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FIG. 1

(57) Abstract: Acoustic system for leak detection. The system includes a disk-shaped probe for insertion into fluid flowing within a
pipe. The probe has a convex front surface facing in the flow direction and a substantially flat rear surface. The probe further in -
cludes wheels to engage a pipe wall to maintain the probe's orientation within the pipe. At least one pressure sensor is embedded in
the probe and is responsive to pressure changes resulting from a leak in the pipe wall. Data collection circuitry is disposed in the
probe to receive probe location data and to receive an acoustic signal from the pressure sensor from which the pressure and location
of a leak may be determined.
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ACOUSTIC PROBE FOR LEAK DETECTION IN WATER PIPELINES

Priority Information

This application claims priority to U.S. Utility Application Serial No. 13/412,718,
filed on March 6, 2012 and to U.S. Provisional Application Serial No. 61/485675 filed on

May 13, 2011, the contents of which are incorporated herein by reference.

Background of the Invention

This invention relates to leak detection and more particularly to an acoustic probe for

traversing the inside of a pipe to monitor an acoustic signal indicating a leak.

Water leaks from underground water pipelines result in loss of revenue and present

the potential for causing hazardous conditions. The locations of such leaks are sometimes

very difficult to pinpoint.

It is common practice to install water pipelines underground. In this case, when a
leak occurs, the actual location of the leak is not visible. Given the substantial costs
associated with excavation of the ground surrounding a leaking underground water pipeline,
it is critical that the locations of such leaks be readily specified to minimize the extent of any
excavations that may be required and to avoid unnecessary excavations so as to limit the

amount of labor and time required to locate the leak.

Water flowing in pipelines is under pressure due to pumping. When a pipeline leaks,
it causes a pressure drop and thereafter a pressure fluctuation occurs that sends an acoustical

signal in both the upstream and downstream directions in the pipe.

Acoustic methods of leak detection have been used by many practicing engineers.
Water leaking from underground pipes under pressure typically produces acoustic vibrations
with a frequency in the range of about 40 Hz to about 4,000 Hz, i.e., all frequencies that are
within the human hearing domain that extends from approximately 20 Hz to 20,000 Hz.
Prior acoustic methods used geophones or hydrophones to pick up the sound coming from a
leak. When geophones or hydrophones are used both upstream and downstream of the leak,
the cross-correlogram of the two signals provides a measure of the distance of the leak from

each of the two measuring points and, thus, the location of the leak may be determined by
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calculations. Background noise levels and acoustic damping due to the surrounding soil have

been major problems causing limited utility of acoustic methods employing signal correlation

techniques.

Ultrasonic methods of leak detection are also known in the prior art. In the case of an
ultrasonic method, a wave is sent into the pipe walls and the transmitted/reflected ultrasound
wave is detected. A major disadvantage of using ultrasound is that the inspection is limited
to the short lengths of the pipe at which the ultrasound is directed. Therefore, the inspection

of a long pipe or a pipeline network would take a major testing effort.

The disadvantages of the above-mentioned methods of leak detection have recently
led to a proposal of having probes traveling inside a pipeline network wherein a probe can be
inserted into a pipeline and then travel with the water flow while collecting information about
leaks over many miles of pipeline with a single deployment [1]. Numbers in brackets refer to
the references listed herein. The contents of all of these references are incorporated herein by

reference in their entirety.

When the pipeline is made of a “lossy” material (such as PVC), which is quite
common in recently established water networks, the acoustic signal generated by the leak is
quickly attenuated in the walls of the pipe, thereby making it difficult to detect the signal if a
moving probe is not close enough to a defective wall. It has been found that the acoustic
signals in plastic/PVC pipes are greatly attenuated [2-5], and leak detection becomes more

difficult.

it is an object of the present invention, therefore, to provide internal leak detection
that is capable of detecting a low-amplitude acoustic signal resulting from a leak at an early

stage in the onset of the leak.

Summary of the Invention

In a first aspect, the invention is an acoustic system for leak detection including a
disk-shaped probe for insertion into fluid flowing within a pipe, the probe having a convex
front surface facing in the flow direction and a substantially flat rear surface. The probe
includes wheels to engage the pipe wall to maintain the probe’s orientation within the pipe.
At least one pressure sensor is embedded in the probe responsive to pressure changes

resulting from a leak in the pipe wall. Data collection circuitry is disposed in the probe to
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3
receive probe location data and to receive the acoustic signal from the pressure sensor from

which the presence and location of a leak may be determined. In a preferred embodiment, the

probe further includes wireless communication means for transmitting the probe location and

the acoustic signal to a receiver.

In another preferred embodiment, the probe includes three double wheels for
maintaining the probe’s orientation. It is preferred that the wheels be offset from the pressure
sensor so that flow disturbances caused by the wheels do not substantially afiect the pressure
sensor. It is also preferred that the double wheels be made of a lossy material and are

connected by a curved structure.

In yet another aspect of the invention, the acoustic system includes a first disk-shaped
probe having a convéx front surface and a substantially flat rear surface, the first probe
having at least one pressure sensor embedded therein. A second disk-shaped probe is spaced
apart from, and connected to, the first probe, the second probe including data collection

and/or communication circuitry responsive to the location of the probes and to the pressure

Sensor.

Thus, the system of the invention maintains the probe near a leak in a pipe wall that

can be monitored acoustically.

Brief Description of the Drawing

Fig. 1 is a schematic illustration of an embodiment of the invention disclosed herein.
Fig. 2 includes side, isometric and top views of the embodiment shown in Fig. 1.
Fig. 3 is a schematic illustration of the curved structure connecting a pair of wheels.

Fig. 4 is a schematic illustration of a second embodiment of the invention employing two

disk-shaped acoustic probes.

Fig. 5 is a schematic illustration of another embodiment of the invention.
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Description of the Preferred Embodiment

With reference first to Fig. 1 an acoustic probe 10 has a convex front surface 12 and a
substantially flat rear surface 14. This configuration is designed so that the probe 10 is driven
by the fluid flow at much the same speed of water flowing in a pipe 16. The probe 10
includes an acoustic or pressure sensor 18 that communicates with circuitry 20 that responds
to signals from the acoustic or pressure sensor 18, The circuitry 20 either records the
acoustic signal or transmits the signal wirelessly to a remote receiver. With reference now to
Figs. 1 and 2, the probe 10 includes wheels 22 that are arranged in pairs connected by a
curved structure 24. The wheels 22 are placed away from the acoustic sensor 18 to minimize
any disturbances that may be produced by fluid flow around the wheels 22. It is preferred

that there be a minimum of three wheel sets 22 to provide for stability.

Those of ordinary skill in the art will recognize that two types of data need to be
collected by the probe 10. First of all, the distance moved by the probe needs to be monitored
s0 that the location of the probe when it encounters a [eak can be determined. [ocation of the
probe 10 in the pipe 16 can readily be determined by monitoring the number of wheel
rotations of the wheels 22. This information is also stored in the circuitry 20 along with the
acoustic signal from the acoustic sensor 18 that responds to acoustic energy caused by fluid

flow through a leak.

The collected data may be analyzed once the probe has completed its passage through
the pipeline to determine the location of a leak or, as said above, data can be communicated
wirelessly to a receiving system outside the pipes. It will be apparent that several wireless
communication methods are available commercially for data acquisition, including

ultrasonic, global positioning system satellites, RF, radar, etc.

The double wheels 22 are made of a lossy material (e.g., rubber) to minimize acoustic
noise emission caused by the contact of the wheel 22 with a wall of the pipe 16. As shown in
Fig. 3, the curved connection 24 between the wheels 22 also helps in absorbing any shock

effects due to discontinuities (e.g., pipe joints, or manufacturing defects) [6].

Another embodiment of the invention is shown in Fig. 4. In Fig. 4, two fluid flow-
driven disks 10 are designed to perform different functions. The forward disk in Fig. 4
carries the sensing elements 18 and the second disk carries the electronic/data processing

units 20. The two disks 10 in Fig. 4 are connected to one another and are spaced apart. The
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advantage of this embodiment is that since the first disk 10 is a sensing unit, the second disk

can have a bigger volume accommodating the electronic processing elements. Also, the
possibility of interference between the sensing elements 18 and the processing elements 20 is
minimized because of their separation. The two disks 10 are connected by slender elements
26, which host the necessai‘y wiring for acoustic data that has been measured to be transferred

to the processing units embedded in the second probe unit.

Another embodiment of the invention is shown in Fig. 5. This embodiment is similar
to that in Fig. 4. The first disk 10 includes the sensing elements 18 and the second disk carries
the electronics/data processing units 20. The two disks are connected by slender flexible
elements 26 that host the necessary wiring so that the disks 10 can share information. The
main advantage of flexible connecting elements 26 is to enable the probe system disclosed

herein to go smoothly in bends such as the L-shaped section shown in Fig. 5.

It is recognized that modifications and variations of the invention will be apparent to
those of ordinary skill in the art and it is intended that all such modifications and variations

be included within the scope of the appended claims.
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What is claimed is:

1. Acoustic system for leak detection comprising:

a disk-shaped probe for insertion into fluid flowing within a pipe, the probe having a
convex front surface facing in the flow direction and a substantially flat rear surface,
the probe further including wheels to engage the pipe wall to maintain the probe’s

orientation within the pipe;

at least one pressure sensor embedded in the probe responsive to pressure changes

resulting from a leak in the pipe wall; and

data collection circuitry disposed in the probe to receive probe location data and to
receive an acoustic signal from the pressure sensor from which the presence and

location of a leak may be determined.

—

2. The system of claim 1 wherein the probe further includes wireless communication means

for transmitting the probe location and the acoustic signal to a receiver.
3. The system of claim 1 wherein the probe includes three double wheels.

4. The system of claim 1 wherein the wheels are offset from the pressure sensor so that flow

disturbances caused by the wheels do not substantially affect the pressure sensor.

5. The system of claim 3 wherein the double wheels are made of a lossy material and are

connected by a curved structure.
6. Acoustic system for leak detection comprising:

a first disk-shaped probe having a convex front surface and substantially flat rear

surface, the first probe having at least one pressure sensor embedded therein; and

a second disk-shaped probe space apart from and connected to, the first probe, the
second probe including data collection and/or communication circuitry responsive to

the location of the probes and to the pressure sensor.
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