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Abstract 

When small hole leakage occurs in gas pipelines, due to soil cover, it cannot be found in 
time and intuitively, which is prone to safety hazards. In order to solve the monitoring 
problem of small hole leakage of buried pipelines, it is necessary to conduct real-time 
detection of buried pipelines, so as to find and deal with leakage problems more quickly 
and avoid accidents and disasters. Simulation of leakage detection of buried pipeline by 
optical fiber based on ANSYS FLUENT software. The leakage state of natural gas pipeline 
with different leakage pore size, soil porosity and fiber location was studied, and the 
temperature distribution of natural gas in soil and the temperature change of fiber 
location with time were simulated. The results show that the larger the leakage aperture 
of the pipeline, the faster the diffusion speed of the leakage temperature, and the higher 
the ambient temperature of the surrounding soil, the shorter the temperature change 
time of the optical fiber detection. The larger the pipeline leakage pressure is, the wider 
the high temperature annular zone formed by the friction between the diffusion natural 
gas and the viscous resistance and inertial resistance in the soil is, and the more obvious 
the temperature change is. 
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1. Introduction 

The improvement of urban gas facilities has brought convenience to people, but there are also 
some security risks, and even lead to serious safety accidents. Most gas accidents are due to 
pipeline leakage, especially buried pipeline leakage. Buried pipeline due to long-term corrosion 
and other reasons can lead to leakage but not easily found by people, easy to cause leakage gas 
gathering underground pressure increases, prone to explosion[1]. Urban underground pipeline 
network system is complex and distributed with various purposes. Explosion may not only 
induce the chain reaction of pipeline network, but also cause the paralysis of underground 
pipeline network, affect the use of facilities and equipment throughout the city and bring 
inconvenience to people 's lives. More importantly, the explosion of a large number of leaked 
natural gas in densely populated urban areas is highly likely to cause major gas accidents and 
endanger the safety of people 's lives and property. 

Therefore, when the buried pipeline leaks, how to quickly detect pipeline leakage, in the early 
stage of leakage to prevent the spread of leakage, to protect the safety of people 's lives and 
property is critical. Based on the mechanism of optical fiber temperature measurement, ANSYS 
FLUENT software is used to simulate the leakage of buried natural gas pipeline detected by 
optical fiber temperature sensor. The leakage situation under different working conditions is 
simulated by software, and the calculation data are compared and analyzed. The optimal 
placement position and distance of optical fiber temperature sensor for detecting leakage of 
buried natural gas pipeline under different working conditions are studied[2]. 
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2. Theoretical Basis of Pipeline Leakage Diffusion 

2.1. Fiber optic monitoring pipeline leakage 

For buried natural gas pipelines, due to the natural gas temperature and pressure inside the 
pipeline[3], the temperature inside the pipeline is different from the surrounding soil 
temperature. When the pipeline leaks, natural gas will rapidly diffuse from the leakage port to 
the surrounding soil, and its temperature will also diffuse to the surrounding soil for heat 
exchange. Moreover, due to the viscous resistance and inertial resistance of the surrounding 
soil, the natural gas will rub with the surrounding soil to increase the temperature. Due to the 
temperature effect of Raman scattering in optical fiber temperature sensing, there is a certain 
relationship between the intensity of reflected light in optical fiber and the temperature at the 
reflection point[4]. The temperature change can be measured through this relationship, so the 
temperature change of soil environment around the pipeline can be detected by optical fiber 
temperature sensing, so as to detect whether the pipeline leaks and determine the approximate 
location of the leak. 

2.2. Leakage diffusion model of buried natural gas pipeline 

Buried natural gas pipeline due to soil corrosion and other reasons will form small holes, 
resulting in perforation leakage[5]. In general, corrosion and other causes of small hole leakage 
are mostly round holes, common perforation diameter is less than 10 mm . When the small hole 
leakage occurs in the buried pipeline, it is difficult to find the pipeline leakage due to the small 
leakage diameter and the buried pipeline. Therefore, the small hole leakage often lasts for a 
long time, and its potential risk is large. Since the leakage rate of the keyhole is very fast, it can 
be ignored when heat exchange occurs to the surrounding external environment, so it can be 
regarded as an adiabatic process. For the more common calculation of gas leakage intensity, it 
is derived from the Bernoulli equation. When the pipeline leaks, the gas leakage intensity is 
related to the flow state of the gas. The flow state of gas is related to its leakage rate. When the 
velocity of gas leakage flow is acoustic velocity, it is in the critical flow state, and when the 
velocity of gas leakage flow is subsonic velocity, it is in the subcritical flow state. The critical 
pressure ratio can be used to judge the two states : 
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In this formula 

β——critical pressure ratio 

0p ——absolute environmental pressure，Pa 

cp ——critical pressure of leakage gas，Pa 

k——adiabatic exponent 
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When the gas is in the critical flow state at the leakage port, 
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In this formula 

mQ ——intensity of gas leakage 

gc ——gas leakage coefficient 

A——leakage area，m2 

1p ——absolute pressure of gas in vessel，Pa  

M——molar mass of gas，kg/mol  

Z——compressibility factor 

R——molar gas constant，8.314 ( )KJ •mol/  

1T ——gas temperature in the container ，K 

3. Numerical calculation of leakage of buried natural gas pipeline 

This paper mainly studies the optimization test of the distance between the optical fiber sensor 
and the pipeline[6]. It mainly discusses the influence of the distance and position of the optical 
fiber relative to the pipeline on the detection during the detection of pipeline leakage, and 
obtains the optimal position of the optical fiber relative to the pipeline[7]. Therefore, in the 
numerical calculation of the leakage of buried natural gas pipeline, the temperature change of 
the leakage port is mainly calculated. For such complex calculations, computational fluid 
dynamics is usually used for calculation and analysis.ANSYS FLUENT is currently the most 
powerful computational fluid dynamics ( CFD ) software tool available. The software can 
simulate and calculate various problems of fluid mechanics, and analyze the calculation data to 
solve the problems in practical engineering. ANSYS FLUENT software contains workbench 
software, which integrates most of ANSYS software and can directly conduct CFD calculation 
and analysis of the research object in workbench. 

3.1. Establishment of physical model 

This paper studies the optimization of leakage distance of buried pipeline in natural gas 
detection, assuming that the natural gas pipeline is buried at 1.5 m underground, and the 
leakage ports are located above the pipeline, left and right sides and bottom[8]. The soil-pipeline 
section is shown in Figure 1, the four optical fiber coordinates are ( 0,100 ), ( 0,200 ), ( -
100,100 ), ( 100,100 ), and the coordinate unit is millimeter. 

 According to the actual engineering situation of buried pipelines, this paper mainly simulates 
the leakage and diffusion of pipeline with diameter of 212 mm. The variation of temperature in 
soil with time after leakage of buried natural gas pipeline was studied under different leakage 
diameters, pipeline pressures and soil porosity[8]. According to the analysis of the physical 
model, the geometric model of the physical model is established : the soil-pipeline cross-section 
model of pipeline leakage is established in the two-dimensional plane, and the pipeline 
diameter is 212 mm. The calculation domain of the geometric model is calculated in the two-
dimensional square with the leakage space of 2900 mm long and 2400 mm high. 
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Fig. 1. Leakage diagram of natural gas detection pipeline 

3.2. Calculation Model Selection 

During the leakage process of buried natural gas pipeline, the temperature around the pipeline 
will change and there is heat transfer, so energy equation is needed. Natural gas will be mixed 
with air in the process of leakage and diffusion, and its gas composition will change. When 
defining the mixed material, most of the components in natural gas are methane, so methane-
air is selected. 

In the pipeline leakage diffusion, the gas flow is in a turbulent state, and the turbulence model 
is needed. The model is divided into Standard k-epsilon model, RNG k-epsilon model and 
Realizable k-epsilon model[9]. The standard k-epsilon model assumes that the flow is 
completely turbulent, and the influence of molecular viscosity can be ignored, which is only 
suitable for the flow process simulation of completely turbulent flow. Based on the standard k-
epsilon model, RNG k-epsilon model provides an analytical formula considering the flow 
viscosity at low Reynolds number, which is more applicable. Realizable k-epsilon model for 
rotational flow, boundary layer flow with strong pressure gradient, flow separation and 
secondary flow. Based on the analysis of three turbulence models, Standard k-epsilon model is 
chosen. 

3.3. Boundary condition setting 

In Fluent numerical simulation software, it is necessary to define the named boundary 
conditions and set relevant parameters to obtain accurate simulation results[10]. The inlet 
boundary condition of this subject is pressure inlet, and the pressure is set. The initial standard 
pressure is atmospheric pressure 101325 Pa. The total pressure of the pipeline is used to study 
the pressure variable of the pipeline. It is assumed that the total temperature of methane in the 
pipeline is 40 C °, and the methane concentration at the inlet is 1. The outlet boundary condition 
is the pressure outlet, and the total reflux temperature is 15 °C. The initial standard pressure is 
101325 Pa, and the methane concentration is 0. Wall wall set to wall, no gas flux. 

3.4. Soil porosity setting 

uried gas pipelines are surrounded by soil. When leakage occurs, the diffusion state of buried 
gas pipelines is affected by soil properties. Porosity is a common factor representing soil 
properties, and it is a physical quantity reflecting the gap between soil particles and the degree 
of tightness. Soil porosity will affect the viscous resistance and inertial resistance in the porous 
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media model. Therefore, soil porosity has a great influence on leakage diffusion. In general, the 
relevant parameters of porous media of various soils are shown in the following table : 0.3, 0.4 
and 0.5 porosity are selected for study by analyzing this topic. 

Table 1 Relevant parameters of various soil porous media 

soil density 
specificheat 

capacity 
thermal 

conductivity 
porosity 

- 1540kg/m3 2180J/(kg·K) 1.5W/(m·K) 0.43 

sand 1948 - 1.211 0.45 

black soil 2650 - 1.472 0.45 

dense clay 
( water content 

15 % ) 
1925 2000 1.4-1.9 0.33-0.55 

dense clay 
( water content 

5 % ) 
1925 2180 1.0-1.4 0.33-0.55 

light clay ( water 
content 15 % ) 

1285 - 0.7-1.0 0.33-0.55 

dense sandy soil 
( water content 

15 % ) 
1925 - 2.8-3.8 0.33-0.55 

dense sandy soil 
( water content 

5 % ) 
1925 - 2.1-2.3 0.33-0.55 

light sandy soil 
( water content 

15 % ) 
1285 1965 1.0-2.1 0.33-0.55 

coarse gravel soil 1600 1645 1.8 0.35 

 

4. FLUENT numerical simulation results analysis 

4.1. Influence of leakage aperture on pipeline leakage detection 

In this paper, when the pipeline pressure is 4Mpa and the soil porosity is 0.55, the leakage 
aperture is5mm, 7mm and9mm respectively. The simulation results of temperature change are 
as follows. 

( 1 ) When the leakage aperture is 5mm, the simulation is carried out by fluent software, and 
the simulation temperature change results and the temperature change results of each optical 
fiber monitoring point are as follows. 
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Fig 2 Simulation temperature diagram of 5mm aperture 

 
Fig 3 Comparison of monitoring points with 5mm aperture 

Fig. 2 describes the change of the leakage temperature in the soil when the pipeline leakage 
aperture is 5 mm. It can be seen from the figure that the temperature in the near area above the 
leakage port is low, and the temperature rises to a certain peak with the rise of the vertical 
distance. Due to the diffusion of natural gas in the soil and the friction with its viscous resistance 
and inertial resistance, there is a ring temperature band with high temperature in the ambient 
temperature near the leakage port. In the ring temperature band, except for a small part of the 
area above the leakage port, the ambient temperature of the soil in other regions is the same as 
that outside the ring temperature band. 

Fig. 3 describes the temperature changes detected at each monitoring point after the pipeline 
leakage. It can be seen that the temperature change is the fastest monitored by the optical fiber 
monitoring point from the leakage port coordinates ( 0,100 ). The temperature rises to 112 °C 
at 280 seconds, and then gradually decreases and tends to balance with time. The optical fiber 
monitoring point at the distance from the leak coordinates ( 0,200 ) monitored the temperature 
change at the slowest pace, rising to the peak at 680 seconds and decreasing to the equilibrium 
position over time. Due to the Joule Thompson effect, the equilibrium temperature is lower than 
the initial temperature. Two symmetrical optical fiber monitoring points ( − 100, 100 ) and 
( 100, 100 ) away from the leakage port have the same monitoring time of temperature change, 
which is 600 seconds. 

( 2 ) When the leakage aperture is 7 mm, it is simulated by fluent software. The simulated 
temperature change results and the temperature change results of each optical fiber 
monitoring point are shown in the following figure. 
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Fig. 4 Simulation temperature diagram of leakage aperture of 7 mm 

 
Fig 5 Comparison of monitoring points with leakage aperture of 7mm 

Fig. 4 describes the temperature change of leakage when the leakage aperture is 7 mm, which 
is similar to the temperature change in Fig. 2. However, the high-temperature annular zone is 
larger, and the temperature above the leakage port is still gradually increasing and reaches its 
peak. As shown in Fig. 5, the temperature change was quickly detected at the monitoring points 
away from the leakage port coordinate ( 0, 100 ), reaching the peak value of 104 °C in 200 
seconds. The two monitoring points in ( − 100, 100 ) and ( 100, 100 ) coordinates were still 
roughly the same, reaching the peak time of 460 seconds. The reaction speed of monitoring 
points in ( 0, 200 ) coordinates was still the slowest, and the minimum peak temperature was 
64 °C. The temperature of each monitoring point dropped to the equilibrium temperature after 
reaching the peak. 

( 3 ) When the leakage aperture is 9 mm, it is simulated by fluent software. The simulated 
temperature change results and the temperature change results of each monitoring point are 
shown in the following figure. 
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Fig 6 Simulation temperature diagram of 9mm aperture 

 
Fig 7 Comparison of monitoring points with 9mm aperture 

As shown in Figs 6 and 7, the high temperature annular band is further expanded, and the 
annular band width is gradually widened. The monitoring points with coordinates of ( 0, 100 ) 
still quickly monitored the temperature change, and the peak time was about 200 seconds, and 
the peak was 116 °C. The temperature change time monitored by the three monitoring points 
at other positions was similar, and the peak time was basically the same as the peak 
temperature. Due to the Joule-Thomson effect, the equilibrium temperature was far lower than 
the initial temperature, and the equilibrium temperature of the temperature drop of the 
monitoring points with coordinates of ( 0, 100 ) was lower than that of the other three 
monitoring points. 

4.2. Leakage Analysis of Soil Porosity 

( 1 ) When the soil porosity is 0.33, it is simulated by fluent software. The simulated 
temperature change results and the temperature change results of each optical fiber 
monitoring point are shown in the following figure. 
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Fig. 8 Simulation temperature chart when soil porosity is 0.3 

 
Fig. 9 Comparison of monitoring points when soil porosity was 0.3 

As shown in Fig. 8, when the soil porosity is 0.3, the pipeline leaks, and the diffused natural gas 
will rub with the viscous resistance and inertial resistance in the soil. There is a ring zone with 
high temperature around the pipeline leakage port, and its temperature tends to be the highest 
throughout, and there is a sign of diffusion to the pipeline side. There is a temperature column 
at the mouth of the pipeline with the temperature rising with the height. The maximum 
temperature is basically the same as the temperature in the annular zone. The soil temperature 
around the pipeline is also increased due to the leakage of the pipeline. 

In Fig. 9, when the pipeline leaks, the monitoring points in ( 0, 100 ) coordinates quickly monitor 
the temperature change of leakage, and reach the peak temperature of 108 °C in 320 seconds. 
The reaction time of monitoring points in ( − 100, 100 ) and ( 100, 100 ) coordinates to 
temperature is basically the same, and both reach the peak temperature in 720 seconds. ( 0,200 ) 
The reaction time of coordinate monitoring points to temperature is the slowest, reaching the 
peak temperature for 840 seconds. After reaching the peak temperature, the four monitoring 
points all fell to the same equilibrium temperature. Due to the Joule Thompson effect, the 
equilibrium temperature was lower than the initial temperature. 

( 2 ) When the soil porosity is 0.4, it is simulated by fluent software. The simulated temperature 
change results and the temperature change results of each optical fiber monitoring point are 
shown in the following figure. 
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Fig. 10 Simulation temperature diagram of soil porosity of 0.4 

 

 
Fig. 11 Comparison of monitoring points when soil porosity was 0.4 

When the soil porosity is 0.4, the diffused natural gas rubs with the viscous resistance and 
inertial resistance in the soil, and the high-temperature annular band formed around the 
leakage port widens, and the surrounding soil temperature increases. The high-temperature 
annular band shows signs of diffusing temperature to the surrounding soil temperature. 

As shown in Figure 11, the peak time of coordinates ( 0,100 ) is 280 seconds, and the peak 
temperature is 112 °C in the four monitoring points. The shortest overall temperature change 
time is 480 seconds. The peak temperature time of two symmetrical coordinates is 640 seconds. 
The peak time of coordinates ( 0,200 ) is the latest, 760 seconds, and the overall temperature 
change time is 1200 seconds. 

( 3 ) When the soil porosity is 0.5, the simulation calculation is carried out by fluent software. 
The simulated temperature change results and the temperature change results of each optical 
fiber monitoring point are shown in the following figure. 
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Fig. 12 Simulation temperature diagram of soil porosity of 0.5 

 
Fig. 13 Comparison of monitoring points when soil porosity is 0.5 

When the soil porosity is 0.5, the high temperature annular zone formed above the pipeline 
leaks is wider and wider than when the soil porosity is 0.4 and 0.33, and spreads to the side of 
the pipeline. And there are signs of temperature diffusion to both sides of the environment. The 
surrounding soil temperature is higher than the soil porosity of 0.4, 0.33. 

When the pipeline leaks, the time for the temperature of the coordinate ( 0, 100 ) monitoring 
point to reach the peak temperature is 240 seconds, and the peak temperature is 108 °C. The 
time for the temperature of the two symmetric coordinate monitoring points to reach the peak 
is 520 seconds, and the time for the temperature of the monitoring point in the coordinate ( 0, 
200 ) to reach the peak is 640 seconds. The reaction time for temperature change is the slowest, 
and the temperature change process time is the longest. 

4.3. Influence of different leakage position of pipeline 

The detection point above the pipeline leakage, in the detection of pipeline leakage under 
different conditions, the monitoring point ( 0,100 ) can quickly monitor the temperature change 
of pipeline leakage. Therefore, in the simulation of other leakage locations of the pipeline, the 
monitoring point ( 0,100 ) is used to monitor the temperature change. The results are as follows： 
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Figure 14 Leakage monitoring of different pipeline locations 

As shown in the figure, when the position above the pipeline leaks, the monitoring point has 
the longest time to detect the temperature change, and the longest time to drop to the 
equilibrium temperature after reaching the peak temperature. When the leakage occurs at the 
side of the pipeline and below the pipeline, there is little difference in the time when the 
temperature changes are monitored by the optical fiber monitoring point, and the time when 
the temperature decreases to the equilibrium temperature after reaching the peak is basically 
the same. 

5. Conclusion 

In FLUENT software, the monitoring point is used to replace the optical fiber to detect pipeline 
leakage. Through the temperature change of the monitoring point after the pipeline leakage, 
the temperature change of the pipeline leakage detected by the optical fiber is reflected, so as 
to explore the optimization of the optical fiber placement position. Through FLUENT numerical 
simulation, the temperature simulation values of monitoring points were obtained under 
different leakage apertures, different soil porosity and different leakage positions. The 
following results can be obtained through this research : 

( 1 ) Under the same leakage aperture, the pipeline hole leakage will form a high temperature 
annular band, and its area increases with the increase of pipeline leakage aperture ; the soil 
around the pipeline will rise due to the temperature diffusion after the leakage, and the smaller 
the leakage aperture, the higher the soil temperature around the pipeline . 

( 2 ) In the optical fiber leakage detection, the nearest monitoring point ( 0,100 ) from the 
leakage port in the four detection points detects the leakage temperature most rapidly, and the 
larger the leakage aperture, the faster the detection. Therefore, for the pipeline with smaller 
leakage aperture, the leakage detection speed of the fiber is also slower, and the peak 
temperature of the fiber monitoring point has little correlation with the porosity of the soil. 

( 3 ) In the case of leakage at different locations of the pipeline, it takes longer time for the 
optical fiber monitoring point ( 0, 100 ) to monitor the leakage temperature change above the 
pipeline than the monitoring of the leakage temperature change below and at the side of the 
pipeline. Therefore, the optical fiber monitoring point ( 0, 100 ) above the pipeline is the optimal 
position for monitoring the leakage of the entire pipeline. 
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