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Abstract— pipeline leakage causes great harm in industrial
production, and the detection of pipeline leakage has
important application value in industrial production.
Ultrasonic testing technology has a wide range of
applications in the field of industry, is one of the main means
of non-destructive testing. It is very difficult to distinguish
between human eyes and ears. Therefore, by using the
propagation characteristics and unidirectionality of
ultrasonic, non-destructive testing can be realized, and the
detection distance is wide, and the safety of personnel can be
guaranteed. In this paper, ANSYS software is used to
simulate different cases of pipeline leakage, mainly including
the relationship between leakage velocity and ultrasonic
frequency with different leakage aperture, different pressure
in the pipe, different spacing between two holes. The
simulation is of great significance for the field theory
research of pipeline leakage and the detection of pipeline
leakage.
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I. INTRODUCTION

Ultrasonic testing technology has a wide range of applications in
the industrial field, is one of the main means of nondestructive
testing[1]. It is very difficult to distinguish between human eyes
and ears. Therefore, by using the propagation characteristics and
unidirectionality of ultrasonic, non-destructive testing can be
realized, and the detection distance is wide, and the safety of
personnel can be guaranteed. Ultrasonic testing started in the
1930s, and was widely used in the 1940s. Firestone of the United
States introduced the pulse echo ultrasonic testing instrument for
the first time, which can accurately determine the location and
size of defects by using the reflection property of ultrasonic[2].
In the 1960s, ultrasonic detector improved the resolution,
sensitivity and linear function of amplifier, making ultrasonic
testing a reliable non-destructive testing method. However, due
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to its fixed frequency response and wide frequency range, it has
low signal-to-noise ratio and poor adaptability to the
environment[3]. The traditional analog ultrasonic detection
system is very inconvenient to use because it is inconvenient to
record data and has no image, which restricts the development of
ultrasonic detection. The digital ultrasonic detector can integrate
image and intelligent processing, which simplifies the detection
steps more humanized[4]. Foreign countries began to study
pipeline leakage systematically in the 1970s, and produced
different types of products in the 1980s. In recent years, foreign
research achievements on high-pressure pipeline leakage mainly
include infrared imaging, distributed optical fiber sensor,
olfactory sensor detection, statistical detection, neural network
and other technologies. At present, the more advanced detection
products based on different principles are designed by the
company, Ateq company of France, Uson and InterTech
company of the United States, Florish company of Germany,
Microctrol company of Italy, etc., and their respective gas
leakage detection technologies have become mature[5]. Since
the 1980s, with the rapid development of modern
microelectronics and computer technology, ultrasonic
nondestructive testing instrument has been developing in the
direction of intelligence, miniaturization and digitization. At
present, the representative ultrasonic detectors include SDT
series of SDT company in Belgium, Ultraprobe series of UE
company in the United States, LKS series of Leakshooter
company in France. The effective distance can reach 20m, the
minimum detection aperture can reach 0. 1mm (depending on the
pressure), the maximum sensitivity can be adjusted to 110dB,
and the frequency response range can be improved20-100khz
adjustable. Leakshooter 1000 can realize visual detection and
directly display the location of leakage source on the display
screen[6].

II. THE ESTABLISHEMENT OF THE MODEL WITH
SINGLE HOLE

The gas in the pipeline may leak in the process of transportation
or transportation, which may form jet injection. We can simulate
it. Using ANSYS Workbench simulation software, we can more
vividly express and analyze the structure of jet injection, and
deepen the understanding of the relevant data of gas jet at the
hole leakage.

\The rectangular coordinate system is adopted, and the coupling
algorithm of flow velocity and pressure is used to solve the
problem. The grid is divided as follows: the calculation model
diagram of single hole pipeline leakage, and the size is shown in
the figure. The simulated areas are as follows.

Fig. 1 leakage single hole model

In the mesh generation of the model, the square partition unit is
used. Because of its regular structure, convenient calculation,
and fine mesh of the jet area, the jet area at the leakage of the
pipe aperture can be more accurately simulated. It is assumed
that the gas in the pipeline is ejected from the left side to the right
space at high speed through the small hole, that is to simulate the
actual situation when the gas in the pipeline leaks into the outside
air. Therefore, the boundary type set in the left space is inlet, and
the boundary type set in the right is outlet

(outlet), the diameter of the leakage hole is 4mm x 1mm.

When the pressure inside the pipeline is 0. 18mpa and the
pressure outside the pipeline is 0. 1MPa, the velocity vector
distribution of the leakage flow field in the pipeline is as follows:
the left is the axial velocity distribution, and the right is the radial
velocity distribution

It can be seen from the figure that in the jet flow field, the
maximum axial velocity can reach 300m /s, which is far greater
than the radial velocity. Therefore, the axial velocity plays a
dominant role in the jet flow field and plays a major role in the
propagation disturbance of sound wave, which is also the main
research object.

Fig. 2 Schematic diagram of gas leakage[7]

In the figure, the exit velocity of the nozzle is the largest, and
momentum exchange occurs between the jet and the surrounding
static medium, which makes the static medium in the
surrounding space continuously flow into the jet boundary layer,
which is also the place where the jet sound source is most
concentrated. When a large amount of medium enters the jet, the
jet velocity decreases gradually and the jet area increases
gradually. The uniform jet shear layer decays and diffuses along
the axial direction downstream.
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1. THE INFLUENCE OF LEAKAGE PORE DIAMETER

ON THE FLOW FIELD

The inlet pressure is 0. 2MPa, the temperature is 300K, and the
outlet pressure is 0. 1MPa. The models of leakage apertured =1,
2, 3, 4, 5mm are established to simulate the distribution of flow
field under different leakage diameters[8]

It can be seen from the flow field diagram that the leakage
velocity varies with the diameter of the leakage hole. The
following figure shows the relation curve between leakage
aperture D and maximum leakage velocity Vmax.
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Fig. 3 Relationship between leakage aperture and leakage velocity

It can be concluded from the results that with the increase of the
leakage hole diameter, the maximum leakage velocity changes
little, but in a small speed range, the velocity shows a regular
increasing trend, that is, the larger the leakage hole diameter is,
the larger the maximum leakage velocity is; on the contrary, the
smaller the hole diameter is, the smaller the maximum leakage
velocity is [9].

The leakage calculation model of double hole pipeline is shown
in the figure. The simulated areas are as follows

Fig.4 double hole gas leakage model
The influence of different leakage pore spacing on the flow
field of pipeline is analyzed [10].
When the inlet pressure is 0. 15pa, the temperature is 300K, and
the outlet pressure is 0. 1MPa, the models with the spacing of
leakage holes L = 6, 8, 10, 12mm are established to simulate the
distribution of flow field under different spacing of leakage holes

L = 6mm

L =12mm
Fig.5 gas leakage velocity at different aperture distances

It can be seen from the comparison of the above figures that the
leakage flow field velocity of the pipeline basically does not
change with the leakage hole spacing L under the same working
conditions[11].

The following figure shows the relation curve between leakage
hole spacing L and maximum leakage velocity Vmax
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Fig. 6 relationship between two hole spacing and leakage velocity

It can be seen from the figure that the maximum leakage
velocity changes little with the increase of the leakage hole
spacing, but in a small speed range, the velocity shows a
regular decreasing trend, that is, the larger the leakage hole
spacing is, the smaller the maximum leakage velocity is; on
the contrary, the smaller the two holes spacing is, the greater
the maximum leakage velocity is[12].

V. THE INFLUENCE OF INTERNAL PRESSURE

ON FLOW FIELD OF PIPELINE

The model of D = 2mm is selected for simulation. The
constant downstream outlet pressure is 0. 1MPa, the outlet
temperature is 300K, the medium is ideal gas, and the
upstream inlet pressure PA is set as 0. 15Mpa, 0. 20mpa, 0.
25MPa, 0.30MPa, and 0.35MPa to study the influence of the
left inner pressure on the flow field.

The following figure shows the comparison of the leakage
flow field of the pipeline under different internal pressure
when the diameter of the leakage double hole is d = 2mm

Pa=0.15Mpa

Pa=0.20Mpa

Pa=0.25Mpa

Pa=0.30Mpa

Pa=0.35Mpa

Fig. 7 gas leakage velocity under different internal pressure

It can be seen from the above figure that the change of internal
pressure in the left pipe has little effect on the leakage jet velocity.
With the increase of upstream pressure, the pressure difference
between inside and outside the pipe increases gradually, and the
velocity at the leakage pore fluctuates slightly.

The following figure shows the relationship curve between the
internal pressure and the maximum leakage velocity under the
condition that the diameter of double leakage holes is d = 2mm
and the spacing is L = 10mm.
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Fig. 8 relationship between internal pressure and gas leakage rate

It can be seen from the figure that the maximum leakage velocity
fluctuates little with the increase of pressure. It can be seen that
the pressure inside the pipeline has little effect on the maximum
leakage velocity at the leakage hole. Acoustic field and ultrasonic
frequency under different internal pressure

Choosing d = 2mm, the field and power spectral density are
simulated under different pipe pressure, and the downstream
outlet pressure is constant at 0.

The medium is ideal gas, the upstream pressure is 0.15Mpa,
0.20MPa, 0.25MPa, 0.30mpa, 0. 35Mpa respectively, to study
the influence of the left pipe pressure on the sound field.
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Fig. 12 The influence of internal pressure on flow field of pipeline
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Fig. 13 relationship between internal pressure and center frequency

V. CONCLUSION

In this paper, ANSYS fluent is used to simulate the pipeline
leakage, and the effects of internal pressure, leakage aperture and
hole spacing on the leakage sound field, flow field and leakage
P=0.017MPa velocity are simulated. The main achievements are as follows:
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(1) The two-dimensional model of the pipeline is built by using
ANSYS Workbench. The boundary type set on the left side is
inlet, and the boundary type set on the right side is outlet. The
diameter of the leakage hole is 4mm x 1mm.

(2) In the case of single hole, the change of gas leakage velocity
at different pore sizes of 1 mm, 2 mm, 3 mm, 4 mm and 5 mm,
and the gas leakage velocity at different pipeline pressures
(0.15MPa, 0.20MPa, 0.25MPa, 0.30MPa, 0.35MPa and
0.40MPa).

(3) In the case of two holes, the leakage gas velocity and the
center frequency of the ultrasonic signal generated by different
gap spacing and different internal pressure.
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