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Optical fiber negative pressure wave pipeline leakage

monitoring system
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Abstract: Negative pressure wave signal caused by pipeline leakage and attenuation along the pipe was
relative to pipe length, working condition and leaking hole diameter. In order to solve the problems of
low precision and poor reliability in traditional monitoring methods, a negative pressure wave-based
pipeline leak monitoring method using optical fiber pressure sensors was proposed. According to the
propagation law of negative pressure wave in the pipeline, by increasing the density of sensors along the
pipeline, the signal attenuation would be reduced, and a clearer negative pressure wave falling inflection
information could be acquired. According to the leak difference in sensor section, a new adaptive method
based on leaking distance was proposed for calculating the velocity of negative pressure wave. Finally,
the optical fiber and traditional negative pressure wave leakage monitoring methods were analyzed
respectively, experimental results showed that the leakage location error of fiber optic monitoring method
was less than 1.6% when the leakage was 5% of the total pipeline transportation. Compared with

traditional monitoring method, fiber optic monitoring method could obtain higher sensitivity and
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positioning accuracy, has more broad application prospects.
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Fig.1 Leak detection principle!™!
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Fig.2 Negative pressure wave-based pipeline leak monitoring

system structure using optical fiber pressure sensors
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Fig.3 Flow-chart of pipeline leak detection system
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Tab.1 Pipeline leak test platform parameters
Pipe parameter Value
Diameter/mm 100
Length/m 112
Material Carbon steel

Wall thickness/mm 2
Leak hole diameter/mm 32(Adjustable)
Pressure range/MPa 0-0.4(Adjustable)

Water tank capacity/m 1x1.4x1.5
RGURMEMA 1 kHz K5 EE 1 pm,, 2GR I AR
IO T R RIBE R BDOLET R 4 8y, AR
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Fig.5 Pipeline experimental platform
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Fig.6 Different leaks generate negative pressure wave signal
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detects negative pressure wave signals
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Tab.2 Sensor monitoring negative pressure wave

signal inflection point

Sensor number 1 2 3 4 5

Inflection point/ms 4.110  4.088 4.066 4.043  4.034
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Tab.3 Leakage location error contrast

Leakage . Location  Distance  Location
. Detection method .
point distance/m  error/m error
Traditional method 97.0 2.0 1.95%
95:0m) Eiper method 9.2 1.2 1.17%
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Tab.4 Leakage location error contrast

Leakage . Location  Distance  Location
. Detection method .
point distance/m  error/m error
Traditional method 31.2 1.7 1.65%
(29:5M) " Eiper method 31.1 1.6 1.56%
b Traditional method 68.3 2.2 2.14%
(70.5m) Fiber method 69.1 1.4 1.36%
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