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Abstract 
n this essay, we present design and simulation of a Leakage detection and alocation of oil pipelines 
system using sensing the temperature distribution of optical fiber by COMSOL Multiphysics 
software. In this system, telecommunication single-mode optical fiber, 200 m typical length is used,  

in  1.55 μm electromagnetic wave. The proposed system, uses of  Brillouin frequency shift occurred on 
fiber optics caused by temperature varyation because of oil spillition.  High-sensitivity in detection and 
location of oil lekages, low cost and constant monitoring of oil pipelines are the main advantages of the 
proposed system. 
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1. Introduction 

Today, various fluid and gas transmission pipelines have important role in everyday life. Perhaps 
the most application of pipelines is transportation of oil and gas. In terms of environmental, any 
damage to these lines is very dangerous and economically costly. Given that these lines have been 
scattered in different areas of environmental risk. With various natural factors such as earthquakes, 
landslides and humanly intentionally or accidentally exposed that can disrupt the operation of the 
lines. Since the length of these lines to several hundred kilometers monitor these lines is very hard 
horse costs. Because the lines need to monitor the installation and commissioning of the thousands of 
sensors that supply these sensors will be more complex. So this method is relatively limited to some 
areas along the pipelines term and cannot be used .Current monitoring is a method used to current 
flow measurement in the beginning and end of the pipeline, that in method The occurrence of leaks 
can be discovered along the pipeline, but we do not give information on the location of the leak and 
find out the location of leakage according to the length of pipelines will be difficult and time consuming 
as well as costly. Another technique that is highly efficient and more interesting is the optical fiber 
temperature distribution based on Raman and Brillouin scattering [1]. So using continuous fiber optical 
sensors along the pipeline supervising the behavior of structural and functional lines with accurate 
measurement of physical and chemical parameters and high spatial resolution in thousands of places 
all along the lines might be a reasonable cost. As noted, the expansion of fiber optical distributed 
sensor technology is based on Raman and Brillouin scattering [1]. Both systems using a non-linear 
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interaction between light and matter silica that is the same fiber made, so they are completely 
different spectral characteristics. Figure 1 shows the scattered light in the optical fiber [3]. As we see, 
it can be noticed that the position of the peak frequency to conditions temperature and strain fiber 
which Brillouin scattering occurs is dependent, While the intensity of the Raman peak is only 
dependent on the temperature And it can be concluded measuring systems based on Brillouin rival are 
for based on Raman systems, But to measure strain based on Brillouin systems are unrivaled  

 

Figure 1. Schematic of a wavelength spectrum of scattered light, propagated in the optical fiber 

Raman scattering light caused by thermal molecular vibrations consequently light backward contain 
local heating information that where occurred the dispersion. Actually the frequency shift of the 
backward scattering of light has two components. They are Stokes and anti-Stokes component [2]. 
Amplitude of the anti-Stokes component is strongly dependent on temperature while the Stokes 
component is independent on temperature.  

So the Raman measurement method requires filtering to isolate the corresponding frequency 
components and also requires to record the ratio of anti-Stokes and Stokes in a range of temperature 
variation. Since the Raman backward scattering of light is very low, in order to maximize the intensity 
of the scattered light, guided multi-mode fiber with high numerical aperture is used [2]. Despite the 
relatively high fiber features Raman-based systems are limited to distance of 8 km [2].  

Brillouin scattering is because of the interaction between the propagated light signal and heat 
acoustic waves, in the range GHz in the silica fibers and also increasing of frequency shift components. 
Brillouin scattering can be seen in a grating generated by acoustic waves (Ordinary acoustic wave is a 
pressure wave, in which the refractive index modulation is introduced through the elasto-optic effect) 
[2]. Phonons excited acoustic waves, generate periodic modulation of the refractive index [4]. The 
most interesting aspect of Brillouin scattering are measuring the temperature and pressure dependent 
on frequency shift [4]. In general, multimode fibers based on Raman systems are doing well. But as 
previously mentioned, they are limited to 8 Km, while single-mode fiber based on Brillouin systems are 
used and the ability of long distance are over 50 Km. 
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[2. Simulation of Leak detection and location using COMSOL software  

This system, using Brillouin frequency shift, detects the changes in temperature. The temperature 
of optical fiber under the pipeline and below the surface of the earth, approximately 1 to 1.5 m, is 
nearly constant and equal to about 13 °C. On the other hand, the temperature of oil inside the pipelines 
under normal conditions is about 26 °C. Temperature of an optical fiber at the location of the leakage, 
is different from the temperature of the other parts of the fiber. Hence, due to temperature 
dependence of the Brillouin frequency shift, the location of the leakage is determined exactly. 

The value of Brillouin frequency shift, in an optical fiber is obtained according to equation (1) [5]: 

)1( 
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= 

where VB is the Brillouin frequency shift, n is the refractive index of the core of fiber, VA is the acoustic 
velocity waves and λ is the wavelength of the propagation wave into the optical fiber. The acoustic 
velocity in the optical fiber is calculated according to equation (2) [6]: 
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where K is the Slenderness ratio (bulk modulus) of fiber material and ρ is the density of the material. 
In our simulation, conventional telecom single-mode fibers SMF- 28 is used, that its velocity is equal 
to 5900 m/s. Figure 3. Shows the Brillouin frequency shift in the optical fiber. 

 

Figure 2. The value of Brillouin frequency shift in the Optical Fiber 

As we can see in Figure 2, the Brillouin frequency shift, in the optical fiber is equal to 11.039 GHz. This 
value of shift, is constant in the whole fiber length. Brillouin frequency shift caused by changing the 
refractive index of the optical fiber, is temperature dependent that is stated in equation (3) [7]. 
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where VB0 is the Brillouin frequency shift at a reference temperature T0 which is almost equal to 13 °C 
and CT is the frequency-temperature coefficient. The value of CT is determined by the fiber 
composition, laser wavelength, and additional fiber coatings and jacket. This parameter in our 
simulation, is 1.22 MHz/°C. 

Also equation (4) confirms the temperature dependence of the Brillouin frequency shift due to the 
Brillouin scattering mechanism [5]. 

)5( 0 0( ) ( )B B TV T V C T T= + − 

It can be used for temperature measurement. Considering that our reference temperature in the 
optical fiber lengths is 13 °C, we can calculate the amount of Brillouin frequency shift in any other 
temperature. The desired temperature is clearly shown in Figure 4. Its amount is equal to 11.2 GHz. 

 

Figure 3. Brillouin frequency shift at a temperature of 13 ° C  

In this stage, we have examined three leakages along the fiber in different places and temperatures. 
The first of leakage is placed at a distance of 20 meters with a temperature equal to 26 °C. The second 
is located at position 80 meters with 18 °C temperature and finally the third at position 190 meters 
with 43 °C temperature. The results are shown in Figure 5 and 6. Figure 5, shows different 
temperatures in the different position of the pipeline distance. Temperature dependence of the 
Brillouin frequency shift investigate in the Figure 6. As you can see in the first area due to the difference 
between the reference temperature and the temperature of 13 °C leak, Brillouin frequency shift is 
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about 16 MHz. For the leakages at points 2 and 3, the Brillouin frequency shift is 6 MHz and 36 MHZ 
respectively. 

 

Figure 4. Applying different temperatures along the optical fiber 

 

Figure 5. Brillouin frequency shift at different temperatures along the optical fiber 

CONCLUSION 
In this paper, we offered a system for detecting leaks in oil pipelines by using the COMSOL software. 

In this system, we observed that the Brillouin frequency of the optical fiber is linearly dependent on 
the temperature and any amount temperature increasing, the Brillouin frequency shift will be more 
shifted. As a result, using this property we can detect the oil pipelines leakage continuously with very 
reasonable cost and very high spatial resolution for detection and location. 
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