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(57) Abstract: A device for acoustic measuring in a medium
in a borehole such as velocity of sound in the medium or ve-
locity of the medium, includes at least a first acoustic array
situated in a first, slanted sidewall of a measuring area and
operating to emit a series of acoustic waveforms across a
measuring area. In one form, the device includes a second
acoustic array situated in a second, slanted sidewall of the
measuring arca and operating to receive an acoustic signal
resulting from the emitted series of acoustic waveforms or to
receive said acoustic signal and emit a second series of acous-
tic waveforms. A the processor measures a time between
when a predefined portion of one of the series of acoustic
waveforms was emitted and when a predefined portion of the
received acoustic signal corresponding to the predefined por-
tion of one of the series of acoustic waveforms is received by
the acoustic receiver, and correlates the measured time to a
reference time, then outputs a correlation factor for determin-
ing the velocity of sound in the medium in the measuring
area. The processor may also calculate transit time for the two
emitted acoustic signals or echoes from the first emitted
acoustic signals to determine medium flow velocity.
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SYSTEM AND DEVICE FOR ACOUSTIC MEASURING

[0001]

[0002]

[0003]

[0004]

IN A MEDIUM

Field of the Invention

The present invention relates to the field of acoustic measurement
devices and, more particularly, to devices for acoustic measuring in a

medium.

Background

Within the drilling industry, LWD (Logging While Drilling) devices
have used acoustic pulse-echo measurements to measure a variety of
parameters of a bore hole such as standoff, caliper, imaging and the
like. These devices have one or more acoustic transducers that emit
an acoustic pulse toward a surface being probed and then receive a
reflected signal. Time between when the acoustic pulse is emitted and
when a reflected signal is received (acoustic transit time) can then be
used in the determination of distance. When the velocity of sound in a
medium 1s known, acoustic transit time can be used to determine exact

distance between the acoustic transducer and the surface being probed.
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Because the acoustic transducer of these devices is positioned such
that at least some if not all of the acoustic signal path propagates
through a fluid medium in the bore hole (e.g. a liquid such as drilling
mud or mud), inaccuracies are introduced into the value of the speed
of sound in the fluid medium (known as the acoustic velocity of the
medium). Inaccuracy in the measurement of acoustic velocity
translates into inaccuracy in the determination of distance. In the
context of a bore hole, presence of the drilling mud creates
1naccuracies into the determination of distance given that the precise

acoustic velocity of the mud is not known.

Because drilling mud 1s formulated to exhibit particular properties,
each formulation has a unique acoustic velocity. In addition, during
the drilling process the speed of sound in the mud is determined by
factors other than its initial unique acoustic velocity such as mud type
(o1l or water), mud weight, mud density, mud temperature, mud
pressure, the amount of cuttings in the mud, the amount of formation
fluids entering the mud, and the like. Conditions change such that the

acoustic velocity in the mud changes. Therefore, it is difficult to
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accurately determine acoustic velocity in a fluid medium within a bore

hole during drilling.

Because many LWD bore hole measurements use acoustic velocity to
determine distance, it is desirable during the drilling process to be able
to accurately determine the acoustic velocity in a medium in a bore
hole. Moreover, it is desirable to be able to accurately calibrate the
various LWD measurements through accurate measurement of
acoustic velocity in a medium in a bore hole during the drilling
process. Moreover, it may be desirable to determine mud velocity or

speed within the bore hole.

The problems 1in the prior art, the desirables presented above and more

are addressed by the present invention.

Summary of the Invention

The present invention is an acoustic measuring system, device and
method for acoustic measuring in a medium, particularly but not
necessarily, in a bore hole. The present acoustic measuring system,

device and method are moreover adapted for acoustic measurement in
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a medium within other bounded spaces such as pipes, conduit, blood
vessels and the like. Without being exhaustive, the present acoustic
measuring system, device and method may be used to measure
velocity of sound in a medium or to measure flow velocity of a

medium within a bore hole.

In one form, an apparatus according to the principles of the present
invention, comprises a measuring area, an acoustic transmitter situated
relative to a first surface of the measuring area, an acoustic receiver
situated relative to a second surface of the measuring area and non-
parallel to the first surface, and a processor in communication with the
acoustic transmitter and the acoustic receiver. At least one of the
acoustic transmitter or the acoustic receiver has a plurality of acoustic
elements, the acoustic transmitter is operable to emit a series of
acoustic waveforms, and the acoustic receiver is operable to receive an
acoustic signal that is a result of the series of acoustic waveforms.

The processor is operable to measure a time between when a
predefined portion of one of the series of acoustic waveforms was
emitted and when a predefined portion of the received acoustic signal

corresponding to the predefined portion of one of the series of acoustic
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waveforms is received by the acoustic receiver, correlate the measured
time to a reference time of an acoustic waveform traveling in a known
medium, the reference time corresponding to a velocity of sound in the
known medium; and output a correlation factor which may be used to

determine the velocity of sound in the medium in the measuring area.

In one form, a method according to the principles of the present
invention, comprises providing a device having a measuring area, an
acoustic transmitter situated in a first surface of the measuring area,
the acoustic transmitter in communication with a processor, and an
acoustic receiver situated in a second surface of the measuring area
and non-parallel to the first surface, the acoustic receiver in
communication with the processor, wherein at least one of the acoustic
transmitter or the acoustic receiver has a plurality of acoustic
elements, the acoustic transmitter is operable to emit a series of
acoustic waveforms that result in one effective waveform in the
media, and the acoustic receiver is operable to receive an acoustic
signal that 1s a result of the unique individual acoustic waveforms
from each element. The method including measuring via the

processor, a time between when a predefined portion of one of the
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series of acoustic waveforms was emitted and when a predefined
portion of the received acoustic signal corresponding to the predefined
portion of one of the series of acoustic waveforms is received by the
acoustic receiver, correlating via the processor, the measured time to a
reference time of an acoustic waveform traveling in a known medium,
the reference time corresponding to a velocity of sound in the known
medium, and outputting via the processor, a correlation factor which
may be used to determine the velocity of sound in the medium in the

measuring area.

In another form, an apparatus and method according to the principles
of the present invention, comprises a measuring area, a first acoustic
transducer array situated relative to a first surface of the measuring
area, a second acoustic transducer array situated relative to a second
surface of the measuring area and non-parallel to the first surface, and
a processor in communication with the first and second acoustic
transducer arrays. The first acoustic transducer array is operable to
emit a series of acoustic waveforms in a direction of medium flow,
while the second acoustic transducer array is operable to receive an

acoustic signal that is a result of the series of acoustic waveforms
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emitted by the first acoustic transducer array. The processor is
operable to measure a time between when a predefined portion of one
of the series of acoustic waveforms was emitted by the first acoustic
transducer array and when a predefined portion of the received
acoustic signal corresponding to the predefined portion of one of the
series of acoustic waveforms is received by the second acoustic
transducer array. The second acoustic transducer array is operable to
emit a series of acoustic waveforms in a direction opposite of medium
flow, while the first acoustic transducer array is operable to receive an
acoustic signal that is a result of the series of acoustic waveforms
emitted by the second acoustic transducer array. The processor is
operable to measure the time between when a predefined portion of
one of the series of acoustic waveforms was emitted by the second
acoustic transducer array and when a predefined portion of the
received acoustic signal corresponding to the predefined portion of
one of the series of acoustic waveforms is received by the first
acoustic transducer array, and calculate medium flow speed or
velocity based on the measured travel times of the two emitted

acoustic waveforms.
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In another form of an apparatus and method according to the
principles of the present invention, comprises a measuring area, an
acoustic transducer array situated relative to a first slanted surface of
the measuring area, and a processor in communication with the
acoustic transducer array. The acoustic transducer array is operable to
emit a series of acoustic waveforms in a direction of medium flow and
to receive an acoustic signal that is a result of echoes from particulates
in the medium. The processor operable to calculate frequency shift of

the returned acoustic signal.

Brief Description of the Drawings

Fig. 1 illustrates an exemplary Bottom Hole Assembly (BHA) for a
drilling operation having or incorporating the present velocity

measuring device or tool (VMD) as provided herein.

Fig. 2 depicts an azimuthal cross section of the velocity measuring
device or tool VMD, the VMD surrounded by a bore hole wall BHW

of a bore hole in a Formation.



WO 2012/178013 PCT/US2012/043755

[0017]

[0018]

[0019]

[0020]

[0021]

9
Fig. 3 shows a velocity measuring device in accordance with the
principles of the present invention with the acoustic transmitter AT
thereof emitting an acoustic waveform AW for reception by the

acoustic receiver AR thereof.

Fig. 4 shows a predefined point represented by an asterisk on the

waveform.

Fig. 5 illustrates the sequential firing of a piezoelectric array of the

acoustic transmitter AT of the present velocity measuring device.

Fig. 6 shows an acoustic measuring device in accordance with the
present principles illustrating the manner in which an acoustic signal is
sent from the angled acoustic piezoelectric transmitting array ATA
thereof and received by the acoustic piezoelectric receiving array

ARA thereof.

Fig. 7 shows an acoustic measuring device in accordance with the
present principles illustrating a first part of a manner of measuring

mud flow speed.
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Fig. 8 shows the acoustic measuring device of Fig. 7 illustrating a

second part of the manner of measuring mud flow speed.

Fig. 9 shows an acoustic measuring device in accordance with the
present principles illustrating a further manner of measuring mud flow

speed.

Detailed Description

Fig. 1 illustrates an exemplary Bottom Hole Assembly (BHA) for a
drilling operation having or incorporating the present velocity
measuring device or tool (VMD) as provided herein. The BHA has a
typical drill bit, motor, direction tool, one or more LWDs, and the
present VMD. The components of the BHA, like the drilling pipe
itself, are cylindrical, hollow, and threaded one each end in order to
mount with pipe or BHA component (e.g. LWD, VMD or Direction),
the outer diameter of the BHA components being less than that of the
drill bit. Drilling mud 1s introduced through a tube or conduit T that
extends from the surface of the bore hole to the BHA, with the tube T

formed through the BHA components by their respective hollows.
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The drilling mud exits the tube T via the drill bit such that the mud
flows around the drill bit, into and circulates upward through the bore
hole (as represented by the arrows emanating from the end of drill bit)
towards the surface of the bore hole. It should be appreciated that the
VMD and/or other BHA components other than the drill bit may be

rotated during drilling or held stationary while the drill bit rotates.

A Processor is in communication with the VMD as well as other BHA
components (e.g. LWDs). The Processor may be incorporated into the
VMD or may separate from the VMD. When separate, the Processor
may be a stand alone device (e.g. a computer), as part of another BHA
component or otherwise. In all cases, the Processor is configured and

operable to perform the functions and features described herein.

A measuring area MA is provided in a face or surface of the
measuring tool, the measuring area MA defined by a concavity,
chamber, depression, hollow, recess, notch, indention or the like. Fig,
2 depicts an azimuthal cross section of the velocity measuring device
or tool VMD, the VMD surrounded by a bore hole wall BHW of a

bore hole in a Formation. The VMD may rotate about the axis of
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rotation AX. Fig. 2 particularly shows an exemplary embodiment of a
measuring area MA disposed in the cylindrical surface of the VMD.
The measuring area MA extends a depth into the tool and defines a
bottom B with first and second sides, surfaces or side surfaces S1 and
S1, it being understood that the nomenclature first and second 1s
arbitrary. The bottom B is preferably, but not necessarily, rounded
rather than squared in the azimuthal direction in order to achieve
better flow characteristics within the notch thereby alleviating and/or
preventing clogging. The lateral walls of the measuring area MA are

rounded as well.

It should be appreciated that care be taken to avoid making the depth
of the measuring area MA too deep. Any cut in the tool weakens the
structural integrity of the tool especially if the tool is used rotating in a
deviated or non-linear bore hole. Large cuts in the tool greatly
weaken the tool. Large cuts in the tool can also collect debris which
may interfere with an accurate measurement. The measuring area MA

thus has to be a very gentle profile.
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Rather than being perpendicular (a vertical at 90°) to the bottom B of
the measuring area MA, the first side S1 angles away from the vertical
(outwardly) in a counterclockwise direction as viewed in Fig. 2, while
the second side S2 angles from the vertical (outwardly) in a clockwise
direction as viewed in Fig. 2, such that the sides S1, S2 are non-
parallel. The angle ([J) of each side S1, S2 relative to the vertical is
preferably, but not necessarily, the same. While the angle of a side
S1, S2 may vary from the vertical, the angle must not be so great such
that sound emanating from the acoustic transmitter/transducer (AT)
does not reflect off the bore hole wall BHW. Thus it is preferable that
the angle of the sides be between 15° and 35°. In Fig. 2, the first side
S1 is angled approximately 20° from the vertical (90°) in the
counterclockwise direction while the second side is angled
approximately 20° from the vertical in the clockwise direction.
Because the angles of the sides S1, S2 is known, the distance between
the two sides S1, S2 is now known (see D of Fig. 3). Distance is now

controlled and is no longer an unknown.

As indicated, an acoustic transmitter or transducer AT is provided on,

1n, into or relative to the side or surface S1 and an acoustic receiver or
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transducer AR is provided on, in, into or relative to the side or surface
S2. While various types of acoustic transmitters and receivers may be
used, the present invention contemplates and preferably, but not
necessarily, uses ultrasonic transmitters/receivers (transducers) such as

piezoelectric transmitters/receivers (transducers).

In one form, the acoustic transmitter AT is formed of a plurality of
acoustic transmitting elements (an acoustic transmitting array) and the
acoustic receiver AR is formed of a plurality of acoustic receiving
elements (an acoustic receiving array). In another form, the acoustic
transmitter AT is formed of a plurality of acoustic transmitting
elements (an acoustic transmitting array) and the acoustic receiver is
formed of a single receiver/receiving element. In a further form, the
acoustic transmitter AT 1s formed of a single transmitter/transmitting
element and the acoustic receiver AR is formed of a plurality of
acoustic receiving elements (an acoustic receiver array). Thus, one or
both of the acoustic transmitter AT and the acoustic receiver AR
consists of an array of acoustic elements. It is preferable, however,
that the sound velocity measuring device uses an acoustic transmitting

array (ATA) and an acoustic receiving array (ARA). This
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configuration is depicted in Fig. 3 in which is shown a velocity
measuring device (VMD) fashioned in accordance with the present

principles.

While the acoustic transmitting array ATA of the velocity measuring
device VMD is shown having four (4) acoustic transmitting elements
(ate), it should be appreciated that the acoustic transmitting array ATA
may have from two (2) to any number of acoustic transmitting
elements as 1s practical. Similarly, while the acoustic receiving array
ARA of the velocity measuring device VMD is shown having four (4)
acoustic transmitting receivers (atr), it should be appreciated that the
acoustic receiving array ARA may have from two (2) to any number

of acoustic receiving elements (are) as 1s practical.

The velocity measuring device VMD of Fig. 3 depicts the acoustic
transmitter AT emitting an acoustic waveform AW for reception by
the acoustic receiver AR. The acoustic waveform AW is the result of
a series of acoustic waveforms transmitted by the acoustic transmitter.

An exemplary acoustic waveform of the series of acoustic waveforms
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1s provided in Fig. 4. It is evident that numerous combinations of
acoustic transmissions from the various acoustic transmitting elements
of the acoustic transmitting array may create the acoustic waveform
AW. The present velocity measuring device, however, preferably
transmits a series of acoustic waveforms from the acoustic transmitter
AT. For each measurement or generation of acoustic waveform AW,
each acoustic transmitting element emits a single waveform (e.g. a
pulse). The individual waveforms from each acoustic transmitting
element form the single acoustic waveform in the medium. In the case
of single acoustic transmitting element, individual waveforms (e.g.
pulses) must be emitted serially. Any resulting acoustic waveform is
received by each one of the acoustic receiving elements in the case of
an array of acoustic receiving elements or by a single acoustic

recelving element.

A portion or feature of an emitted acoustic waveform of the series of
acoustic waveforms is selected. This predefined point is represented
in Fig. 4 by an asterisk on the waveform. The acoustic receiver
receives and monitors the resulting waveform to detect a

corresponding predefined point in the received waveform or signal.
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Time is measured between when a predefined point or portion of one
of the series of acoustic waveforms is emitted and when a predefined
point or portion of the received acoustic waveform or signal is

received by the acoustic receiver.

[0035] Thereafter, the Processor correlates the measured time to a reference
time of an acoustic waveform traveling in a known medium with the
reference time corresponding to a velocity of sound in the known
medium. The Processor provides a correlation factor that may be used
to determine the velocity of sound in the medium in the measuring

area. This is discussed further below.

[0036] In the preferred embodiment of the present invention, the acoustic
transmitting array ARA provides an acoustic waveform from each
acoustic transmitting element of the array sequentially, beginning
from an upper acoustic transmitting element to a lower acoustic
transmitting element, the nomenclature upper and lower with respect

to the axis AX of the VMD.
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Fig. 5 illustrates the sequential firing of a piezoelectric array of the
acoustic transmitter AT. The upper acoustic transmitting element
(uate) fires first (t=0). The adjacently lower acoustic transmitting
element (aate) fires second after a first time delay (t=At). The next
adjacently lower acoustic transmitting element (aate) fires third after a

second time delay (t=2At). The last or lower acoustic transmitting

element (late) fires last after a third time delay (t=3At).

A single or concerted ultrasonic waveform (NWF) would have a wave
or beam front defining a plane of propagation co-planar with the
piezoelectric array of the acoustic transmitter and traveling along a
path represented by the normal dashed line of Fig. 5. However, since
the individual acoustic transmitting elements of the array are fired
sequentially from the top or upper acoustic transmitting element to the
bottom or lower acoustic transmitting element with the time delays as
indicated, the resulting waveform has a wave front (RWF) defining a

plane of propagation that is bent from normal ¢ degrees but parallel to

the channel bottom, wherein ¢ is determined by frequency (f) of the
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ultrasound and the time delay (At). Therefore, the plane of the

resulting beam front can be bent or modified from normal as desired.

As seen in Fig. 6, with the angled position of the acoustic piezoelectric
transmitting array ATA and of the acoustic piezoelectric receiving
array ARA the angle ¢ (£0) provides a resulting wave front with a
wave front plane generally represented by the dark arrows (as opposed
to the dashed line normal wave front). The resulting waveform is
received by the acoustic receiving array. Particularly, each ultrasonic
receiving element of the array receives the resulting waveform with
time delays (At). Preferably, the ultrasonic sensitivity of the
ultrasonic receiver array is bent by the angle ¢, the angle of beam

arrival.

As indicated above, the piezoelectric array receives and monitors the
resulting waveform to detect a corresponding predefined point in the
received waveform or signal. Time is measured between when a
predefined point or portion of the first ultrasonic waveform of the
series of acoustic waveforms 1s emitted and when a predefined point

or portion of the resulting waveform 1s received. This is accomplished
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for each receiver of the array, with the corresponding time delay
added. An average of the measurements provides a measured time.
Again, thereafter, the Processor correlates the measured time to a
reference time of an acoustic waveform traveling in a known medium
with the reference time corresponding to a velocity of sound in the
known medium. The Processor provides a correlation factor that may
be used to determine the velocity of sound in the medium in the

measuring area.

In order to correlate the measured time to a reference time, the present
velocity measure device must be calibrated to a known medium. The
medium selected is typically water, since water is readily available
and has well known properties including sound speed at various
temperatures and pressures. This is good because measurements must
be taken in multiple conditions for more accurate calibration.
Dimensions of the measuring area are taken so that distance (D)
between the transmitting array and the receiving array (or sides) of the

measuring area is known.
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For water of a given temperature and/or other characteristics, a
measured transmit time is obtained. Since the transit distance is
known, the speed or velocity of sound in water of the given
temperature and/or other characteristics in the measuring area 1s
determined with great accuracy. Speed of sound in water versus
transit time may be generated from various calibration measurements.
Obviously, for a given distance, the faster the transit time, the faster
the speed of sound in the medium and vice versa. Therefore, a
measured time in a medium can be compared or correlated to the
transit time in the known medium (e.g. water) and a correlation factor
can be provided which can then be used to calibrate other LWD

tools/measurements.

As described above, the acoustic measuring device AMD of the
present invention may be used to measure velocity of sound in a
medium in a borehole, particularly, but not necessarily, of mud within
a borehole. It should be appreciated however, that the present acoustic
measuring device AMD may be used for other borehole
measurements. For instance, the present acoustic measuring device

AMD may be used to measure a rate at which a medium is flowing
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past the acoustic measuring device AMD (i.e. medium flow speed or

velocity).

[0044] Referring to Figs. 7 and 8, a manner of measuring a rate at which a
medium such as mud is flowing past the acoustic measuring device
AMD (flow speed or velocity of the medium) is illustrated. In Fig. 7,
mud flow is shown flowing past the acoustic measuring device AMD
and particularly the measuring area MA of the acoustic measuring
device AMD. An ultrasonic (acoustic) signal is emitted by each
element of the acoustic transducer array ATA (the first transducer
array) with the time delays as illustrated in the direction of medium
flow. With the angled position of the first acoustic piezoelectric
transducer array ATA and of the second acoustic piezoelectric
transducer array ARA the angle ¢ (£¢) provides a resulting wave
front with a wave front plane generally represented by the dark arrows
(as opposed to the dashed line normal wave front). The resulting
waveform 1s received by the second acoustic transducer array ARA.
Particularly, each ultrasonic receiving element of the array ARA
receives the resulting waveform with time delays (At) as illustrated.

Preferably, the ultrasonic sensitivity of the ultrasonic receiver array is
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bent by the angle 0, the angle of beam arrival. With a source-receiver
separation D of the acoustic measuring device AMD, the processor

determines a travel time t;, wherein t; = D/(V nedium + Vviow)-

As depicted in Fig. 8, an ultrasonic (acoustic) signal is then emitted by
each element of the second acoustic transducer array ARA with the
time delays as illustrated in a direction opposite to medium flow.

With the angled position of the second acoustic piezoelectric
transducer array ARA and of the first acoustic piezoelectric transducer
array ATA the angle ¢ (£0) provides a resulting wave front with a
wave front plane generally represented by the dark arrows (as opposed
to the dashed line normal wave front). The resulting waveform is
received by the first acoustic transducer array ATA. Particularly, each
ultrasonic receiving element of the array ATA receives the resulting
waveform with time delays (At) as illustrated. Preferably, the
ultrasonic sensitivity of the ultrasonic receiver array is bent by the
angle ¢, the angle of beam arrival. With a source-receiver separation
D of the acoustic measuring device AMD, the processor determines a

travel time t,, wherein t, = D/(V pedium + Vviow)-



WO 2012/178013 PCT/US2012/043755

[0046]

[0047]

24
The flow velocity or speed of the medium is then calculated by the
processor via the equation Vg, = (t;-t;)/D. This may be described as
an “upstream and downstream” or “pitch-catch”. Support for this
manner of flow rate measurement is described in U.S. Patent No.
4,905,203 issued to Sims et al. on February 27, 1990, and in U.S.
Patent No. 4,452,007 issued to Siegfried, II on June 5, 1984, the entire
contents of both of which are incorporated herein by reference. These
patents, however, do not utilize the present acoustic measuring device
AMD to obtain such measurement. It should also be appreciated that
this measurement method may be accomplished using a first single
transducer instead of a first transducer array, and a second single

transducer instead of a second transducer array.

Referring to Fig. 9, another manner of measuring a rate at which a
medium (e.g. mud) is flowing past the acoustic measuring device
AMD is illustrated. In this method, frequency shift (i.e. Doppler
Shift) is used to determine medium flow velocity. The acoustic
measuring device AMD of this embodiment utilizes a single acoustic
transducer array ATA that transmits and receives acoustic waveforms.

Alternatively, the single acoustic transducer may be a single
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transducer rather than a transducer array. In the case of a transducer
array, an acoustic waveform is continuously emitted from each
element of the acoustic array at the various delays indicated in Fig. 9.
In the case of a single transducer, an acoustic waveform is
continuously emitted from the single transducer. In both cases,
acoustic echoes (signals) from particulates in the medium are received
by the transducer. Return energy of the echo(es) is measured. The
processor calculates frequency shift of the returned acoustic signal to
determine particulate/medium (mud) flow rate. Particularly,
particulate/mud flow rate V aricuiate/ Vua = Af/f. Measurement may be

accomplished either while rotating or stationary.

Support for this manner of flow rate measurement is described in U.S.
Patent No. 4,982,383 issued to Sims et al. on January 1, 1991, the
entire contents of which is incorporated herein by reference. This
patent, however, does not utilize the present acoustic measuring

device AMD to obtain such measurement.

While the invention has been illustrated and described in detail in the

drawings and foregoing description, the same 1s to be considered as
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illustrative and not restrictive in character and that all changes and
modifications that come within the spirit of the invention are desired

to be protected.

[0050] All references cited in this specification are incorporated herein by
reference to the extent that they supplement, explain, provide a

background for or teach methodology or techniques employed herein.
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Claims
What is claimed is:
1. An acoustic measuring device of a medium in a borehole, the acoustic

measuring device comprising:
a measuring area;
an acoustic transmitter situated in a first surface of the measuring area;
an acoustic receiver situated in a second surface of the measuring area
and non-parallel to the first surface; and
a processor in communication with the acoustic transmitter and the
acoustic receiver;
at least one of the acoustic transmitter or the acoustic receiver
having a plurality of acoustic elements;
the acoustic transmitter operable to emit a series of acoustic
waveforms;
the acoustic receiver operable to receive an acoustic signal that is a
result of the emitted series of acoustic waveforms;

the processor operable to:
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measure a time between when a predefined portion of one of
the series of acoustic waveforms was emitted and when a
predefined portion of the received acoustic signal corresponding to
the predefined portion of one of the series of acoustic waveforms is
received by the acoustic receiver;

correlate the measured time to a reference time of an
acoustic waveform traveling in a known medium, the reference
time corresponding to a velocity of sound in the known medium;
and

output a correlation factor used to provide a determination

of a velocity of sound in a medium in the measuring area.

2. The acoustic measuring device of claim 1, wherein the acoustic

transmitter and the acoustic receiver comprise ultrasonic piezoelectric elements.

3. The acoustic measuring device of claim 1, wherein the measuring area is
concave.
4, The acoustic measuring device of claim 3, wherein the concave

measuring area is defined by an arced rear surface that extends from an upper
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area of a face of the device to a lower area of the face of the device, the first
surface of the measuring area angled inwardly from the face into and
intersecting with the arced rear surface, and the second surface of the measuring
area angled inwardly from the face into and intersecting with the arced rear

surface.

5. The acoustic measuring device of claim 1, wherein the acoustic
transmitter has a plurality of acoustic transmitting elements and the acoustic

receiver has a plurality of acoustic receiving elements.

6. The acoustic measuring device of claim 5, wherein the number of the
plurality of acoustic receiving elements equals the number of the plurality of

acoustic transmitting elements.

7. The acoustic measuring device of claim 5, wherein the number of
acoustic transmitting elements is at least four and the number of acoustic

recelving elements is at least four.
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8. The acoustic measuring device of claim 5, wherein each acoustic
transmitting element of the plurality of acoustic transmitting elements emits one

acoustic waveform of the emitted series of acoustic waveforms.

9. The acoustic measuring device of claim 8, wherein the plurality of
acoustic waveforms are emitted sequentially from the plurality of acoustic
transmitting elements beginning from an end acoustic transmitting element of

the plurality of acoustic transmitting elements.

10.  The acoustic measuring device of claim 5, wherein each acoustic
receiving element of the acoustic receiver is operable to receive the acoustic
signal that 1s a result of the series of acoustic waveforms, and the processor 1s
operable to:

for each acoustic receiving element, measure a time between when a
predefined portion of a first one of the series of acoustic waveforms was emitted
and when a predefined portion of the received acoustic signal corresponding to
the predefined portion of the first one of the series of acoustic waveforms 1s

received;
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correlate each measured time to a reference time of an acoustic waveform
traveling in a known medium, the reference time corresponding to a velocity of
sound in the known medium; and
output a correlation factor which may be used to determine the velocity of

sound in the medium in the measuring area.

11. A method for measuring velocity of sound in a medium in a borehole, the
method comprising:
providing a device having:

a measuring area;

an acoustic transmitter situated in a first surface of the measuring
area, the acoustic transmitter in communication with a processor; and

an acoustic receiver situated in a second surface of the measuring
area and non-parallel to the first surface, the acoustic receiver in communication
with the processor

at least one of the acoustic transmitter or the acoustic receiver
having a plurality of acoustic elements;

the acoustic transmitter operable to emit a series of acoustic

waveforms;
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the acoustic receiver operable to receive an acoustic signal that is a
result of the series of acoustic waveforms;
measuring via the processor, a time between when a predefined portion of
one of the series of acoustic waveforms was emitted and when a predefined
portion of the received acoustic signal corresponding to the predefined portion
of one of the series of acoustic waveforms is received by the acoustic receiver;
correlating via the processor, the measured time to a reference time of an
acoustic waveform traveling in a known medium, the reference time
corresponding to a velocity of sound in the known medium; and
outputing via the processor, a correlation factor which may be used to

determine the velocity of sound in the medium in the measuring area.

12.  The method of claim 11, wherein the acoustic transmitter and the acoustic

recelver comprise ultrasonic piezoelectric elements.

13.  The method of claim 11, wherein the measuring area is concave.

14.  The method of claim 13, wherein the concave measuring area is defined

by an arced rear surface that extends from an upper area of a face of the device

to a lower area of the face of the device, the first surface of the measuring area
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angled inwardly from the face into and intersecting with the arced rear surface,
and the second surface of the measuring area angled inwardly from the face into

and intersecting with the arced rear surface.

15. The method of claim 11, wherein the acoustic transmitter has a plurality
of acoustic transmitting elements and the acoustic receiver has a plurality of

acoustic receiving elements.

16. The method of claim 15, wherein the number of the plurality of acoustic
receiving elements equals the number of the plurality of acoustic transmitting

elements.

17.  The method of claim 15, wherein the number of acoustic transmitting
elements is at least four and the number of acoustic receiving elements is at

least four.

18. The method of claim 15, wherein each acoustic transmitting element of
the plurality of acoustic transmitting elements emits one acoustic waveform of

the series of acoustic waveforms.
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19.  The method of claim 18, wherein the plurality of acoustic waveforms are
emitted sequentially from the plurality of acoustic transmitting elements
beginning from an end acoustic transmitting element of the plurality of acoustic

transmitting elements.

20.  The method of claim 15, wherein:
each acoustic receiving element of the acoustic receiver is operable to receive
the acoustic signal that is a result of the series of acoustic waveforms; and
the method further comprises:
processor is operable to:

measuring for each acoustic receiving element via the processor, a time
between when a predefined portion of a first one of the series of acoustic
waveforms was emitted and when a predefined portion of the received acoustic
signal corresponding to the predefined portion of the first one of the series of
acoustic waveforms is received;

correlating each measured time via the processor, to a reference time of
an acoustic waveform traveling in a known medium, the reference time
corresponding to a velocity of sound in the known medium; and

output a correlation factor which may be used to determine the velocity of

sound in the medium in the measuring area.
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21.  An acoustic measuring device of a medium within an at least partially
bounded space, the acoustic measuring device comprising:
a measuring area;
an acoustic transmitter situated in a first surface of the measuring area;
an acoustic receiver situated in a second surface of the measuring area
and non-parallel to the first surface; and
a processor in communication with the acoustic transmitter and the
acoustic receiver;
at least one of the acoustic transmitter or the acoustic receiver
having a plurality of acoustic elements;
the acoustic transmitter operable to emit a series of acoustic
waveforms;
the acoustic receiver operable to receive an acoustic signal that is a
result of the emitted series of acoustic waveforms;
the processor operable to:
measure a time between when a predefined portion of one of
the series of acoustic waveforms was emitted and when a

predefined portion of the received acoustic signal corresponding to
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the predefined portion of one of the series of acoustic waveforms is

received by the acoustic receiver;

correlate the measured time to a reference time of an acoustic
waveform traveling in a known medium, the reference time
corresponding to a velocity of sound in the known medium; and

output a correlation factor that is used to provide a determination of
a velocity of sound in the medium within the at least partially bounded

space.

22. A method for measuring velocity of sound in a medium within an at least
partially bounded space, the method comprising:
providing a device having:

a measuring area;

an acoustic transmitter situated in a first surface of the measuring
area, the acoustic transmitter in communication with a processor; and

an acoustic receiver situated in a second surface of the measuring
area and non-parallel to the first surface, the acoustic receiver in communication
with the processor

at least one of the acoustic transmitter or the acoustic receiver

having a plurality of acoustic elements;
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the acoustic transmitter operable to emit a series of acoustic
waveforms;
the acoustic receiver operable to receive an acoustic signal that is a
result of the series of acoustic waveforms;
measuring via the processor, a time between when a predefined portion of
one of the series of acoustic waveforms was emitted and when a predefined
portion of the received acoustic signal corresponding to the predefined portion
of one of the series of acoustic waveforms is received by the acoustic receiver;
correlating via the processor, the measured time to a reference time of an
acoustic waveform traveling in a known medium, the reference time
corresponding to a velocity of sound in the known medium; and
outputting via the processor, a correlation factor which may be used to

determine the velocity of sound in the medium in the measuring area.

23. An acoustic measuring device of a medium in a borehole, the acoustic
measuring device comprising:
a measuring area;

a first acoustic transducer situated in a first surface of the measuring area;
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a second acoustic transducer situated in a second surface of the measuring
area and non-parallel to the first surface; and

a processor in communication with the first and second acoustic
transducers;

the first acoustic transducer operable to emit a first series of acoustic
waveforms in a direction of medium flow;

the second acoustic transducer operable to receive an acoustic signal that
1s a result of the emitted first series of acoustic waveforms;

the processor operable to calculate a first transit time based on the
acoustic signal that is a result of the emitted first series of acoustic waveforms;

the second acoustic transducer operable to emit a second series of
acoustic waveforms in a direction opposite medium flow;

the first acoustic transducer operable to receive an acoustic signal that is a
result of the emitted second series of acoustic waveforms;

the processor operable to calculate a second transit time based on the
acoustic signal that is a result of the emitted second series of acoustic
waveforms; and

the processor providing a determination of velocity of the medium by use

of the first and second calculated transit times.
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24. The acoustic measuring device of claim 23, wherein the first and second

acoustic transducers comprise transducer arrays.

25. An acoustic measuring device of a medium in a borehole, the acoustic
measuring device comprising:

a measuring area;

an acoustic transducer situated in a first, slanted surface of the measuring
area; and

a processor in communication with the acoustic transducer;

the acoustic transducer operable to emit an acoustic waveform of a first
frequency in a direction of medium flow and to receive a return acoustic
waveform reflected from particulates in a medium in a borehole of a second

frequency; and

the processor operable to provide a determination of flow velocity of the

medium by calculating a change between the first and second frequencies.

26. The acoustic measuring device of claim 25, wherein the acoustic transducer

comprises a transducer array.



WO 2012/178013
1/6

Processor

‘“— N
<
<
o

MA

FIG. 1

PCT/US2012/043755



WO 2012/178013 PCT/US2012/043755
2/6

Formation

VMD

| BHW

FIG. 2



WO 2012/178013 PCT/US2012/043755
3/6

B \ [

predefined point  one of the series of acoustic waveforms

N

_Z'UL

FIG. 4



WO 2012/178013 PCT/US2012/043755
4/6
Piezoelectric Array
t=0 uate
NWF .
t=At aate \ Ultrasonic Beam
t=3At |late RWF
Piezoelectric Piezoelectric
Array Source Array Receiver
=0 | U\ N e =0
t=at |\ \ L\ =7 o, ¢ ™5 t= At
t = 2/t t = 2/t
Ultrasonic
AMD




WO 2012/178013 PCT/US2012/043755
5/6
Piezoelectric Piezoelectric
Array Source Array Receiver
MUD FLOW
=0 \_/ =0
t= At . > b t= At
t = 2At Ultrasonic ARA| t = 2At
t = 3At Beam t = 3At
AMD
Piezoelectric Piezoelectric
Array Source > Array Receiver
MUD FLOW
=0 \_/ t=0
t= At < o ™ t= At
t = 2At Ultrasonic ARA| t = 2At
t = 3At Beam t = 3At
AMD




WO 2012/178013

Piezoelectric
Array Source

=0

t=At
t = 2At
t = 3At

6/6

.
-

MUD FLOW, Particulates

W
~ ¢

*

> o
°®

Ultrasonic
Beam

AMD

PCT/US2012/043755

FIG. 9



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings

