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ULTRASONIC BASED INTERNAL INSPECTION OF TUBES

Claim of Priority
[0001] This application claims priority to U.S. Patent Application No. 16/417,172,

filed on May 20, 2019, the entire contents of which are hereby incorporated by

reference.

Technical Field
[0002] This disclosure relates to inspecting tubes such as finned tubes from inside

of the tubes for detecting corrosion and scale buildup.

Background
[0003] Fluids, for example, hydrocarbons or other fluids, are flowed through pipes.

The flow and external conditions result in corrosion, scale buildup, and cracking of the
interior and exterior of the pipes. Unchecked damage and buildup can result in pipe

failure. Detecting corrosion and scale buildup in pipes can prevent the failure of pipes.

Summary

[0004] This disclosure describes ultrasonic-based inspection of a pipe, for
example, for detection of corrosion and scale buildup.

[0005] Implementations of the present disclosure include a sensor assembly
communicatively coupled to a processing device. The sensor assembly is configured
to be disposed within and move along a pipe configured to flow a fluid. The sensor
assembly includes a tubular housing configured to be centrally retained within the
pipe, the tubular housing including an outer diameter smaller than an internal diameter
of the pipe. The sensor assembly also includes a plurality of ultrasonic elements
coupled to and distributed evenly along an external surface of the tubular housing to
define a gap between an outer surface of the ultrasonic elements and an internal
surface of the pipe. The ultrasonic elements are configured to transmit ultrasonic
signals and sense ultrasonic signals reflected from the internal surface of the pipe to
sense corrosion and scale buildup information inside the pipe. The ultrasonic elements
are configured to transmit the information to the processing device.

[0006] In some implementations, the sensor assembly further includes a first
centering disc and a second centering disc. The first centering disc is coaxially

coupled to a first end of the tubular housing. The first centering disc includes an outer
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diameter similar to the internal diameter of the pipe and defines an internal fluid
channel configured to receive fluid from the pipe as the sensor assembly moves along
the pipe and to direct the fluid to the gap between the ultrasonic elements and the
internal surface of the pipe. The internal fluid channel forms a tubular fluid column of
laminar flow that fluidically couples the ultrasonic elements with an internal surface of
the pipe. The second centering disc is coaxially coupled to a second end of the tubular
housing opposite the first end and has an outer diameter similar to the first centering
disc. The second centering disc includes an internal fluid channel configured to
receive, as the sensor assembly moves along the pipe, the fluid from the tubular fluid
column and is configured to direct the fluid to an outlet of the second centering disc.
In some implementations, the centering discs are detachable from the tubular housing.
In some implementations, the tubular housing is attachable to centering discs of
different sizes to fit within pipes of different internal diameters. In some
implementations, each of the centering discs include a compliant outer surface
conformable to surface variations of the internal surface of the pipe.

[0007] In some implementations, the sensor assembly is configured to sense
corrosion and scale buildup information of at least one of the internal surface of the
pipe, an external surface of the pipe, and external fins of the pipe. In some
implementations, the ultrasonic elements are configured to sense corrosion and scale
buildup information of the external surface of the pipe and to sense damage
information of the external fins of the pipe by sensing ultrasonic signals reflected back
from an interface between two dissimilar materials.

[0008] In some implementations, the sensor assembly is configured to sense
thermal fatigue cracking at an external surface of the pipe by steering a direction of the
ultrasonic signals transmitted by the ultrasonic elements to travel in a non-orthogonal
direction with respect to an external surface of the ultrasonic elements.

[0009] In some implementations, the processing device is configured to generate,
based on the information, a time of flight curve representing a presence or absence of
corrosion and scale buildup along the pipe. In some implementations, the processing
device has a display device configured to display a user interface. The processing
device is configured to perform ultrasonic data acquisition associated with pipes. The
display device is configured to display, in the user interface, the time of flight curve

generated by the processing device.
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[0010] In some implementations, the sensor assembly is electrically coupled to a
rotating cleaning brush configured to clean an interior diameter of the pipe to prepare
the pipe to be inspected by the sensor assembly.

[0011] Implementations of the present disclosure also include a system that
includes a processing device and a sensor assembly communicatively coupled to a
processing device. The sensor assembly is configured to be disposed within and move
along a pipe configured to flow a fluid. The sensor assembly includes a tubular
housing configured to be centrally retained within the pipe, the tubular housing
including an outer diameter smaller than an internal diameter of the pipe. The sensor
assembly also includes a plurality of ultrasonic elements coupled to and distributed
evenly along an external surface of the tubular housing to define a gap between an
outer surface of the ultrasonic elements and an intemal surface of the pipe. The
ultrasonic elements are configured to transmit ultrasonic signals and sense ultrasonic
signals reflected from the internal surface of the pipe to sense corrosion and scale
buildup information inside the pipe. The ultrasonic elements are configured to
transmit the information to the processing device.

[0012] In some implementations, the sensor assembly further includes a first
centering disc and a second centering disc. The first centering disc is coaxially
coupled to a first end of the tubular housing. The first centering disc includes an outer
diameter similar to the internal diameter of the pipe and defines an internal fluid
channel configured to receive fluid from the pipe as the sensor assembly moves along
the pipe and to direct the fluid to the gap between the ultrasonic elements and the
internal surface of the pipe. The internal fluid channel forms a tubular fluid column of
laminar flow that fluidically couples the ultrasonic elements with an internal surface of
the pipe. The second centering disc is coaxially coupled to a second end of the tubular
housing opposite the first end and has an outer diameter similar to the first centering
disc. The second centering disc includes an internal fluid channel configured to
receive, as the sensor assembly moves along the pipe, the fluid from the tubular fluid
column and is configured to direct the fluid to an outlet of the second centering disc.
In some implementations, the centering discs are detachable from the tubular housing.
In some implementations, the tubular housing is attachable to centering discs of

different sizes to fit within pipes of different internal diameters. In some
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implementations, each of the centering discs include a compliant outer surface
conformable to surface variations of the internal surface of the pipe.

[0013] In some implementations, the sensor assembly is configured to sense
corrosion and scale buildup information of at least one of the internal surface of the
pipe, an external surface of the pipe, and external fins of the pipe.

[0014] In some implementations, the processing device is communicatively
coupled to a memory storying instructions that can be executed by the processing
device to generate, based on the received information from the sensor assembly, a time
of flight curve representing a presence or absence of corrosion and scale buildup along
the pipe. In some implementations, the processing device includes a display device
configured to display a user interface, the processing device configured to perform
ultrasonic data acquisition associated with pipes, and the display device configured to
display, in the user interface, the time of flight curve generated by the processing
device.

[0015] Implementations of the present disclosure include a method that includes
receiving, by a processing device and from a sensor assembly communicatively
coupled to the processing device, corrosion and scale buildup information about an
internal surface of a pipe. The sensor assembly is disposable within and movable
along the pipe configured to flow a fluid. The sensor assembly includes a tubular
housing configured to be centrally retained within the pipe, the tubular housing
including an outer diameter smaller than an internal diameter of the pipe. The sensor
assembly also includes a plurality of ultrasonic elements coupled to and distributed
evenly along an external surface of the tubular housing to define a gap between an
outer surface of the ultrasonic elements and an intemal surface of the pipe. The
ultrasonic elements are configured to transmit ultrasonic signals and sense ultrasonic
signals reflected from the internal surface of the pipe to sense corrosion and scale
buildup information inside the pipe. The ultrasonic elements are configured to
transmit the information to the processing device. The method further includes
determining, based on the received information, a location of scale formation or
corrosion in the pipe.

[0016] In some implementations, determining the location of scale formation or
corrosion in the pipe includes determining a value representative of an amount of

corrosion or scale buildup in the pipe.
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[0017] In some implementations, the method further including generating, by the
processing device and based on the received information from the sensor assembly, a
time of flight curve representing a presence or absence of corrosion and scale buildup
along the pipe. In some implementations, the processing device includes a display
device configured to display a user interface, where the method further includes
performing, by the processing device, ultrasonic data acquisition associated with pipes,
and displaying, by the processing device on the display device, the time of flight curve
generated by the processing device.

[0018] In some implementations the sensor assembly is configured to sense
corrosion and scale buildup information of at least one of the internal surface of the
pipe, an external surface of the pipe, and external fins of the pipe. In some
implementations, receiving the information includes receiving corrosion and scale
buildup information of at least one of the internal surface of the pipe, the external

surface of the pipe, and the external fins of the pipe.

Brief Description of the Drawings

[0019] FIG. 1 is a perspective view of a sensor assembly according to
implementations of the present disclosure.

[0020] FIG. 2A is a side, partial cross-sectional view of the sensor assembly of
FIG. 1, the sensor assembly being disposed within a pipe.

[0021] FIG. 2B is a schematic diagram of a curve representing the interaction of
ultrasonic waves with different pipe surfaces.

[0022] FIG. 2C is a bottom cross-sectional, schematic view of a portion of a sensor
assembly showing beam steering capabilities.

[0023] FIG. 3 is a side, cross sectional view of the sensor assembly of FIG. 1, the
sensor assembly disposed within the pipe.

[0024] FIG. 4A shows a schematic view of a sensor assembly at different locations
of a finned pipe.

[0025] FIGS. 4B-4E illustrate time of flight curves of ultrasonic signals at the
respective locations of FIG. 4A.

[0026] FIG. 5 is an exploded view of the sensor assembly.

[0027] FIG. 6 is a flowchart of a method of locating scale formation and corrosion

in a pipe.
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Detailed Description of the Disclosure

[0028] The present disclosure relates to using a sensor assembly with ultrasonic
elements (for example, ultrasonic sensors) to detect corrosion and erosion of tubes.
The ultrasonic elements are attached to a tubular housing configured to be disposed
inside a tube. The ultrasonic elements send signals in a radial direction that reflect
from walls of the pipe back to the ultrasonic elements. A time of flight of the signals
is used to determine the presence or absence of corrosion or scale buildup. The tubular
housing is centered by centering rings that can direct fluid from the pipe to a gap
between the ultrasonic elements and an interior surface of the pipe to form a fluid
coupling that improves the readings of the ultrasonic elements.

[0029] Implementations of the present disclosure may provide one or more of the
following advantages. Corrosion and other defects inside and outside a pipe can be
detected by using ultrasonic signals. As opposed to tools that rely on electromagnetic
waves, the presence of ferromagnetic fins does not affect the readings of the sensor
assembly because, for example, ultrasonic waves do not reflect back from an interface
between the fins and the external surface of the pipe, if the interface match is perfect or
of similar material. For fins made of a dissimilar material than the pipe, the waves will
reflect back showing as the external surface on the screen. Thus, the detection of
corrosion, erosion, and scale build up is not affected by the presence of ferromagnetic
fins on the outer surface of the tube. Some systems for detection of corrosion and
scale buildup use electromagnetic sensors and instruments that detect corrosion from
outside the pipes. Some systems can only detect corrosion in the interior surface of a
pipe. The present disclosure describes a system that allows corrosion and scale
buildup to be reliably detected from inside the pipe. Additionally, the ultrasonic
elements can detect mechanically damaged fins (for example, broken or bent fins)
from the interior of the pipe.

[0030] FIG. 1 shows a sensor assembly 100 according to implementations of the
present disclosure. Sensor assembly 100 includes an array 102 of ultrasonic elements
108 (for example, ultrasonic transmitters and ultrasonic receivers) coupled to and
distributed (for example, evenly or irregularly distributed) along an external surface
such as an entire circumference of a tubular housing 308 (see FIGS. 2A and 3). The
number of ultrasonic elements 108 depend on the diameter of tubular housing 308.

For example, sensor assembly 100 can have 16, 32, 64, 128, 256, or more elements
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attached to tubular housing 308. As further described in detail later with respect to
FIGS. 2A and 3, sensor assembly 100 is configured to be disposed within a pipe to
detect corrosion, erosion, scale buildup (for example, sulfide scale buildup), and
thermal fatigue cracking in the pipe. Sensor assembly 100 can also detect fin defects
of the pipe (for example, broken fins), and other information that can compromise the
integrity of the pipe.

[0031] Sensor assembly 100 inspects a pipe by moving along a longitudinal axis of
the pipe to sense corrosion and scale buildup in the intenal surface of the pipe.
Ultrasonic elements 108 transmit ultrasonic signals that propagate toward an internal
wall of the pipe and sense ultrasonic signals reflected from the internal wall of the pipe
to sense corrosion and scale buildup information inside and outside the pipe. To sense
the corrosion and scale buildup information, tubular housing 308 (and by extension the
ultrasonic elements 108) of sensor assembly 100 is centrally retained within the pipe to
prevent tubular housing 308 from moving radially about the pipe. For example, sensor
assembly 100 has a first centering disc 104 and a second centering disc 106 that
constrain tubular housing 308 to movement along a central axis of the pipe. First
centering disc 104 is coaxially coupled to a first end of tubular housing 308 and second
centering disc 106 is coaxially coupled to a second end of tubular housing 308,
opposite the first end. As further described later with respect to FIGS. 2A and 3,
sensor assembly 100 includes cables 112 and 114 that extend from sensor assembly
100 to a processing device and a power source. Sensor assembly 100 also has internal
channels 110 with inlets 109 to receive fluid from the pipe and form a fluid ring
around ultrasonic elements 108 to improve ultrasonic coupling of elements 108 with
the wall of the pipe.

[0032] Referring to FIG. 2A, sensor assembly 100 can be disposed within a pipe
200 to detect internal corrosion 350, external corrosion 351, and other pipe defects.
For example, pipe 200 can be a finned pipe, and sensor assembly 100 can detect
broken and bent fins 203. Sensor assembly 100 can inspect a finned pipe of a heat
recovery steam generation (HRSG) system or a similar finned pipe such as a boiler
tube. Pipe 200 has an internal surface 201 and an external surface 205. Pipe 200 can
have external fins 202 that extend from external surface 205. As further described in
detail later, sensor assembly 100 can detect internal corrosion 350 (or other indications

or formations) in the internal surface 201 of pipe 200. Sensor assembly 100 can also
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detect external corrosion 351 (or thermal cracking and scale buildup) and damaged
fins 203 or bent fins.

[0033] Pipe 200 flows a fluid 60 such as water, cooling fluid, or gas. To inspect
pipe 200, sensor assembly 100 is disposed within pipe 200 from an inlet 283 of pipe
200 and moved along pipe 200 while pipe 200 flows fluid 60. Sensor assembly 100
can move along tubes by gravity, by fluid flow, or by an active source such as a motor
(not shown). For example, sensor assembly 100 can move along a vertical or inclined
pipe from the inlet 283 of the pipe 200 to an outlet of pipe 200, in which the inlet of
pipe 200 is at a higher elevation than the outlet of pipe 200. In another example, a
fluid at a first pressure can be flowing at one end of sensor assembly 100 such that the
fluid in pipe 200 on the other end of sensor assembly 100 is at a second pressure lower
than the first pressure, such that the pressure differential moves sensor assembly 100
along pipe 200. Additionally, a motor with a propeller (not shown) can be attached to
sensor assembly 100 to move sensor assembly 100 along pipe 200. Centering discs
104 and 106 help ensure that sensor array 102 travels along the center of pipe 200 as
sensor assembly 100 moves along pipe 200.  Ultrasonic elements 108 are
communicatively connected, through a cable 114, to a processing device 208 such as a
phased array instrument. For example, ultrasonic elements 108 can be electrically
coupled to circuitry 304 that is electrically coupled, through cable 114 or wirelessly or
both, to processing device 208. Ultrasonic elements 108 can be powered by a power
cable 122 connected to circuitry 304.

[0034] Processing device 208 has a display device 210 configured to display a user
interface with readings of the sensor assembly 100. Processing device 208 can be
configured to perform ultrasonic data acquisition specific for pipes and finned pipes.
For example, referring also to FIG. 2B, the ultrasonic elements 108 can sense reflected
signals (for example, mechanical waves) that produce readings of a finned pipe that
can be sent to processing device 208 for analysis. Upon receiving the readings,
processing device 208 can generate a curve 390 or graph representing the ultrasonic
interaction of the signals with the walls of pipe 200. Ultrasound may travel as
mechanical waves 388. Mechanical waves 388 may be planar in nature, and can travel
in a medium such as fluid (for example, liquid) and solid surfaces such as across the
walls and fins 202 of pipe 200. At any interface (for example, at the boundary

between two dissimilar materials) an interacted wave portion reflects back to
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ultrasonic elements 108. When ultrasonic elements 108 sense the reflected waves,
such information is sent to processing device 208 to display the information on display
device 210 represented as peaks in the graph 390. More specifically, a portion of the
waves 388 will reflect back from internal wall 201, a portion of waves 388 will reflect
back from a corroded surface 350 of internal wall 201, another portion of waves 388
will reflect back from the external surface 205 of pipe 200, another portion of waves
388 will reflect back from an edge 273 of a broken fin 203, and a last portion of waves
388 will reflect back from an edge 275 of an ‘intact’ fin 202. In the case of bent fins
(not shown), the waves 388 will not reflect back from the edge of the fin. Each
reflected wave reaches ultrasonic elements 108 at a different time, represented in the
graph 390 as spaces between the peaks. Thus, a time of flight of the planar waves 388
provide the information for the location of damages in the radial direction of pipe 200.
As such, when there is no problem or damage in pipe 200 (for example, there is no
corrosion and no damaged fins) electronic display 210 only displays the indications or
peaks from waves reflected from internal surface 201, external surface 205, and from
the edges 275 of intact fins 202. To detect a location of the damage along an axial
direction of pipe 200, sensor assembly 100 can be equipped with one or more micro
encoders that can mark a precise location of flaws in the axial direction. As further
discussed in detail later with respect to FIGS. 4A-4D, display device 210 can display a
time of flight curve representing a presence and location of corrosion and scale buildup
along pipe 200.

[0035] Ultrasonic elements 108 include ultrasonic transmitters and ultrasonic
receivers that form an ultrasonic phased array 102 to sense corrosion and scale buildup
information inside pipe 200. Ultrasonic elements transmit the corrosion and scale
buildup information to computing device 208 to process the information. Ultrasonic
elements 108 are coupled to and distributed evenly along an external surface 309 of
tubular housing 308 to define a gap ‘g’ between an outer surface 111 of the ultrasonic
elements 108 and internal surface 201 of pipe 200. As described earlier, ultrasonic
elements 108 can transmit ultrasonic signals in a radial direction of the pipe 200 and
sense ultrasonic signals reflected from internal surface 201 of pipe 200 to sense
corrosion and scale buildup information inside pipe 200.

[0036] For example, the ultrasonic transmitters of the ultrasonic elements 108 send

ultrasonic signals (for example, mechanical waves such as pressure waves)
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continuously toward internal surface 201 as sensor assembly 100 moves along pipe
200. The ultrasonic signals travel from the transmitter to internal surface 201 of pipe
200 through fluid. The ultrasonic signals reflect back from internal surface 201 to the
ultrasonic receivers. A time of flight of the signals can be used to determine if there is
corrosion in internal surface 201. In this disclosure, time of flight is the time it takes a
signal to travel from a transmitter, to a surface of the pipe, and back to a receiver. The
distance from ultrasonic elements 108 to a surface of pipe 200 can vary if there is
corrosion in pipe 200. For example, a signal may travel a longer distance when
reflected back from a corroded surface than from a surface without corrosion.
Similarly, a signal may travel a shorter distance when reflected back from a scale
formation than from a surface without scale formation. If the ultrasonic signal reflects
from a portion of internal surface 201 that does not have corrosion, the time of flight of
the signal indicates that there is no corrosion. If the ultrasonic signal reflects from a
portion of internal surface 201 that has corrosion, the time of flight of the ultrasonic
signal can be longer than if there is no corrosion, indicating that there is or there could
be corrosion in pipe 200. The time of flight of the ultrasonic signals can be used by
processing device 208 to determine the presence of corrosion inside and outside pipe
200.

[0037] As opposed to tools that rely on electromagnetic waves, the presence of
ferromagnetic fins 202 does not affect the readings of sensor assembly 100 because the
nature of the ultrasonic wave is not affected by fins 202. For example, because
ultrasonic waves are mechanical in nature, the ultrasonic waves can travel through the
interface between the fins and the outer surface of the pipe without reflecting back to
the ultrasonic elements 108.

[0038] As shown in FIG. 2C, ultrasonic elements 108 can also sense thermal
fatigue cracking 295 (for example, cracking in the axial direction) at external surface
205 of pipe 200 by using beam steering capabilities of ultrasonic element array 102.
For example, a group of ultrasonic elements 108a can be ‘steered’ to generate
ultrasonic waves 388a in a particular direction (for example, in a non-orthogonal
direction with respect to the external surface of the elements), which can depend on the
diameter of the sensor array 102 and the pipe 200, and on the space between ultrasonic
elements 108 and internal surface 201 of pipe 200. The group of ultrasonic elements

108a can fire sequentially, all across the ultrasonic elements to provide full coverage
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for detecting cracks in the external surface 205. The rest of ultrasonic sensors 108b can
send signals in an orthogonal direction when the group of ultrasonic sensors 108a are
not sending signals. Additionally, for beam steering, the set of ultrasonic elements
108a can circle around the full sensor assembly in 360 degrees to provide a full
coverage on the external surface of the pipe 200, and for higher sensitivity, the same
can be accomplished in clockwise direction.

[0039] Centering discs 104 and 106 are coaxially coupled to tubular housing 308
to ensure that sensor array 102 is centrally retained within pipe 200 as sensor assembly
100 moves through pipe 200. By remaining generally centered along pipe 200,
ultrasonic elements 108 can accurately sense corrosion and scale buildup information
in pipe 200. Ultrasonic elements 108 are attached to tubular housing 308 that has an
outer diameter smaller than an internal diameter of pipe 200. For example, ultrasonic
elements 108 around tubular housing 308 form an outer diameter ‘d’ that is smaller
than internal diameter ‘ID’ of pipe 200 to define the gap ‘g’ between the sensors 108
and internal surface 201 of pipe 200. The internal diameter ‘ID” of pipe 200 can be,
for example, 1.5, 2, or 2.25 inches. First centering disc 104 and second centering disc
106 have respective outer diameters that are similar to internal diameter ‘ID of pipe
200 to snuggly fit within pipe 200. Centering discs 104 and 106 can retain tubular
housing 308 centrally within pipe 200 such that a longitudinal axis of tubular housing
308 remains generally aligned with a central axis of pipe 200 as sensor assembly 100
moves along pipe 200. Centering discs 104 and 106 can have a compliant outer
surface that is conformable to surface variations of internal surface 201 of pipe 200.
The compliant surface of centering discs 104 and 106 can help retain tubular housing
308 within the center of pipe 200 when passed through surface variations (for
example, variations that extend inwardly 2 mm from the internal surface 201),
increasing a reliability and accuracy of the readings.

[0040] Sensor assembly 100 can be electrically connected, through cable 112, to a
rotating cleaning brush 218. Rotating brush 218 has bristles 216 extending from a
periphery of brush 218 configured to clean interior surface 201 of pipe 200. Interior
surface 201 of pipe 200 can be cleaned by rotating brush 218 to prepare pipe 200 to be
inspected by sensor assembly 100. For example, rotating brush 218 can travel in front
of sensor assembly 100 to remove crud and corrosion products inside pipe 200 to

allow sensor assembly 100 to detect defects of pipe 200. Rotating brush 218 can be
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powered by power cable 112 connected to a power source (not shown). Power cable
112 is electrically connected to an adjustable speed electric motor 226 of brush 218.
Cable 112 passes through a center hole 228 of tubular housing 308 that extends from
first centering disc 104 to second centering disc 106. For example, cable 112 can be
connected to circuitry 304 at one end of sensor assembly 100, and extend from
circuitry 304 at an opposite end of sensor assembly 100 to connect to brush 218.
Circuitry 304 can be housed within hole 228 inside a sealed case that protects the
circuitry from fluid 60 inside pipe 200. A width of brush 218 and of the sensor
assembly 100, and a distance between brush 218 and sensor assembly 100 can be kept
to a minimum to allow brush 218 and sensor assembly 100 to be maneuvered across
bends in pipe 200.

[0041] FIG. 3 shows a cross-section of sensor assembly 100 to illustrate an
example implementation of centering discs 104 and 106 with internal fluid channels
110. Fluid channels 110 receive fluid 60 from pipe 200 as sensor assembly 100 is
moved along pipe 200. Fluid channels 110 direct fluid 60 from outside sensor
assembly 100 to the gap ‘g’ (see FIG. 2A) between ultrasonic elements 108 and
internal wall 201 to form a fluid coupling between the two. For example, fluid
channels 110 are shaped to form, as sensor assembly 100 moves along pipe 200, a
tubular fluid column 360 or fluid ring of laminar flow that couples (for example,
fluidically couples) ultrasonic elements 108 with internal surface 201 of pipe 200. The
fluid coupling allows the ultrasonic signals a traveling medium and thus improve the
readings of sensor assembly 100. Fluid channels 110 are radial channels, extending
radially inside centering discs 104 and 106. For example, a fluid channel 110a of first
centering disc 104 extends from one or more inlets 109 facing fluid 60 to a common
outlet 113 of annular shape. As fluid 60 flows out of channel 110a through outlet 113,
fluid 60 forms fluid column 360 that contacts ultrasonic elements 108 and internal
surface 201 of pipe 200. Fluid column 360 is received by inlet 115 of fluid channel
110b of second centering disc 106. Fluid channel 110b directs fluid 60 of the fluid
column 360 to an outlet 117 of fluid channel 110b to mix with fluid 60 flowing in pipe
200.

[0042] FIG. 4A shows sensor assembly 100 at different locations of a pipe 200.
FIGS. 4B-4E, illustrate time of flight curves (for example, time of flight vs time
curves) generated by processing device 208 (see FIG. 2A). As shown in FIG. 4A, the
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time of flight curves are generated base on information received from sensor assembly
100 as sensor assembly 100 moves along pipe 200. The time of flight curves represent
the presence or absence of corrosion and scale buildup along pipe 200 at different
locations of pipe 200. For example, as shown in FIG. 4A, sensor assembly 100 moves
along pipe 200 and senses information about pipe 200 at locations 4B, 4C, 4D, and 4E.
FIG. 4B illustrates a time of flight curve generated based on information sensed at
location 4B, FIG. 4C illustrates a time of flight curve generated based on information
sensed at location 4C, FIG. 4D illustrates a time of flight curve generated based on
information sensed at location 4D, and FIG. 4E illustrates a time of flight curve
generated based on information sensed at location 4E.

[0043] Referring to FIGS. 4A and 4B, sensor assembly 100 is positioned at a
‘good location” 4B of pipe 200. Pipe 200 does not have corrosion or broken fins at
location 4B. Thus, FIG. 4B illustrates a curve for which the signals reflected from the
internal surface, the external surface, and the fins have a normal time of flight.
Referring to FIGS. 4A and 4C, sensor assembly 100 is positioned at a ‘bad location’
4C of pipe 200. Pipe 200 has internal corrosion 350 or scale buildup at location 4C.
Thus, FIG. 4C illustrates a curve for which the signals reflected from the external
surface and the fins have a normal time of flight, and for which the signals reflected
from the internal surface indicates that there is corrosion in pipe 200. Referring to
FIGS. 4A and 4D, sensor assembly 100 is positioned at a ‘bad location” 4D of pipe
200. Pipe 200 has a broken fin 203 at location 4D. Thus, FIG. 4D illustrates a curve
for which the signals reflected from the internal surface and the external surface have a
normal time of flight, and for which the signals reflected from broken fin 203 indicate
that there is a broken fin in pipe 200. Referring to FIGS. 4A and 4E, sensor assembly
100 is positioned at a ‘bad location’ 4E of pipe 200. Pipe 200 has internal corrosion or
scale buildup and a broken fin at location 4E. Thus, FIG. 4E illustrates a curve for
which the signals reflected from the external surface has a normal time of flight, and
for which the signals reflected from the internal surface and from broken fin 203
indicates that there is corrosion or scale buildup and a broken fin.

[0044] Referring to FIG. 5, centering discs 104 and 106 can be detachable
centering discs. Centering discs 104 and 106 detach from respective ends 502 and 504
of tubular housing 308 to allow tubular housing 308 to be attached to centering discs

of different sizes to fit within pipes of different internal diameters.
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[0045] FIG. 6 shows a flowchart of an example method 600 of detecting corrosion
in a pipe. The method includes receiving, by a processing device and from a sensor
assembly communicatively coupled to the processing device, corrosion and scale
buildup information about an internal surface of a pipe (602). The sensor assembly is
disposable within and movable along the pipe configured to flow a fluid. The method
also includes determining, based on the received information, a location of scale
formation or corrosion in the pipe (604).

[0046] Although the present implementations have been described in detail, it
should be understood that various changes, substitutions, and alterations can be made
hereupon without departing from the principle and scope of the disclosure.
Accordingly, the scope of the present disclosure should be determined by the
following claims and their appropriate legal equivalents.

[0047] The singular forms "a", "an" and "the" include plural referents, unless the
context clearly dictates otherwise.

[0048] Optional or optionally means that the subsequently described event or
circumstances may or may not occur. The description includes instances where the
event or circumstance occurs and instances where it does not occur.

[0049] Ranges may be expressed herein as from about one particular value, or to
about another particular value or a combination of them. When such a range is
expressed, it is to be understood that another implementation is from the one particular
value or to the other particular value, along with all combinations within said range or
a combination of them.

[0050] Throughout this application, where patents or publications are referenced,
the disclosures of these references in their entireties are intended to be incorporated by
reference into this application, in order to more fully describe the state of the art to
which the disclosure pertains, except when these references contradict the statements
made herein.

[0051] As used herein and in the appended claims, the words "comprise," "has,"
and "include" and all grammatical variations thereof are each intended to have an
open, non-limiting meaning that does not exclude additional elements or steps.

[0052] As used herein, terms such as "first" and "second" are arbitrarily assigned
and are merely intended to differentiate between two or more components of an

apparatus. It is to be understood that the words "first" and "second" serve no other
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purpose and are not part of the name or description of the component, nor do they
necessarily define a relative location or position of the component. Furthermore, it is
to be understood that that the mere use of the term "first" and "second" does not
require that there be any "third" component, although that possibility is contemplated
under the scope of the present disclosure.

[0053] Although the following detailed description contains many specific details
for purposes of illustration, it is understood that one of ordinary skill in the art will
appreciate that many examples, variations, and alterations to the following details are
within the scope and spirit of the disclosure.  Accordingly, the example
implementations described herein and provided in the appended figures are set forth
without any loss of generality, and without imposing limitations on the claimed
implementations. For example, the implementations are described with reference to a
tee pipe fitting. However, the disclosure can be implemented with any appropriate

pipe fitting that connects two or more pipes flowing fluids of different pressures.
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That which is claimed is:

1. A sensor assembly communicatively coupled to a processing device, the sensor
assembly configured to be disposed within and move along a pipe configured to flow a
fluid, the sensor assembly comprising:

a tubular housing configured to be centrally retained within the pipe, the
tubular housing comprising an outer diameter smaller than an internal diameter of the
pipe; and

a plurality of ultrasonic elements coupled to and distributed evenly along an
external surface of the tubular housing to define a gap between an outer surface of the
ultrasonic elements and an internal surface of the pipe, the ultrasonic elements
configured to transmit ultrasonic signals and sense ultrasonic signals reflected from the
internal surface of the pipe to sense corrosion and scale buildup information inside the
pipe, the ultrasonic elements configured to transmit the information to the processing

device.

2. The sensor assembly of claim 1, further comprising:

a first centering disc coaxially coupled to a first end of the tubular housing, the
first centering disc comprising an outer diameter similar to the internal diameter of the
pipe, the first centering disc defining an internal fluid channel configured to receive
fluid from the pipe as the sensor assembly moves along the pipe and direct the fluid to
the gap between the ultrasonic elements and the internal surface of the pipe to form a
tubular fluid column of laminar flow that fluidically couples the ultrasonic elements
with an internal surface of the pipe; and

a second centering disc coaxially coupled to a second end of the tubular
housing opposite the first end, the second centering disc having an outer diameter
similar to the first centering disc, the second centering disc comprising an internal
fluid channel configured to receive, as the sensor assembly moves along the pipe, the
fluid from the tubular fluid column and configured to direct the fluid to an outlet of the

second centering disc.
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3. The sensor assembly of claim 2, wherein the centering discs are detachable
from the tubular housing, and wherein the tubular housing is attachable to centering

discs of different sizes to fit within pipes of different internal diameters.

4, The sensor assembly of claim 2, wherein each of the centering discs comprise a

compliant outer surface conformable to surface variations of the internal surface of the

pipe.

5. The sensor assembly of claim 1, wherein the sensor assembly is configured to
sense corrosion and scale buildup information of at least one of the internal surface of

the pipe, an external surface of the pipe, and external fins of the pipe.

6. The sensor assembly of claim 5, wherein the ultrasonic elements are configured
to sense corrosion and scale buildup information of the external surface of the pipe and
to sense damage information of the external fins of the pipe by sensing ultrasonic

signals reflected back from an interface between two dissimilar materials.

7. The sensor assembly of claim 1, wherein the sensor assembly is configured to
sense thermal fatigue cracking at an external surface of the pipe by steering a direction
of the ultrasonic signals transmitted by the ultrasonic elements to travel in a non-

orthogonal direction with respect to an external surface of the ultrasonic elements.

8. The sensor assembly of claim 1, wherein the processing device is configured to
generate, based on the information, a time of flight curve representing a presence or

absence of corrosion and scale buildup along the pipe.

9. The sensor assembly of claim 8, wherein the processing device comprises a
display device configured to display a user interface, the processing device configured
to perform ultrasonic data acquisition associated with pipes, the display device
configured to display, in the user interface, the time of flight curve generated by the

processing device.
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10. The sensor assembly of claim 1, wherein the sensor assembly is electrically
coupled to a rotating cleaning brush configured to clean an interior diameter of the

pipe to prepare the pipe to be inspected by the sensor assembly.

11. A system comprising:

a processing device; and

a sensor assembly communicatively coupled to a processing device, the sensor
assembly configured to be disposed within and move along a pipe configured to flow a
fluid, the sensor assembly comprising:

a tubular housing configured to be centrally retained within the pipe,
the tubular housing comprising an outer diameter smaller than an internal
diameter of the pipe; and

a plurality of ultrasonic elements coupled to and distributed evenly
along an external surface of the tubular housing to define a gap between an
outer surface of the ultrasonic elements and an internal surface of the pipe, the
ultrasonic elements configured to transmit ultrasonic signals and sense
ultrasonic signals reflected from the internal surface of the pipe to sense
corrosion and scale buildup information inside the pipe, the ultrasonic elements

configured to transmit the information to the processing device.

12. The system of claim 11, wherein the sensor assembly further comprises:

a first centering disc coaxially coupled to a first end of the tubular
housing, the first centering disc comprising an outer diameter similar to the
internal diameter of the pipe, the first centering disc defining an internal fluid
channel configured to receive fluid from the pipe as the sensor assembly moves
along the pipe and direct the fluid to the gap between the ultrasonic elements
and the internal surface of the pipe to form a tubular fluid column of laminar
flow that fluidically couples the ultrasonic elements with an internal surface of
the pipe; and

a second centering disc coaxially coupled to a second end of the tubular
housing opposite the first end, the second centering disc having an outer
diameter similar to the first centering disc, the second centering disc

comprising an internal fluid channel configured to receive, as the sensor
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assembly moves along the pipe, the fluid from the tubular fluid column and

configured to direct the fluid to an outlet of the second centering disc.

13. The system of claim 11, wherein the sensor assembly is configured to sense
corrosion and scale buildup information of at least one of the internal surface of the

pipe, an external surface of the pipe, and external fins of the pipe.

14. The system of claim 11, wherein the processing device is communicatively
coupled to a memory storying instructions that, when executed by the processing
device, cause the processing device to generate, based on the received information
from the sensor assembly, a time of flight curve representing a presence or absence of

corrosion and scale buildup along the pipe.

15. The system of claim 14, wherein the processing device comprises a display
device configured to display a user interface, the processing device configured to
perform ultrasonic data acquisition associated with pipes, the display device
configured to display, in the user interface, the time of flight curve generated by the

processing device.

16. A method comprising:

receiving, by a processing device and from a sensor assembly communicatively
coupled to the processing device, corrosion and scale buildup information about an
internal surface of a pipe, the sensor assembly disposable within and movable along
the pipe configured to flow a fluid, the sensor assembly comprising:

a tubular housing configured to be centrally retained within the pipe,
the tubular housing comprising an outer diameter smaller than an internal
diameter of the pipe, and

a plurality of ultrasonic elements coupled to and distributed evenly
along an external surface of the tubular housing to define a gap between an
outer surface of the ultrasonic elements and an internal surface of the pipe, the
ultrasonic elements configured to transmit ultrasonic signals and sense

ultrasonic signals reflected from the internal surface of the pipe to sense
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corrosion and scale buildup information inside the pipe, the ultrasonic elements
configured to transmit the information to the processing device; and
determining, based on the received information, a location of scale formation

or corrosion in the pipe.

17. The method of claim 16, wherein determining the location of scale formation
or corrosion in the pipe comprises determining a value representative of an amount of

corrosion or scale buildup in the pipe.

18.  The method of claim 16, further comprising generating, by the processing
device and based on the received information from the sensor assembly, a time of
flight curve representing a presence or absence of corrosion and scale buildup along

the pipe.

19. The method of claim 18, wherein the processing device comprises a display
device configured to display a user interface, and wherein the method further
comprises:

performing, by the processing device, ultrasonic data acquisition
associated with pipes, and
displaying, by the processing device on the display device, the time of

flight curve generated by the processing device.

20. The method of claim 16, wherein the sensor assembly is configured to sense
corrosion and scale buildup information of at least one of the internal surface of the
pipe, an external surface of the pipe, and external fins of the pipe, and wherein
receiving the information comprises receiving corrosion and scale buildup information
of at least one of the internal surface of the pipe, the external surface of the pipe, and

the external fins of the pipe.
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