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(57) Abstract: Examples of determining tuberculation in a fluid distribution system are disclosed. In one example implementation
according to aspects of the present disclosure, an acoustical wave generator generates an acoustical wave within a fluid path of a flu-
id distribution system. A first acoustical sensor and a second acoustical sensor sense the acoustical wave. An acoustical signal ana -

o lysis module determines an amount of tuberculation within the fluid distribution system by analyzing the sensed acoustical wave.
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DETERMINATION OF TUBERCULATION
IN A FLUID DISTRIBUTION SYSTEM

BACKGROUND
[0001] A utility provider may install and maintain infrastructure to provide utility
services to its customers. For example, a water utility provider may implement a fluid
distribution system to distribute water to its customers. Over time, the interior of the
fluid distribution system and its components (e.g., pipes, valves, couplings, etc.) may
accumulate mineral deposits, causing the fluid distribution system to become less

efficient at distributing the fluid.

BRIEF DESCRIPTION OF THE DRAWINGS
[0002] The following detailed description references the drawings, in which:
[0003] FIG. 1A illustrates a diagram of an environment to determine an amount of
tuberculation within a fluid distribution system according to examples of the present
disclosure;
[0004] FIG. 1B illustrates a cross sectional view of a pipe of the fluid distribution
system of FIG. 1A taken in a plane extending in the radial direction and orthogonal to
the longitudinal direction according to examples of the present disclosure;
[0005] FIG. 1C illustrates a cross sectional view of a pipe of the fluid distribution
system of FIG. 1A taken in a plane extending in the radial and longitudinal directions
according to examples of the present disclosure;
[0006] FIG. 2 illustrates a block diagram of a computing system to determine an
amount of tuberculation within a fluid distribution system, such as the fluid
distribution system of FIG. 1A, according to examples of the present disclosure.
[0007] FIG. 3 illustrates a computer-readable storage medium storing instructions
to determine tuberculation in a fluid distribution system according to examples of the
present disclosure;
[0008] FIG. 4 illustrates a flow diagram of a method to determine tuberculation in
a fluid distribution system according to examples of the present disclosure;
[0009] FIG. 5 llustrates a flow diagram of a method 500 to determine
tuberculation in a fluid distribution system according to examples of the present

disclosure;
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[0010] FIG. 6 illustrates a schematic of a flux of acoustic energy for a pipe
segment according to examples of the present disclosure; and

[0011] FIG. 7 illustrates a chart 700 of empirical attenuation model for
tuberculation in a fluid distribution system according to examples of the present

disclosure.

DETAILED DESCRIPTION

[0012] A utility provider may utilize a fluid distribution system to distribute fluids
such as water or gas to its customers. To provide the fluid to its customers
effectively, the utility provider may desire to monitor the efficiency and integrity of the
fluid distribution system. Over time, as the fluid flows through the fluid distribution
system, mineral deposits may accumulate within the fluid distribution system. The
accumulation of mineral deposits, known as tuberculation, decreases the cross-
sectional area of the fluid distribution system, which is detrimental to efficient fluid
distribution through the fluid distribution system. For example, a pipe within the fluid
distribution system has a cross-section through which the fluid flows. As
tuberculation increases (i.e., as minerals build up within the pipe or other component
of the fluid distribution system), the cross-section of the pipe decreases, thereby
decreasing the volume of fluid that can flow through the pipe.

[0013] It is therefore desirable to determine the amount of tuberculation within a
fluid distribution system to assess the efficiency and integrity of the fluid distribution
system. Additionally, from the perspective of leak detection and condition
assessment of the fluid distribution system, tuberculation poses certain challenges.
For example, the mineral deposits, which are a porous material, absorb acoustic
energy propagating along the fluid distribution system (such as when detecting leaks
or assessing the condition of the fluid distribution system). This absorption negatively
influences acoustic signaling used for leak detection and/or condition assessment.
By determining the amount of tuberculation within the fluid distribution system, leaks
can be more accurately detected and the condition of the fluid distribution system
can be more accurately determined.

[0014] Various implementations are described below by referring to several
examples of determining tuberculation in a fluid distribution system. In one example
implementation according to aspects of the present disclosure, an acoustical wave

generator generates an acoustical wave within a fluid path of a fluid distribution
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system. A first acoustical sensor and a second acoustical sensor sense the
acoustical wave. An acoustical signal analysis module determines an amount of
tuberculation within the fluid distribution system by analyzing the sensed acoustical
wave. Other examples are described in the present disclosure.

[0015] The present disclosure enables tuberculation to be determined within a
fluid distribution system. For example, a fluid distribution system maintainer (e.g., a
water utility provider) may utilize the present techniques to detect the presence and
amount of tuberculation within the water distribution system. By detecting the
tuberculation, the fluid distribution system maintainer may evaluate the remaining
lifetime of the fluid distribution system and its components. The fluid distribution
system maintainer may also be enabled to replace components of the fluid
distribution system when tuberculation reaches a certain threshold, for example, or
may take preventative measures to reduce the amount of tuberculation present in
the fluid distribution system. These and other advantages will be apparent from the
description that follows.

[0016] FIGS. 1-3 include particular components, modules, instructions, engines,
etc. according to various examples as described herein. In different implementations,
more, fewer, and/or other components, modules, instructions, engines,
arrangements of components/modules/instructions/engines, etc. may be used
according to the teachings described herein. In addition, various components,
modules, engines, etc. described herein may be implemented as instructions stored
on a computer-readable storage medium, hardware modules, special-purpose
hardware (e.g., application specific hardware, application specific integrated circuits
(ASICs), embedded controllers, hardwired circuitry, etc.), or some combination or
combinations of these.

[0017] Generally, FIGS. 1-3 relate to components and modules of a computing
system, such as computing system 120 of FIG. 1A, computing system 220 of FIG. 2,
and computing system 320 of FIG. 3. It should be understood that the computing
systems 120, 220, and 320 may include any appropriate type of computing system
and/or computing device, including for example smartphones, tablets, desktops,
laptops, workstations, servers, smart monitors, smart televisions, digital signage,
scientific instruments, retail point of sale devices, video walls, imaging devices,

peripherals, networking equipment, wearable computing devices, or the like.
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[0018] FIG. 1A illustrates a diagram of an environment 100 to determine an
amount of tuberculation within a fluid distribution system 110 according to examples
of the present disclosure. In examples, an acoustical wave generator 130 generates
an acoustical wave within a fluid path 112 of a fluid distribution system 110. A first
acoustical sensor 132 and a second acoustical sensor 134 sense the acoustical
wave. An acoustical signal analysis module 124 determines an amount of
tuberculation within the fluid distribution system by analyzing the sensed acoustical
wave.

[0019] As illustrated, the environment 100 includes a fluid distribution system 110,
which may further include a pipe 110A. Although illustrated as the pipe 110A, it
should be understood that the fluid distribution system 110 may be a plurality of
pipes and other fluid distribution system components connected together to form the
fluid distribution system 110, of which the pipe 110A is a portion.

[0020] Generally, fluid distribution system 110 may be used to distribute fluids
such as water to customers of a utility provider, for example. The fluid distribution
system 110 may include various and numerous components, such as pipes (e.g.,
pipe 110A), hydrants, valves, couplers, corporation stops, and the like, as well as
suitable combinations thereof. In examples, the fluid distribution system 110 may be
partially or wholly subterraneous, or portions of the fluid distribution system 110 may
be subterraneous, while other portions of the fluid distribution system 110 may be
non-subterraneous (i.e., above ground). For example, a pipe such as pipe 110A may
be partially or wholly subterraneous while a hydrant or valve (not shown) connected
to the pipe 110A may be partially or wholly non-subterraneous. In other examples,
the pipe 110A may be partially subterraneous in that the pipe 110A has portions
exposed, such as to connect testing devices (e.g., acoustical wave generator 130,
first acoustical sensor 132, second acoustical sensor 134, etc.) to the pipe 110A.
[0021] The acoustical wave generator 130 generates an acoustical wave within
the fluid path 112 within the fluid distribution system 110. In examples, the acoustical
wave generator 130 is in fluid communication with fluid path 112 within the fluid
distribution system 110, and the acoustical wave generator 130 generates an
acoustical wave. As illustrated in FIG. 1A, the acoustical wave generator 130 is
connected to the pipe 110A of the fluid distribution system 110. In examples, the
connection may be direct and/or indirect. More particularly, acoustical wave

generator 130 may be connected directly to the pipe 110A, such as through a hole
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drilled into the wall of the pipe 110A, thereby causing the acoustical wave generator
130 to be in fluid communication with the flow path 112. In some examples, the
acoustical wave generator 130 may extend partially or wholly into the flow path 112,
while in other examples, the acoustical wave generator 130 may not extend into the
flow path 112. In another example, the acoustical wave generator 130 may be
connected indirectly to the pipe 110A, such as via another component in the fluid
distribution system 110 (e.g., a hydrant, a valve, a coupler, a corporation stop, etc.).
In other examples, the acoustical wave generator 130 and the first and second
acoustical sensors 132 and 134 may be connected to the water distribution system
110 via air relief valves or may be hydrophones placed laterally on the pipe (e.g.,
pipe 110A). In some examples, the acoustical wave generator 130 may include a
signal generator to generate a signal, a signal amplifier to amplify the signal, and a
sound source to emit the amplified signal.

[0022] In examples, the first acoustical sensor 132 and the second acoustical
sensor 134 are placed a distance apart to enabling the sensing of the acoustical
wave. Such a distance may be hundreds millimeters, hundreds meters, or even
several kilometers apart. In some cases, the first acoustical sensor and the second
acoustical sensor may be connected to the same pipe segment, such as pipe 110A,
but in other examples, the first acoustical sensor 132 and the second acoustical
sensor 134 may be placed on separate portions of the fluid distribution system 110.
[0023] The acoustical wave generator 130 may be a hydrophone used in reverse
(a reverse hydrophone) to produce an acoustical wave. In another example, the
acoustical wave generator 130 may be a speaker or similar electronic device to
produce an acoustical wave. Any suitable device capable of creating an acoustical
wave, such as a pressure wave, in a fluid may be implemented as acoustical wave
generator 130. For example, a pressure wave may be created manually (such as by
a hammer striking the pipe) or automatically (such as by a piston striking the pipe). In
addition to striking the pipe directly, a component attached to the pipe, such as a
hydrant, valve, etc., may also be stricken. In another example, a valve may be
opened and closed one or more times so as to generate an acoustical wave within
the water flowing through the pipe. It should be understood that other techniques
may be implemented to cause the acoustical wave. It should also be understood that

the term *acoustic’” may mean sound and/or vibration.
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[0024] Once the acoustical wave generator 130 generates the acoustical wave,
the first acoustical sensor 132 and the second acoustical sensor 134 sense the
acoustical wave caused by a change of pressure in the flow path 112. In examples,
the first acoustical sensor 132 is in fluid communication with the fluid path 112 within
the fluid distribution system 110, and the first acoustical sensor 132 senses the
acoustical wave generated by the acoustical wave generator 130. The first acoustical
sensor 132 outputs a first acoustical signal representative of the acoustical wave,
which may be received at the computing system 120, for example. Similarly, in
examples, the second acoustical sensor 134 is in fluid communication with the fluid
path 112 within the fluid distribution system 110, and the second acoustical sensor
134 also senses the acoustical wave generated by the acoustical wave generator
130. The second acoustical sensor 134 outputs a second acoustical signal
representative of the acoustical wave, which may be also received at the computing
system 120, for example. In such an implementation, the computing system 120
receives both the first and second acoustical signals from the first and second
acoustical sensors 132 and 134 respectively.

[0025] The first and second acoustical sensors 132 and 134 may transmit the first
and second acoustical signals respectively to the computing system 120 via a wired
or wireless network or other communicative path illustrated in FIG. 1A as dotted
lines. In examples, such as shown in FIG. 1A, the acoustical wave generator 130
and the first and second acoustical sensors 132 and 134 may be communicatively
coupleable to one another and to the computing system 120. In examples, the
acoustical wave generator 130 and the first and second acoustical sensors 132 and
134 may include transceivers, which may communicate data, such as the first and
second acoustical signals, between the acoustical wave generator 130, the first and
second acoustical sensors 132 and 134, and the computing system 120, which may
include an interface (not shown) for transmitting and receiving the data. The
transceivers may be any suitable device for sending, receiving, or sending and
receiving data, such as a receiver, a transmitter, a transmitter-receiver, and/or a
transceiver. It should be appreciated that any suitable communication technique may
be implemented to transmit the data between the acoustical wave generator 130,
and the first and second acoustical sensors 132 and 134, and the computing system
120. In examples, the computing system 120 may generate a signal to cause the

acoustical wave generator 130 to generate the acoustical wave. The computing
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system 120 may then receive the first and second acoustical signals from the first
and second acoustical sensors 132 and 134 respectively.

[0026] The dotted lines of FIG. 1A illustrate communicative paths between and
among the acoustical wave generator 130, the first and second acoustical sensors
132 and 134, and the computing system 120. These paths generally represent a
network that may include hardware components and computers interconnected by
communications channels that allow sharing of resources and information. The
network may include one or more of a cable, wireless, fiber optic, or remote
connection via a telecommunication link, an infrared link, a radio frequency link, or
any other connectors or systems that provide electronic communication. The network
may include, at least in part, an intranet, the internet, or a combination of both. The
network may also include intermediate proxies, routers, switches, load balancers,
and the like. The paths followed by the network between the devices as depicted in
FIG. 1A represent the logical communication paths between and among these the
acoustical wave generator 130, the first and second acoustical sensors 132 and 134,
and the computing system 120, not necessarily the physical paths between and
among the devices.

[0027] The computing system 120 may include a processing resource 122 that
represents generally any suitable type or form of processing unit or units capable of
processing data or interpreting and executing instructions. The processing resource
122 may be one or more central processing units (CPUs), microprocessors, and/or
other hardware devices suitable for retrieval and execution of instructions. The
instructions may be stored, for example, on a memory resource (not shown), such as
computer-readable storage medium 330 of FIG. 3, which may include any electronic,
magnetic, optical, or other physical storage device that store executable instructions.
Thus, the memory resource may be, for example, random access memory (RAM),
electrically-erasable programmable read-only memory (EPPROM), a storage drive,
an optical disk, and any other suitable type of volatile or non-volatile memory that
stores instructions to cause a programmable processor (i.e., processing resource) to
perform the techniques described herein. In examples, the memory resource
includes a main memory, such as a RAM in which the instructions may be stored
during runtime, and a secondary memory, such as a nonvolatile memory in which a

copy of the instructions is stored.
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[0028] Additionally, the computing system 120 may include the acoustical signal
analysis engine 124, which analyzes the first acoustical signal and the second
acoustical signal to determine an amount of tuberculation within the fluid distribution
system 110. In examples, the engine(s) described herein may be a combination of
hardware and programming. The programming may be processor executable
instructions stored on a tangible memory, and the hardware may include processing
resource 122 for executing those instructions. Thus a memory resource (not shown)
can be said to store program instructions that when executed by the processing
resource 122 implement the engines described herein. Other engines may also be
utilized to include other features and functionality described in other examples
herein.

[0029] Alternatively or additionally, the computing system 120 may include
dedicated hardware, such as one or more integrated circuits, Application Specific
Integrated Circuits (ASICs), Application Specific Special Processors (ASSPs), Field
Programmable Gate Arrays (FPGAs), or any combination of the foregoing examples
of dedicated hardware, for performing the techniques described herein. In some
implementations, multiple processing resources (or processing resources utilizing
multiple processing cores) may be used, as appropriate, along with multiple memory
resources and/or types of memory resources.

[0030] The acoustical signal analysis module 124 analyzes the first acoustical
signal and the second acoustical signal to determine an amount of tuberculation
within the fluid distribution system. The sound pressure difference measured by the
first acoustical sensor 132 and the second acoustical sensor 134 and outputted
respectively as the first acoustical signal and the second acoustical signal is
proportional to the attenuation (i.e., the loss in intensity of the rate of flow of a the
liquid per unit area or flux) in the flow path 112 including through the tuberculation
portion 114 and the non-tuberculation portion of the fluid distribution system 110.
[0031] At frequencies below 8000 Hz, internal (molecular) attenuation within the
fluid distribution system 112 are negligible, and the primary attenuation is caused by
sound absorption of the fluid distribution system 110 and the tuberculation portion
114. Generally, the overall measured attenuation within the fluid distribution system
110 is a combination of the transmission loss of the acoustical wave in the flow path
112 and through the water distribution system 110 (such as through a wall of the

pipe 110A) as well as the degree of tuberculation. An energy flux is illustrated in FIG.
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6 below, which shows how energy passes through a section of the fluid distribution
system 110. By sensing the acoustical wave and by applying standard attenuation
rates for the non-tuberculation portion 116, the attenuation of the tuberculation
portion 114 can be determined and thus an amount of tuberculation can also be
determined. This is further described below regarding FIG. 6.

[0032] In examples, analyzing the sensed acoustical wave comprises determining
a pressure difference between the sensed acoustical wave at the first acoustical
sensor and the sensed acoustical wave at the second acoustical sensor. That is,
energy dissipation of sound from a sound source (e.g., the acoustic wave generator
130) is determined. In additional examples, the described techniques are performed
while the fluid distribution system is in use such that a fluid is flowing through the
fluid distribution system 110. This may include a normal state of operation, such as
when the fluid (e.g., water) is being delivered to users of the fluid distribution system
110, or during a test condition, such as leak detection.

[0033] Although not shown in FIG. 1A, it should be appreciated that the
computing system 120 may include additional components. For example, the
computing system 120 may include a display. The display may be or include a
monitor, a touchscreen, a projection device, and/or a touch/sensory display device.
The display may display text, images, and other appropriate graphical content. The
computing system 120 may also include a network interface to communicatively
couple the computing system 120 to the transceivers 111 and 113 via the network
and to other computing systems and/or computing devices. The computing system
120 may also include any suitable input and/or output device, such as a mouse,
keyboard, printer, external disk drive, or the like.

[0034] FIGs. 1B and 1C illustrate cross sectional views 100B and 100C of pipe
110A of fluid distribution system 110 of FIG. 1A. In particular, FIG. 1B illustrates a
cross sectional view 100B of a pipe 110A of the fluid distribution system 110 of FIG.
1A taken in a plane extending in the radial direction and orthogonal to the
longitudinal direction according to examples of the present disclosure. The pipe
110A has a tuberculation portion 114 along the inside portion of the pipe 110A
between the pipe 110a and a non-tuberculation portion 116. It should be understood
that, in examples, the fluid path 112 flows through the non-tuberculation portion 116
of the pipe 110A and also at least partially through the tuberculation portion 114 of
the pipe 110A.
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[0035] The first acoustical sensor 132 is in fluid communication with the fluid path
112 within the pipe 110A of the fluid distribution system 110. In examples, and as
described herein, the first acoustical sensor 132 may be connected, directly or
indirectly, to the pipe 110A or to another component or portion of the fluid distribution
system 110 (e.g., hydrants, valves, couplers, corporation stops, etc.). In an example,
a hole may be drilled into the pipe 110A to enable the first acoustical sensor 132 to
be in fluid communication with the fluid path 112. In other examples, the first
acoustical sensor 132 may be partially or wholly contained within the pipe 110A.
[0036] Although the tuberculation portion 114 is shown as being uniform in FIG.
1C, it should be appreciated that the tuberculation portion 114 may be irregular or
otherwise non-uniform in examples, such as illustrated in FIG. 1C. In particular, FIG.
1C illustrates a cross sectional view 100C of a pipe 110A of the fluid distribution
system 110 of FIG. 1A taken in a plane extending in the radial and longitudinal
directions according to examples of the present disclosure. As in FIG. 1B, the pipe
110A has a tuberculation portion 114 along the inside portion of the pipe 110A
between the pipe 110a and a non-tuberculation portion 116. In examples, the fluid
path 112 flows through the non-tuberculation portion 116 of the pipe 110A and also
at least partially through the tuberculation portion 114 of the pipe 110A.

[0037] The acoustical wave generator 130, the first acoustical sensor 132, and
the second acoustical sensor 134 are in fluid communication with the fluid path 112
within the pipe 110A of the fluid distribution system 110. In examples, and as
described herein, the acoustical wave generator 130, the first acoustical sensor 132,
and the second acoustical sensor 134 may be connected, directly or indirectly, to the
pipe 110A or to another component and/or components or portion of the fluid
distribution system 110 (e.g., hydrants, valves, couplers, corporation stops, etc.). In
an example, a hole may be drilled into the pipe 110A to enable the acoustical wave
generator 130, the first acoustical sensor 132, and the second acoustical sensor 134
to be in fluid communication with the fluid path 112. In other examples, the acoustical
wave generator 130, the first acoustical sensor 132, and the second acoustical
sensor 134 may be partially or wholly contained within the pipe 110A.

[0038] As illustrated in FIG. 1C, the tuberculation portion 116 is non-uniform
along the length of the pipe 110A. The non-uniformity may be due to corrosion by-
products forming over pits in the wall of the pipe 110A, for example, or due to

microbiological growth. Differences in corrosion of the wall of the pipe 110A, flow
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rates of the flow path 112, temperature, and other factors may all contribute to non-
uniformity of the tuberculation portion 114. In other examples, as the amount of
tuberculation increases in an area, some of the tuberculation may break off or
otherwise separate, causing additional non-uniformity of the tuberculation portion
114,

[0039] FIG. 2 illustrates a block diagram of a computing system 220 to determine
an amount of tuberculation within a fluid distribution system, such as fluid distribution
system 110 of FIG. 1A, according to examples of the present disclosure. The
computing system 220 may include an acoustical wave generator 230, a first
acoustical sensor 232, a second acoustical sensor 234, and an acoustical signal
analysis module 224. In examples, the modules described herein may be a
combination of hardware and programming instructions. The programming
instructions may be processor executable instructions stored on a tangible memory
resource such as a computer-readable storage medium or other memory resource,
and the hardware may include a processing resource for executing those
instructions. Thus the memory resource can be said to store program instructions
that when executed by the processing resource implement the modules described
herein.

[0040] Other modules may also be utilized as will be discussed further below in
other examples. In different implementations, more, fewer, and/or other components,
modules, instructions, and arrangements thereof may be used according to the
teachings described herein. In addition, various components, modules, etc.
described herein may be implemented as computer-executable instructions,
hardware modules, special-purpose hardware (e.g., application specific hardware,
application specific integrated circuits (ASICs), and the like), or some combination or
combinations of these.

[0041] As described above regarding acoustical wave generator 130 of FIG. 1A,
acoustical wave generator 230 generates an acoustical wave within the fluid path
112 within the fluid distribution system such as fluid distribution system 110 of FIG.
1A. The first acoustical sensor 232 and the second acoustical sensor 234 then sense
the acoustical wave at their respective locations and output respective first and
second acoustical signals representative of the acoustical wave detected at the first
and second acoustical sensors 232 and 234. In examples, the acoustical sensors

may be hydrophones or other suitable devices, such as devices with piezoelectric
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transducers or accelerometers and the like. For example, an accelerometsr may be
implemeant to detedt vibrations in the fluid distribution systam. In such an example,
ihe first acoustical sensor 232 and the second acoustical sensor 234 sensurs may
be on a component of the fluid distribution system, such as a hydrant, valve, glc.
[0042] The acoustical signal analysis module 224 then analyzes the first
acoustical signal and the second acoustical signal to determine an amount of
tuberculation within the fluid distribution system. For example, the acoustical signal
analysis module 224 determines a pressure difference between the sensed
acoustical wave at the first acoustical sensor 232 and the sensed acoustical wave at
the second acoustical sensor 234. The pressure difference can be used to calculate
a tuberculation portion within the fluid distribution system (e.g., tuberculation portion
114 within fluid distribution system 110 of FIG. 1A) using the techniques and
principles described regarding FIG. 6.

[0043] FIG. 3 illustrates a computer-readable storage medium 330 storing
instructions 332-336 to determine tuberculation in a fluid distribution system
according to examples of the present disclosure. The computer-readable storage
medium 330 is non-transitory in the sense that it does not encompass a transitory
signal but instead is made up of one or more memory components configured to
store the instructions 332-336. The computer-readable storage medium 330 may be
representative of a memory resource and may store machine executable instructions
332-336, which are executable on a computing system such as computing system
120 of FIG. 1A and/or computing system 220 of FIG. 2 as well as the computing
system 320 of FIG. 3 in conjunction with processing resource 322.

[0044] In the example shown in FIG. 3, the instructions 332-336 may include first
acoustical signal receiving instructions 332, second acoustical signal receiving
instructions 334, and tuberculation analysis and determination instructions 336. The
instructions 332-336 of the computer-readable storage medium 330 may be
executable so as to perform the techniques described herein, including the
functionality described regarding the method 400 of FIG. 4.

[0045] For example, the first acoustical signal receiving instructions 332 may
correspond to block 404 of FIG. 4. The second acoustical signal receiving
instructions 334 may correspond to block 406 of FIG. 4. The tuberculation analysis

and determination instructions 336 may correspond to block 408 of FIG. 4. The
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functionality of these instructions is described below with reference to the functional
blocks of FIG. 4 but should not be construed as so limiting.

[0046] In particular, FIG. 4 illustrates a flow diagram of a method 400 to
determine tuberculation in a fluid distribution system according to examples of the
present disclosure. The method 400 may be executed by a computing system or a
computing device such as computing system 120 of FIG. 1A, computing system 220
of FIG. 2, and/or computing system 320 of FIG. 3. The method 400 may also be
stored as instructions on a non-transitory computer-readable storage medium such
as computer-readable storage medium 330 of FIG. 3 that, when executed by a
processing resource (e.g., processing resource 122 of FIG. 1A and/or processing
resource 322 of FIG. 3), cause the processing resource to perform the method 400.
[0047] At block 402, the method 400 begins and continues to block 404. At block
404, the method 400 includes receiving a first acoustical signal. For example, a
computing system (e.g., computing system 120 of FIG. 1A, computing system 220 of
FIG. 2, and/or computing system 320 of FIG. 3) receives a first acoustical signal
output by a first acoustical sensor (e.g., first acoustical sensor 132) based on
sensing an acoustical wave generated by an acoustical wave generator (e.g.,
acoustical wave generator 130). The method 400 continues to block 406.

[0048] At block 406, the method 400 includes receiving a second acoustical
signal. For example, the computing system receives a second acoustical signal
output by a second acoustical sensor (e.g., second acoustical sensor 134) based on
sensing the acoustical wave generated by the acoustical wave generator (e.g.,
acoustical wave generator 130). The method 400 continues to block 408.

[0049] At block 408, the method 400 includes determining an amount of
tuberculation. For example, the computing system determines an amount of
tuberculation within a fluid distribution system by analyzing first acoustical signal and
the second acoustical signal. The method 400 continues to block 410 and
terminates.

[0050] Additional processes also may be included, and it should be understood
that the processes depicted in FIG. 4 represent illustrations, and that other
processes may be added or existing processes may be removed, modified, or
rearranged without departing from the scope and spirit of the present disclosure.
[00561] FIG. 5 llustrates a flow diagram of a method 500 to determine

tuberculation in a fluid distribution system according to examples of the present
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disclosure. The method 500 may be executed by a computing system or a
computing device such as computing system 120 of FIG. 1A, computing system 220
of FIG. 2, and/or computing system 320 of FIG. 3. The method 500 may also be
stored as instructions on a non-transitory computer-readable storage medium such
as computer-readable storage medium 330 of FIG. 3 that, when executed by a
processing resource (e.g., processing resource 122 of FIG. 1A and/or processing
resource 322 of FIG. 3), cause the processing resource to perform the method 500.
[0052] At block 502, the method 500 begins and continues to block 504. At block
504, the method 500 includes generating an acoustical wave within a fluid path of a
fluid distribution system. For example, an acoustical wave generator (e.g., acoustical
wave generator 130 of FIG. 1A) generates an acoustical wave within a fluid path
(e.g., flow path 112 of FIG. 1A) of a fluid distribution system (e.g., fluid distribution
system 110 of FIG. 1A). The method 500 continues to block 506.

[0053] At block 506, the method 500 includes sensing the acoustical wave. For
example, a first acoustical sensor (e.g., first acoustical sensor 132 of FIG. 1A) and a
second acoustical sensor (e.g., second acoustical sensor 134 of FIG. 1A) sense the
acoustical wave. In examples, the first acoustical sensor and the second acoustical
sensor are placed a distance apart to enabling the sensing of the acoustical wave. In
examples, at least one of the first acoustical sensor and the second acoustical
sensor comprises a hydrophone, although other suitable sensors may be utilized.
The method 500 continues to block 508.

[0054] At block 508, the method 500 includes determining an amount of
tuberculation by analyzing the sensed acoustical wave. For example, an acoustical
signal analysis module (e.g., acoustical signal analysis engine 124 of FIG. 1A,
acoustical signal analysis module 224 of FIG. 2) determines an amount of
tuberculation within the fluid distribution system (e.g., fluid distribution system 110 of
FIG. 1A) by analyzing the sensed acoustical wave. In examples, analyzing the
sensed acoustical wave may include determining a pressure difference between the
sensed acoustical wave at the first acoustical sensor and the sensed acoustical
wave at the second acoustical sensor. The method 500 continues to block 512 and
terminates.

[0055] Additional processes also may be included, and it should be understood

that the processes depicted in FIG. 5 represent illustrations, and that other
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processes may be added or existing processes may be removed, modified, or
rearranged without departing from the scope and spirit of the present disclosure.
[0056] FIG. 6 illustrates a schematic 600 of a flux of acoustic energy for a pipe
segment 110B according to examples of the present disclosure. The techniques
described regarding FIG. 6 may be partially and/or wholly applied by the acoustical
signal analysis engine 124 of FIG. 1A, by the acoustical signal analysis module 224
of FIG. 2, and/or by the tuberculation analysis and determination instructions 336 of
FIG. 3. At sufficiently low frequencies, the acoustic intensity, whose dimensions are
watts/m?, has a stream-wise direction “/1 (x)” (illustrated as arrow 602) and a radial
component “/w (x)” (illustrated as arrow 604) as follows:
Equation [1]: ma?l,(x) = ma®l,(x + dx) + mwa?dxI,,(x)
[0057] Equation [1] represents a statement of conversation of energy in the fluid

13 ”

distribution system 110 for the acoustical wave, where
11( )

a’ represents the radius of

the pipe. For a small “dx”, I, (x + dx) = I,(x) + dx ———, so equation [1] reduces to:

d11(x)

Equation [2]: + - IW( )

[0058] The loss term “ly (x)” is proportlonal to “/1 (x)” as it diminishes the incident
energy. In general, the proportionality factor “H (f)” is frequency dependent.

Substitution into equation [2] results in the first order linear differential equation:

Equation [3]; dli(x) ZH(f)ll()

[0059] Then, equation [3] is solvable as follows:

2H(f)x

Equation [4]: I,(x) = ,(0)e™ a
[0060] As a result, it is shown that energy decays exponentially over distance. In
the present example, “/7 (0)” is the initial energy at a reference (or starting) point “x =
0" (such as at the acoustical wave generator 130 of FIG. 1A) The variable “X”
increases Iin the direction of the energy propagation of the acoustical wave
generated by the acoustical wave generator 130 that is away from the source (e.g.,
the acoustical wave generator 130). The acoustical wave diminishes over distance,
as some energy is transmitted through the components of the fluid distribution
system 110 (such as through a wall of pipe 110A) and radiated into the surrounding
medium even without tuberculation. This contribution is “2Hr (f) / a.” However, the

presence of tuberculation (i.e., tuberculation portion 114) in the fluid distribution
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system 110 increases the overall attenuation of the acoustic wave generated by the

acoustic wave generator 130 as follows:

Equation [5]: 2 2R+

a-t
[0061] The reduction in the internal pipe radius “a” by the average thickness of
the tuberculation region 114, denoted by the variable “t,” accounts for the reduced
“free area” or non-tuberculation portion 116 of the pipe 110A available for the energy
flux in the “x” direction. As illustrated in FIG. 7, attenuation in may be expressed in

terms of

Equation [6]: 10 log (%) =

[0062] In equation [B], “L” represents the attenuation (in dB) over a length of “a”
minus “t” (radius of the pipe minus the tuberculation portion 114). As illustrated in the
chart 700 of FIG. 7, the following expression is an accurate representation of the

design curve if the parameters “A” and “B” are functions of “t” and “a.”
__4n

2
a+("/)?

where “n = f / fo” and “fo = 0.5¢c / (a-t)”, ¢ being the speed of sound in water. Also,

Equation[7]. L =

A =220—e "*a-t) and B = 1.25(==)79%* . In particular, FIG. 7 illustrates a

a-t
chart 700 of empirical attenuation model for tuberculation in a fluid distribution
system according to examples of the present disclosure.

[0063] It should be emphasized that the above-described examples are merely
possible examples of implementations and set forth for a clear understanding of the
present disclosure. Many variations and modifications may be made to the above-
described examples without departing substantially from the spirit and principles of
the present disclosure. Further, the scope of the present disclosure is intended to
cover any and all appropriate combinations and sub-combinations of all elements,
features, and aspects discussed above. All such appropriate modifications and
variations are intended to be included within the scope of the present disclosure, and
all possible claims to individual aspects or combinations of elements or steps are

intended to be supported by the present disclosure.
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CLAIMS

WHAT IS CLAIMED IS:

1.

A method, comprising:

generating, by an acoustical wave generator, an acoustical wave within a fluid
path of a fluid distribution system;

sensing, at a first acoustical sensor and at a second acoustical sensor, the
acoustical wave;

determining, by an acoustical signal analysis module, an amount of
tuberculation within the fluid distribution system by analyzing the

sensed acoustical wave.

The method of claim 1, wherein the first acoustical sensor and the second
acoustical sensor are placed a distance apart to enabling the sensing of the

acoustical wave.

The method of claim 1, wherein at least one of the first acoustical sensor and

the second acoustical sensor comprises a hydrophone.

The method of claim 1, wherein analyzing the sensed acoustical wave
comprises determining a pressure difference between the sensed acoustical
wave at the first acoustical sensor and the sensed acoustical wave at the

second acoustical sensor.

The method of claim 1, wherein analyzing the sensed acoustical wave

comprises calculating the attenuation of the acoustical wave as

2 Hp(f)+Hr(f) x.
a—t

The method of claim 1, wherein the acoustical wave generator comprises a

reverse hydrophone.
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7.

10.
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The method of claim 1, wherein the acoustical wave generator further
comprises:

a signal generator;

a signal amplifier to amplify the signal; and

a sound source to emit the amplified signal.

The method of claim 1, wherein the determining is performed while the fluid
distribution system is in use such that a fluid is flowing through the fluid

distribution system.

The method of claim 1, wherein the fluid distribution system comprises a pipe,
and wherein the acoustical wave generator, the first acoustical sensor, and

the second acoustical sensor are connected to the pipe.

A fluid distribution system, comprising:

an acoustical wave generator in fluid communication with a fluid path within
the fluid distribution system, the acoustical wave generator to generate
an acoustical wave;

a first acoustical sensor in fluid communication with the fluid path within the
fluid distribution system, the first acoustical sensor sensing the
acoustical wave generated by the acoustical wave generator and
outputting a first acoustical signal representative of the acoustical
wave;

a second acoustical sensor in fluid communication with the fluid path within
the fluid distribution system, the second acoustical sensor sensing the
acoustical wave generated by the acoustical wave generator and
outputting a second acoustical signal representative of the acoustical
wave;

an acoustical signal analysis module to analyze the first acoustical signal and
the second acoustical signal to determine an amount of tuberculation

within the fluid distribution system.
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11.  The system of claim 10, wherein the first acoustical sensor and the second
acoustical sensor are placed a distance apart to enabling the sensing of the

acoustical wave.

12. The system of claim 10, wherein analyzing the sensed acoustical wave
comprises determining a pressure difference between the sensed acoustical
wave at the first acoustical sensor and the sensed acoustical wave at the

second acoustical sensor.

13.  The system of claim 10, wherein at least one of the first acoustical sensor and

the second acoustical sensor comprises a hydrophone.

14.  The system of claim 10, wherein the fluid distribution system comprises a

pipe.

15.  The system of claim 10, wherein the acoustical wave generator comprises a

reverse hydrophone.

16.  The system of claim 10, wherein the acoustical wave generator further
comprises:
a signal generator;
a signal amplifier to amplify the signal; and

a sound source to emit the amplified signal.
17.  The system of claim 10, wherein the fluid distribution system comprises a

pipe, and wherein the acoustical wave generator, the first acoustical sensor,

and the second acoustical sensor are connected to the pipe.
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18.

19.

20.
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A non-transitory computer-readable medium storing instructions that, when

executed by a processing resource, cause the processing resource to:

receive a first acoustical signal output by a first acoustical sensor based on
sensing an acoustical wave generated by an acoustical wave
generator,

receive a second acoustical signal output by a second acoustical sensor
based on sensing the acoustical wave generated by the acoustical
wave generator,

determine an amount of tuberculation within a fluid distribution system by

analyzing the first acoustical signal and the second acoustical signal.

The non-transitory computer-readable storage medium of claim 18, wherein
analyzing the first acoustical signal and the second acoustical signal further
comprises determine a pressure difference between the sensed acoustical
wave at the first acoustical sensor and the sensed acoustical wave at the

second acoustical sensor.

The non-transitory computer-readable storage medium of claim 18, wherein
analyzing first acoustical signal and the second acoustical signal comprises
calculating the attenuation of the first acoustical signal and the second

acoustical signal as

2 Hp(f)+Hr(f) x.
a—t

20



PCT/US2016/036856

WO 2016/205082

1/6

<
o
=
-

VI "Old

(A
wasAg uonngusiq pinj4

[z4% f44%
aulbug sisAleuy 92JN0say
|[eubig |eolsnooy Buissaoo.d

0ocl
weisAg bunndwo)




WO 2016/205082

<
o
=
-

2/6

FIG. 1B

PCT/US2016/036856

FIG. 1C



WO 2016/205082 PCT/US2016/036856

3/6
Computing System
220
Acoustical Wave First Acoustical
Generator Sensor

230 232
Acoustical Signal Second Acoustical
Analysis Module Sensor

224 234

FIG. 2

Computing System
320

Processing Resource
322

Computer-Readable Storage Medium
330

First Acoustical Signal Receiving Instructions
332

Second Acoustical Signal Receiving Instructions
334

Tuberculation Analysis and Determination Instructions
336

FIG. 3



PCT/US2016/036856

WO 2016/205082

4/6

09 AAVM TVYIILSNOJV A4SN3S
JHL ONIZATVNY A9 NOILV1NOd3aN.L
40 LNNOIV NV ININY313d

v "OId

aNd

ol

80V

NOILVINOH3aN1L 40 LNNONY ININETLIA

05
AAVM TVIILSNOIJV IHL ISN3S

907

IVNOIS TVOILSNOJY ANOD3S IAIFO3Y

oS IW3LSAS NOILNAIH1SId
ainNi4d v 40 HLVd diNd ¥V NIHLIM
JAVM TVIILSNOIJV NV J1VHINTO

0S

oy
TVNOIS TTVOILSNOJV LSHId IAIF03Y

14V1S <f|
005

<<

1¥V1S <f|
707 00




WO 2016/205082

aﬂ“\\

X
N

"y

5/6

PCT/US2016/036856




WO 2016/205082 PCT/US2016/036856

6/6
3
o~y
e
O
Y
p—
w
)
e’
N
o
-

FIG. 7



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 16/36856

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - GO1N 29/11, E03B 7/00 (2016.01)

CPC

- EO03B 7/003, GO1N 2291/025, GO1N 29/11, GO1N 2291/105, GO1N 29/449, GO1N 2291/2634
According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

IPC(8) - GO1N29/11, E03B7/00 (2016.01)

Minimum documentation searched (classification system followed by classification symbol
CPC - E03B 7/003, GO1N 2291/025, GO1N 29/11, GO1N 2291/105, GO1N 29/449,

Is%
GO1N 2291/2634

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC - EO3B7/003, GO1N2291/025, GO1N29/11, GO1N2291/105, GO1N29/449, GO1N2291/2634, GO1N2291/057, GO1N2291/0422,

G01N2291/02854, GO1N29/4472 IPC(8) - GO1N29/11, E03B7/00 (2016.01); USPC - 73/599

Electronic data basc consulted during the international search (name of
Patbase; Google Web, Google Patent

comparison differonce rcverse

data base and, where practicable, search terms used)

Search terms used: pipe pipeline conduit tuberculation buildup blockage deposits corrosion acoustic hydrophone transducer pressure

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y WO 2015/073313 A1 (HOWITT) 21 May 2015 (21.05.2015), para {0003}, [0016], [0029])-[0043], | 1-3, 6-11, 13-18
A 4,5, 12,19, 20
Y ~~ | FR 2754898 A (COMEX TECHNOLOGIES SOCIETE ANONYME) 24 April 1998 (24.04.1998), 1-3, 6-11, 13-18
- abstract
A 4,5,12,19,20
Y US 2005/0210960 A1 (SHAMOUT et al.) 29 September 2005 (29.09.2005), para {0007], [0009], | 8
[0078]
A 4,12,18
A ~ | BAIK et al., "Acoustic attenuation, phase and group velocities in liquid-filled pipes: Theory, 5,20
experiment, and examples of water and mercury." J. Acoust. Soc. Am. 128(5) November 2010
(11.2010), abstract; pg 2617, col 1-pg 2617, col 2; Fig 7
[online] URL=<http://resource.isvr.soton.ac.uk/FDAG/Cross-faculty%20UAUA%20centre/
Media%202012/Journal%20papers/Baik%20et%20al%20JASA%20|.pdf>
A US 2003/0033870 A1 (SHAH et al.) 20 February 2003 (20.02.2003), para {0021], [0031]-[0035] | 5, 20
A US 5,526,689 A (COULTER et al.) 18 June 1996 (18.06.1996), entire document 1-20
A WO 2010020817 A1 (UNIVERSTIY OF BRADFORD) 25 February 2010 (25.02.2010), entire 1-20
document

[

Further documents are listed in the continuation of Box C.

L]

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L™ document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

10 August 2016

Date of mailing of the international search report

09 SEP 2016

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Biblio page:1
	Description page:2
	Claims page:18
	Drawings page:22
	ISR page:28

