 of the pipeline fluid medium
is substituted into Eq. (1) to get vcr = 0.528 , and obviously,
v < vcr. Therefore, for the various simulation conditions, the
flow of fluid at the leakage hole is in a critical state, that
is, the flow velocity at the outlet of the leakage hole is the
local acoustic speed under the corresponding pressure. Fig. 3
shows the flow field velocity cloud diagram at the outlet of the
leakage hole under the condition of 0.15 mm diameter and 3
MPa pressure difference between the interior and exterior of
the pipe. The flow velocity at the outlet of the leakage hole is
366 m/s.

The main factors influencing the flow rate at the leakage
hole outlet are the pressure difference between the interior
and exterior of the pipe and the diameter of the leakage
hole. Since this study is principally aimed at the simulation
of small leakage in the pipeline, the leakage hole apertures
of 0.085 mm, 0.15 mm, 0.2 mm or 0.235 mm are selected
for calculation, and the pressure difference condition of the
pipeline is 2 MPa, 3 MPa, 4 MPa or 5 MPa, respectively.
Under the condition of the same leak hole diameter, the flow
velocity at the leak hole outlet obtained by simulation is sorted
out and the error value is calculated, as shown in Table 1.

Given the calculation conditions of this paper, the influence
of pressure difference change on the outlet flow rate of
leakage hole is not obvious. Under the same aperture but
different pressure differences, the leakage hole outlet velocities
calculated by software are roughly the same. It can be seen
from Table 1 that the maximum relative error of the outlet flow
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Fig. 3. Outlet velocity cloud diagram of 0.15 mm diameter leakage hole under 3 MPa pressure difference.

Table 1. Outlet flow velocity of leak hole under different pore diameters and pressure differences.

Leakage aperture, mm Pressure difference, MPa Leakage outlet flow rate, m/s Error, %

0.085

2 375 1.05

3 379 0.00

4 369 2.60

5 369 2.60

0.150

2 366 0.00

3 366 0.00

4 365 0.27

5 364 0.54

0.235

2 359 0.00

3 359 0.00

4 359 0.00

5 358 0.28

velocity of leakage hole under different aperture conditions is
2.6% (aperture: 0.085 mm), 0.54% (aperture: 0.15 mm) and
0.28% (aperture: 0.235 mm), respectively, using 3 MPa outlet
flow velocity as the reference value. Thus, it can be considered
that the flow rate at the outlet of the leakage hole is fairly
consistent.

In contrast, under the calculation conditions, the influence

of leakage hole diameter on outlet velocity is more obvious.
As can be seen from Table 1, the flow rate at the outlet of
the leakage hole decreases with the gradual increase in the
leakage hole diameter. The outlet velocity of the leakage hole
is close to the local acoustic speed under the corresponding
pressure, and it decreases with the increase of leakage hole
aperture.
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Table 2. Average SPL of monitoring points under the condition of 0.2 mm aperture and 3 MPa pipe interior-exterior pressure
difference.

Point 2 3 4 5 1 6 7 8 9

Average SPL/dB -8.14 -5.46 -1.52 2.61 -25.29 2.30 -1.07 -5.01 -7.76

0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 0 1 0 0
- 6 0
- 5 0
- 4 0
- 3 0
- 2 0
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Fig. 4. 3D acoustic pressure spectrum diagram.

4.2 Acoustic field
Fig. 4 presents the 3D acoustic pressure spectrum diagram

at each monitoring point under the condition of 0.2 mm
aperture and 3 MPa pipe internal and external pressure differ-
ence. The monitored parameter is sound pressure level (SPL),
and the reference acoustic pressure is 2×10−5 Pa. In this
calculation, we set a total of 9 acoustic pressure monitoring
points evenly distributed on the axis, with the distance of
125 mm between two adjacent monitoring points. Monitoring
point 1 is located on the position axis directly below the
leakage hole, and the other monitoring points are distributed
symmetrically.

The average acoustic pressure level is obtained by aver-
aging each acoustic pressure level data within the calculation
frequency, so as to visualize the acoustic pressure level change
of each monitoring point. The average acoustic pressure level
of all monitoring points from Fig. 4 is shown in Table 2, where
the order of the monitoring point numbers is the same as that
in Fig. 2.

Fig. 4 and Table 2 show the distribution of acoustic pres-
sure values measured at each monitoring point. The acoustic
pressure measured at monitoring point 1 is generally lower
than that measured at other monitoring points. The acous-
tic pressure charts measured at two symmetrical monitoring
points, such as 5, 6 (or 4, 7, or 3, 8, or 2, 9), have a
relatively high coincidence degree. Moreover, the acoustic
pressure values measured at the monitoring points show a trend
of gradual decline according to 5→4→3→2 and 6→7→8→9,
which is consistent with the transmission trend of acoustic
waves. It can be concluded that the distribution of acoustic
pressure values is as follows: the acoustic pressure value
directly below the leakage hole can be characterized by a
typical or characteristic pressure drop. The value of acoustic
pressure transmitted from the leakage hole to both ends of the

Probe rod

 Controller

Gas 
source

Platform

Wellbore

Fig. 5. Wellbore leakage simulator.

pipeline shows a trend of gradual decline and presents a
roughly symmetrical distribution, which is in line with the
theory of acoustic propagation.

4.3 Experiment
In order to verify the results of the above simulation calcu-

lation and analysis, a wellbore leakage simulation test device
was built to simulate various leakage conditions of a natural
gas wellbore under real formation conditions. The schematic
diagram of the structure and principle of the wellbore leakage
simulation device is shown in Fig. 5.

The laser machining method was used to produce the leak-
age hole to meet the aperture requirements. Multiple groups of
tests were carried out on the same leakage hole. The pressure
in the wellbore was individually set as 1 MPa, 2 MPa, 3 MPa
or 4 MPa, and the outside of the wellbore was atmospheric
pressure environment. The gain of the leakage signal process-
ing circuit was fixed at 2,000 times. The detection process
included the following steps: under the condition that the
leakage pressure difference remains unchanged, the leakage
probe rod is moved to each measurement position in turn.
The leakage acoustic signal detected by the detection circuit
in each position is measured and recorded by a computer, and
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the acoustic value is obtained by analysis. Eight tests were
carried out at each position, and the acoustic values at this
position were obtained by averaging the 8 groups of measured
acoustic data to eliminate the influence of random interference
on the test results.

Fig. 6 shows the change curve of acoustic pressure mea-
sured by ultrasonic signal in the simulation test, with the
position of wellbore clearly seen. The ultrasonic acoustic
pressure signal is the largest at the leakage hole, and decays
rapidly as the ultrasonic sensor moves away from the leakage
hole. Thus, it can be seen that the leakage hole can be accu-

LA

LB

LC

Fig. 6. Ultrasonic acoustic pressure curves of wellbore leakage
detection.

rately located on the tubing through ultrasonic detection.
In Fig. 6, LA, LB and LC stand for three different filters:

LA denotes low frequency band with a center frequency of 20
kHz; LB denotes mid frequency band with a center frequency
of 40 kHz; LC denotes high frequency band with a center
frequency of 60 kHz. Under the experimental conditions of
this paper, the filter with a center frequency of 40 kHz is
more sensitive, hence the acoustic pressure amplitude of LB
is the largest.

4.4 Pressure difference
In order to study the influence of pipeline internal and

external pressure difference on the acoustic field, four different
pressure difference conditions of 2 MPa, 3 MPa, 4 MPa and 5
MPa were considered, and monitoring point 1 was set on the
pipeline axis directly below the leakage hole to measure the
acoustic pressure value. Fig. 7 shows the change of acoustic
pressure spectrum at measuring point 1, with the pressure
difference between the interior and exterior of the pipeline.

As can be seen from Fig. 7, in models with different
leakage hole sizes, although the acoustic pressure values are
different, the variation trend of the acoustic pressure values
with the pressure difference between the interior and exterior
of pipeline is consistent. As the pressure difference increases,
the acoustic pressure value gradually increases, and with the
increase of pressure difference, the rate of acoustic pressure
increase becomes gradually smaller. The maximum sound
pressure value almost appears between 15∼22 kHz. It is
concluded that, under the condition of constant leakage hole
diameter, the acoustic pressure on the axis below the leakage
hole increases gradually with the pressure difference between
the interior and exterior of the pipeline, and the results are
consistent.

4.5 Leakage aperture
In order to study the influence of leakage hole diameter

on the acoustic field, four different leakage hole diameter
conditions of 0.085 mm, 0.15 mm, 0.2 mm and 0.235 mm are
considered. The monitoring point on the pipe axis is directly
below the leakage hole to measure the acoustic pressure value.
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(a) Leakage aperture of 0.085 mm
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(b) Leakage aperture of 0.15 mm
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(c) Leakage aperture of 0.235 mm

Fig. 7. Relationship between the acoustic pressure spectrum at measuring point 1 and the pressure difference between the
interior and exterior of pipeline.
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(c) Pressure difference of 4 MPa

Fig. 8. Relationship between acoustic pressure spectrum at measuring point 1 and the leakage hole aperture.

As can be seen from Fig. 8, under different pipeline
interior and exterior pressure differences, although the acoustic
pressure values are different, the changing trend of acoustic
pressure values are consistent with the leakage hole aperture.
In both cases, the acoustic pressure increases gradually with
the increase of leakage hole aperture, and the maximum
acoustic pressure value nearly appears between 14∼21 kHz.

It is therefore concluded that, under the condition of constant
pipeline interior and exterior pressure difference, the acoustic
pressure value on the axis below the leakage hole rises
gradually with the increase of leakage hole aperture, and the
results are consistent.
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(b) Leakage hole diameter of 0.15 mm
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(c) Leakage hole diameter of 0.2 mm
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(d) Leakage hole diameter of 0.235 mm

Fig. 9. Acoustic pressure spectrum diagrams of monitoring point 1 under different pore sizes and fluids with a pressure
difference of 3 MPa.

4.6 Working conditions
In order to study the influence of fluid type in the casing

on the acoustic field, two different fluid conditions of ideal air
and methane are considered, and the filling fluid in the annulus
is air. Monitoring point 1 is set on the pipe axis directly below
the leakage hole to measure the acoustic pressure value. The
comparison of the leakage acoustic pressure spectra of the two
working conditions at the measuring point is shown in Fig. 9.

As can be seen from Fig. 9, under the condition of constant
leakage hole diameter and pressure difference, the measured
acoustic pressure values on the axis below the leakage hole
have obvious variation between different fluids in the casing.
The value of difference is smaller when the leakage hole
diameter is small, and it rises with the increase of leakage hole
diameter. This suggests that the methane condition is more
sensitive to the change of leakage hole diameter than the ideal
air condition. Fluid noise is formed due to pressure or velocity
pulsation caused by fluid turbulent motion. For methane gas

and ideal air, the physical properties of the two are different:
considering the flow in the same casing model with the same
pressure difference between the interior and exterior of the
pipeline, both the turbulent motion situation and the resulting
pressure or velocity pulsations differ. It can be seen that, with
the change of fluid, the acoustic pressure diagram of leakage
condition also changes, and the change of the leakage hole
aperture has a more obvious effect for methane gas than for
air as a flow medium.

5. Conclusions
1) Under the leakage condition calculated, the changes of

flow field at the leakage hole are roughly the same. The
outlet velocity of the leakage hole is equal to the local
acoustic speed under the corresponding pressure within
the allowable error range, and it rises with the increase of
the pressure difference between the interior and exterior
of the pipe.
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2) Under the leakage condition calculated, the variation of
the acoustic field at the leakage hole is also consistent.
The acoustic pressure directly below the leakage hole
drops suddenly, while the acoustic pressure transmitted
from the leakage hole to both ends of the pipe gradually
drops.

3) According to the comparison of various working con-
ditions calculated, the acoustic pressure value directly
below the leakage hole increases with the rise of pres-
sure difference between the interior and exterior of the
pipeline, and it increases with the enlargement of leakage
hole aperture. Under different flow medium conditions,
the measured acoustic pressure values have obvious
differences, and they increase with the enlargement of
leakage hole diameter. It can be seen that the change of
leakage hole aperture has a more obvious effect under
methane than air medium.
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