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recesses each has slanted bottom walls, with the ultrasound
transducers abutted against the slanted bottom walls of the
recesses.
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ULTRASONIC FLOW METER INCLUDING A
METER HOUSING INSERT HAVING
TRANSDUCER RECESSES WITH SLANTED
BOTTOM WALLS

FIELD OF THE INVENTION

[0001] The invention relates to an ultrasonic flow meter
for measuring the flow of a fluid.

BACKGROUND OF THE INVENTION

[0002]
prior art.
[0003] An example of such flow meters is found in the
European patent application 0 440 867 Al, where the
transducers are inserted in bevels.

[0004] Another example of an ultrasonic flow meter is
found in U.S. Pat. No. 5,351,560, having a W-shaped
ultrasonic path and where an inner wall has a stepped
elevation/depression at the reflection site of the V-shaped
parasitic ultrasonic path.

[0005] Yet another example of an ultrasonic flow meter is
found in U.S. Pat. No. 5,372.047, having reflection points,
which have a focusing effect on an ultrasonic beam.
[0006] A problem related to the above mentioned prior art
is how to provide an efficient and cost-effective ultrasonic
flow meter and the assembly of such flow meters.

Several ultrasonic flow meters exists within the

SUMMARY OF THE INVENTION

[0007] Ttisan object of the invention to provide a compact
ultrasonic flow meter.
[0008] Tt is a further object of the invention to provide an
efficient and cost-effective ultrasonic flow meter and a
method for assembling such an ultrasonic flow meter.
[0009] The invention relates to an ultrasonic flow meter
comprising

[0010] a meter housing,

[0011] a flow tube defining an inner flow channel for a

fluid to be measured, and

[0012] one or more ultrasound reflectors,

said meter housing comprising

[0013] a first transducer recess,
[0014] a second transducer recess,
[0015] a first ultrasound transducer positioned in said

first transducer recess,
[0016] a second ultrasound transducer positioned in
said second transducer recess, and
[0017] an electronic circuit for operating said ultrasonic

flow meter,
wherein said transducer recesses each has slanted bottom
walls, and
[0018] wherein said first and second ultrasound transduc-
ers are in abutment with said slanted bottom walls of said
first and second transducer recess, respectively.
[0019] In the present context it is to be understood that
said first ultrasound transducer is in abutment with said
slanted bottom wall of said first transducer recess and that
said second ultrasound transducer is in abutment with said
slanted bottom wall of said second transducer recess.
[0020] The ultrasonic flow meter is adapted to measure the
average flow velocity of the fluid. This may preferably be
done by said first ultrasound transducer emitting a first
ultrasound pulse. The first transducer is positioned such that
the first ultrasound pulse is incident on the first ultrasound
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reflector, which reflects the first ultrasound pulse towards the
second ultrasound transducer, which then receives or detects
the first ultrasound pulse. Thereby, a first path from the first
ultrasound transducer, via the first ultrasound reflector, and
onto the second ultrasound transducer is defined. Similarly,
the second ultrasound pulse is sent from the second ultra-
sound transducer, via the first ultrasound reflector and onto
the first ultrasound transducer, thereby defining a second
path. By measuring a first transit time as the time between
emitting and detecting the first ultrasound pulse, and a
second transit time as the time between emitting and detect-
ing the second ultrasound pulse, the mean velocity of the
fluid can be calculated from the two transit times and the
geometry of the transducers and reflectors.

[0021] Said first ultrasound reflector is adapted to reflect
the ultrasound, thereby redirecting the path of the ultrasound
beam from one ultrasound transducer to the other ultrasound
transducer.

[0022] When said transducer recesses extend into the flow
tube, a particular advantage of the invention is achieved.
This is that due the ultrasound transducers being slanted
relative to the transducer recesses, these ultrasound recesses
can be constructed with a smaller diameter or cross-sectional
area, whereby the tube openings can be made with a smaller
diameter or area. Since these areas are reduced, the pressure
exerted by the fluid in the flow channel upon the transducer
recesses extending into the flow channel can be reduced.
This results in reduced the minimum limits on material
strength and on the construction design, which are a result
of this fluid pressure. A result from these reduces limitations
is that a more compact flow meter may be constructed, due
to e.g. reduced need for connection strength between the
meter housing and the flow tube.

[0023] Another advantage of the invention may be that the
meter housing including its components may be assembled
as a single mechanical unit. Thereby, the ultrasonic flow
meter may be produced and assembled in a simple and
cost-effective way.

[0024] Yet another advantage of the invention may be that
since the ultrasound transducers have a slanted orientation,
flow tubes of different diameters may be fitted to the same
meter housing. Only the position and/or the orientation of
the one or more ultrasound reflectors have to be changed.
Preferably, the ultrasound reflectors may be fixated by a flow
channel insert. Thereby, for each flow tube with different
diameters, a flow channel insert may be constructed that fits
the particular tube, and which furthermore includes ultra-
sound reflectors in the adjusted positions and orientations so
that an ultrasound signal reflected by the first ultrasound
transducer propagates via the ultrasound reflectors to the
second ultrasound transducer. Since the meter housing may
typically represent the main expenses of the tools for pro-
duction of the ultrasonic flow meter it may be expensive to
produce different meter housings for each flow tube diam-
eter. However, since a meter housing can be fitted to flow
tubes of different diameters, this extra cost may be avoided
or reduced.

[0025] One particular advantage of the invention may be
that the housing and the first and second meters are all in
physical connection with each other thereby forming a
single unit. Thereby it may be substantially easier to comply
with various tolerances that such meters typically must
comply with. In more detail, by putting said first and second
transducers in abutment with said slanted bottom walls of
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said transducer recesses, preferably by making physical
contact between each of the transducers and the correspond-
ing bottom wall of the corresponding transducer recess by
means of e.g. conductive adhesive, electrical connectivity
between the transducer and the contact positioned on the
bottom wall is obtained and, furthermore, a relatively rigid
fixation of the transducer relative to the housing, and,
thereby, relative to the other transducer is obtained.

[0026] One further advantage of the invention is that by
using slanted transducer recesses an ultrasound path
between said first to said second transducer, or vice versa,
can be constructed such that the ultrasound path at all points
have a component in a longitudinal direction of the flow
tube, i.e. the path is non-orthogonal to the longitudinal
direction of the flow tube at all points. Thereby. the whole
of the ultrasound path are affected by the flow of the fluid to
be measured, and, therefore, contributes to a more precise
and accurate measurement. In other words, a flow meter of
the present invention may achieve a relatively high signal-
to-noise rate compared to other solutions, without said meter
of the invention employing power-depleting measures, such
as transmitting a stronger signal and/or repeating the mea-
surement several extra times and performing an average.
This may be a particular advantage for battery-powered
meters, and may even be for externally powered meters,
should such meters loose the external powering and have to
rely on a backup battery power source.

[0027] One particularly advantageous aspect of the inven-
tion may be that the first and second transducers are both
placed inside and as a part of the meter housing. Thereby, it
is to be understood that an ultrasound signal emitted by the
first ultrasound transducer, and reflected by the one or more
ultrasound reflectors, before being detected by the second
transducer, will propagate from the emitting surface of the
first transducer through the slanted bottom wall of the e first
transducer recess, through the fluid in the flow channel,
reflected by the one or more ultrasound reflectors while still
propagating through the fluid, and through the slanted bot-
tom wall of the second transducer recess, before finally
reaching the transmitting surface of the second ultrasound
transducer where the ultrasound signal is detected and
transformed into an electrical signal by the second trans-
ducer.

[0028] One further advantage of the invention may be that
aggregation of gas bubbles on the transducer-fluid interface
may be avoided even if the flow tube is orientated with the
meter display upwards, which may often be preferred by
consumers, since this orientation permits easy readout of the
display. However, when the display is faced upwards, the
transducers in typical compact meter setups will be located
in the upper part of the flow tube. Since gas bubbles, such
as air bubbles, may often be released by the fluid, e.g. air
bubbles from water, these gas bubbles may often aggregate
near the highest point in the flow tube due to gravity. Such
aggregation of gas bubbles near on the meter-fluid interface
1s highly disadvantageous, since the efficiency of the cou-
pling of ultrasound between the transducers and the fluid
becomes relatively low. However, since the transducer
recesses are slanted, such gas bubbles may not aggregate on
meter-fluid interface, but rather move upwards along the
slanted bottom walls of transducer recesses and away from
at least position on the meter-fluid interface corresponding
1o the center of the transducer.
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[0029] According to an embodiment of the invention, it is
to be understood that a transducer recess is a local extension
of the inner space of the meter housing, in which an
ultrasound transducer may be positioned. Thereby, the ultra-
sound transducer can emit an ultrasound signal through the
slanted bottom wall of the transducer recess and into the
flow channel of the ultrasonic flow meter, and vice versa
receive an ultrasound signal through propagating through
said slanted bottom wall of said transducer recess.

[0030] According to an embodiment of the invention, the
ultrasonic flow meter is adapted for measuring a flow
velocity of a fluid flowing through the flow channel. This
fluid may be liquids as well as gasses, particularly liquids
such as water.

[0031] According to an embodiment of the invention, said
first and a second transducer recess extends through a first
and a second tube opening in said flow tube and into said
flow channel.

[0032] Thereby, in the context of the above embodiment it
is particularly advantageous that the size of the transducer
recesses is reduced, thereby reducing the pressure from the
fluid on the meter housing.

[0033] According to an embodiment of the invention, said
ultrasound transducers are positioned inside said meter
housing, and wherein at least one of said ultrasound trans-
ducers is configured for, during operation of said ultrasonic
flow meter, to emit an ultrasound signal, said ultrasound
signal propagating through said slanted bottom wall abutting
said at least one ultrasound transducer, through said fluid in
said flow channel, and said ultrasound signal being reflected
by said one or more ultrasound reflectors, then propagating
through said slanted bottom wall abutting the other ultra-
sound transducer receiving said ultrasound signal.

[0034] According to an embodiment of the invention, said
first ultrasound transducer and said one or more ultrasound
reflectors are positioned and orientated so that if, during
operation of said ultrasound flow meter, a first ultrasound
signal is emitted from said first transducer, said first ultra-
sound signal is reflected by said one or more ultrasound
reflectors and detected by said second ultrasound transducer,
and vice versa if said second ultrasound transducer emits a
second ultrasound signal it is detected by said first ultra-
sound transducer.

[0035] According to an embodiment of the invention, said
first and second ultrasound transducers are positioned and
orientated so that when, during operation of said ultrasonic
flow meter, a first ultrasound signal is transmitted from said
first ultrasound transducer, said first ultrasound signal will
propagate through said slanted bottom wall of said first
transducer recess, through the fluid in the flow channel,
reflected by said one or more reflectors, and through said
slanted bottom wall of said second transducer recess, before
being detected by said second ultrasound transducer, and
vice versa a second ultrasound signal may be transmitted
from said second ultrasound transducer to said first ultra-
sound transducer through said slanted bottom walls of said
transducer recesses.

[0036] By a slanted bottom wall may in one embodiment
be meant a bottom wall, where the surface this bottom wall
is non-orthogonal to the direction the side walls of the
transducer recess, i.e. an inclined bottom wall. Here it
should be noted that the longitudinal axis of the recess is
defined by the sides of the recess. Thereby. the longitudinal
axes of the transducer recesses are preferably orientated
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orthogonal with a longitudinal axis of the flow tube. A
particular aspect of the invention is that the first and second
transducers are both placed in the meter housing. Thereby,
it is to be understood that an ultrasound signal emitted by the
first ultrasound transducer, and reflected by the one or more
ultrasound reflectors, before being detected by the second
transducer, will propagate from the emitting surface of the
first transducer through the slanted bottom wall of the e first
transducer recess, through the fluid in the flow channel,
reflected by the one or more ultrasound reflectors while still
propagating through the fluid, and through the slanted bot-
tom wall of the second transducer recess, before finally
reaching the transmitting surface of the second ultrasound
transducer where the ultrasound single is detected and
transformed into an electrical signal by the second trans-
ducer. An example of such a transducer recess with a slanted
bottom wall is a tube extending from the meter housing, and
having a bottom wall the surface of which is being non-
orthogonal to a longitudinal axis of the tube.

[0037] I.e. said housing comprises a first transducer
recess, in which the first ultrasound transducer is positioned,
and a second transducer recess, in which the second ultra-
sound transducer is positioned.

[0038] It is to be noted that since the transducer recesses
each have a slanted bottom wall on which the ultrasound
transducer is positioned, said first transducer has a first
ultrasound transmitting surface and said second transducer
has a second ultrasound transmitting surface, wherein said
first and second transmitting surfaces have a non-orthogonal
orientation with respect to a longitudinal axis of said first
and second transducer recess, respectively. Also, one can
equivalently define the orientation of the ultrasound trans-
ducers by said first and second ultrasound transmitting
surfaces being non-parallel to a longitudinal axis of the flow
channel. Yet another way of defining the orientation of the
first and second ultrasound transducers is that the path of an
ultrasound signal emitted by the first or second ultrasound
transducer will be non-parallel to the longitudinal axes of the
first and second transducer recesses, and also non-orthogo-
nal to the longitudinal axis of the flow tube.

[0039] According to an embodiment of the invention, said
longitudinal axis of each elongated transducer recesses is
orthogonal with respect to a longitudinal axis of the flow
channel.

[0040] Thereby, the assembly of the ultrasonic flow meter
is made easy, since a single-piece meter housing can be
inserted through tube openings in the flow tube and into the
flow channel. Since this insertion is done by moving the
meter housing in a direction orthogonal to longitudinal axis
of the flow channel, this insertion is simple, and furthermore,
the tube openings can be constructed with a size and form
fitting the cross-sectional size and form of the transducer
recesses, e.g. by fitting the diameter of the tube openings to
the diameter of transducer recess for cylindrical transducer
recesses.

[0041] According to an embodiment of the invention, the
ultrasonic flow meter comprises a first, a second, and a third
ultrasound reflector).

[0042] Tt is preferred that the ultrasonic flow meter com-
prises three ultrasound reflectors, preferably positioned in a
so-called W-geometry. By a W-geometry is meant a position
and orientation of the ultrasound transducers and the ultra-
sound reflectors such that the path of the ultrasound signal
takes the form of a W when viewed from the side. Thereby,
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the path length of the ultrasound may be maximized to give
a longer transit times. By increasing the transit times, it may
be secured that the signal-to-noise ratio may be decreased,
even for a compact flow meter. This is especially true for
ultrasonic flow meters that in addition to a transit time
differences includes an absolute transit time for flow mea-
surements.

[0043] However, in alternative embodiments, only a single
or two ultrasound reflectors are used. In some embodiments,
where flow tubes of larger diameter are used it may be
particularly advantageous to use only a single ultrasound
reflector.

[0044] According to an embodiment of the invention, said
housing comprises a battery.

[0045] Thereby, the ultrasonic flow meter may be inde-
pendent of an external power supply. One particular advan-
tage of the above embodiment may be that a meter may be
more energy efficient, while retaining the same signal-to-
noise ratio.

[0046] When each of said transducer recesses has a slanted
bottom wall, and when said first and second ultrasound
transducers each are in abutment with the corresponding
slanted bottom wall of the corresponding transducer recess,
the path of the ultrasound from said first to said second
transducer, or vice versa, may be constructed such that the
path have at least a non-zero component parallel with the
longitudinal axis of the flow channel, i.e. the overall flow
direction. As only the components of an ultrasonic path,
which are parallel to the flow direction, contributes to a time
delay, and therefore to the measurement of the flow, the
meter according to the above embodiment may be con-
structed to give a higher signal without the use of additional
reflectors. As many ultrasound meters may use transducers
emitting a signal travelling substantially orthogonal to the
flow direction, the path of the ultrasound in such meters
between the emitting transducers and the first reflecting
ultrasound reflector along the ultrasound path does not
contribute to the measurement of the flow, but only contrib-
ute noise and/or attenuation of the signal, therefore lowering
the signal-to-noise ratio. Typically, this may be compensated
by transmitting a stronger signal or taking an average over
several measurements. The inventor of the present inven-
tion, however, has realized that such power-depleting mea-
sures may be avoided, or at least minimized, by using
transducers emitting ultrasound in a non-orthogonal direc-
tion relative to the flow direction.

[0047] According to an embodiment of the invention, said
one or more ultrasound reflectors consists of three ultra-
sound reflectors.

[0048] Thereby, an ultrasonic signal emitted by said first
ultrasound transducer and detected by said second ultra-
sound transducer, or vice versa, is reflected exactly three
times by three different ultrasound reflectors.

[0049] In the present context of the above embodiment it
should be understood that the ultrasonic flow meter com-
prises exactly three ultrasound reflectors used to reflect
ultrasound between said first and second transducer.
Thereby, a relatively high signal-to-noise ratio may be
achieved and a rather precise measurement may be per-
formed without employing alternative power-depleting mea-
sures, such as e.g. increasing the strength of the emitted
signal or repeating the measurement several times.

[0050] According to an embodiment of the invention, said
housing comprises a display.
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[0051] By said meter housing including a battery and a
display, a simplistic design may be achieved where no need
for external wiring is needed for power supply or commu-
nication. This may be a great advantage in the production of
the meter, for the user who does not have to connect power
supply or read-out equipment, and furthermore since the
housing may be sealed to as to extend the life-time of the
meter.

[0052] Furthermore, by incorporating all electronic equip-
ment in the meter housing, the need for any external wiring
to the meter is eliminated.

[0053] According to an embodiment, the paths of the
ultrasound will lie within a longitudinal symmetry plane of
the flow chamber, i.e. the parts of the path will span only a
single plane parting the flow chamber in two equal-sized
parts along the longitudinal direction. Alternatively, how-
ever, the ultrasound reflectors and possibly the transducers
may be orientated such that the parts of the ultrasound paths
do not fall within a single plane.

[0054] According to an embodiment of the invention, said
ultrasound transducers have a bottom side facing the bottom
walls of the first and second transducer recesses, and
wherein the meter housing comprise a metal layer contact
being in electrical contact with the bottom sides of the
ultrasound transducers and in electrical contact with the
electronic circuit.

[0055] By means of the metal layer, electronic contact is
facilitated between the bottom sides of the ultrasound trans-
ducers and the electronic circuit. Such contact may other-
wise be difficult to establish and may require a tedious
assembly process. Furthermore, the metal layer provides
compact electrical connections and thereby allows the
assembly of a compact ultrasonic flow meter.

[0056] One particular advantage of the above embodiment
may be that substantially the whole of the surface of the
transducer may be effective as an ultrasound emitting sur-
face. Otherwise, e.g. if the transducer has a wrap-around
contact, i.e. where the contact facing the flow tube extends
onto the opposite side of the transducer for easier access for
electrical connections, the effective area of the transducer,
which emits ultrasound, may be substantially diminished.
Therefore, when using such a metal layer contact, the overall
area of the transducer can be lowered, and therefore the area
of the transducer recesses may be lowered. This, further-
more, may be a substantial advantage, as the structural
strength of the meter housing, the locking pins, etc. may be
determined by such parameters as the pressure of the fluid in
the flow channel and the area of the holes in the flow tube
through which the transducer recesses extends, or extends at
least partly. Thereby. dimensioning of the meter housing,
pins. etc. may not be as critical, which may lower the
material costs, assembly costs etc.

[0057] It is to be understood that this bottom side is the
transmitting side of the ultrasound transducers, which during
operation of the ultrasonic flow meter can emit or detect an
ultrasound signal.

[0058] Another advantage of the above embodiment is that
it is possible to use smaller transducers, such as smaller
piezoelectric elements of the transducers. By using smaller
transducers, the protrusions of the meter housing, which
extends into the flow channel, may be decreased, resulting in
a decreased pressure on the meter housing from the fluid in
the flow channel. Such as pressure may indeed be very high,
and may call for a forceful connection between the meter
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housing and the flow channel tube. However, by decreasing
this pressure, such measures may not need to be taken into
account, at least to a lesser degree.

[0059] According to an embodiment of the invention, each
of the ultrasound transducers have an upper side connected
to a first and a second elastic contact, respectively.

[0060] By an elastic contact is meant a flexible or spring-
like contact. However, a coil spring may be unsuitable for
contacting with the transducers, since these are orientated
with an angle relative to the longitudinal axis of the flow
chamber and therefore also relative to the meter housing. It
may therefore be preferred to use a metal strip, which may
be curved, to provide a flexible contact suitable for connect-
ing said transducers to the electronic circuit.

[0061] Furthermore, since such elastic contacts may pro-
vide a force towards the flow chamber, or at least a force
with a substantial component in a direction towards the flow
chamber, the transducer may be fixated by this force. This
may provide with improved electrical contact not only
between the elastic contact and the transducer, but also
between the transducer and the metal layer, or at least an
ensured contact, i.e. less probability of loss of electrical
connection.

[0062] In connection with the above embodiment, it
should be understood that said upper and lower sides are to
be understood as two opposing sides of the transducer. Since
the transducers have an emitting surface, which is orientated
with an angle relative to the longitudinal axis of the flow
chamber, the lower side is to be understood as the emitting
surface of the transducer, which faces the flow chamber,
while the upper side should be understood as the opposite
side or surface relative to the lower side.

[0063] Another advantage of the above embodiment is that
it is possible to use smaller transducers, such as smaller
piezoelectric elements of the transducers. By using smaller
transducers, the protrusions of the meter housing, which
extends into the flow channel, may be decreased, resulting in
a decreased pressure on the meter housing from the fluid in
the flow channel. Such as pressure may indeed be very high,
and may call for a forceful connection between the meter
housing and the flow channel tube. However, by decreasing
this pressure, such measures may not need to be taken into
account, at least to a lesser degree.

[0064] Furthermore, since metal spring contacts may tra-
ditionally be used to provide electrical connection between
the electronic circuit and the transducers, and since such
metal springs are unsuitable for use with slanted transducers
due 10 a geometric misfit, such slanted transducers may
traditionally be considered disadvantageous. However, the
elastic contacts provide a simple solution for using the
slanted transducers.

[0065] According to an embodiment of the invention, the
elastic contacts comprise curved metal strips.

[0066] According to an example embodiment the trans-
ducers are piezoelectric elements. By contacting two oppos-
ing sides of such a piezoelectric element to an electrical
power source, and by means of the electrical power source
putting an alternating voltage across the piezoelectric ele-
ment, the piezoelectric element vibrates according to the
alternating voltages thereby generating an acoustic signal,
such as an ultrasound signal.

[0067] According to an embodiment of the invention, the
ultrasound transducers are focused.
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[0068] By focusing the ultrasound signal by using focused
transducers, several advantages are obtained. One of these
advantages is that the intended signal, i.e. the signal follow-
ing the first or second ultrasound path, may be transmitted
more efficiently from the first transducer to the second
transducer and vice versa. Another advantage is that unin-
tended ultrasound paths, such as the V-path, will be trans-
mitted less efficiently between the two ultrasound transduc-
ers.

[0069] According to an embodiment of the invention, the
ultrasonic flow meter furthermore comprises a flow channel
insert.

[0070] Such a flow channel insert may provide a single
and therefore cost-effective assembly of the compact flow
meter. Furthermore, such a flow channel insert may provide
fixation of ultrasonic reflectors, narrowing of the room in
which the fluid may flow resulting in a higher flow velocity,
guiding of the fluid to increase the overlap with the ultra-
sound path, blocking or otherwise discrimination of un-
wanted or parasitic ultrasound paths.

[0071] Preferably, such a flow channel insert may be
assembled from two half-parts, preferably mirror-symmetri-
cal.

[0072] According to an embodiment of the invention, said
one or more ultrasound reflectors are fixated in said flow
channel insert.

[0073] For example, the ultrasound reflectors may be
fixated in the flow channel insert in the assembly of the flow
channel insert, preferably by assembling the flow channel
insert from two half-parts and fitting the ultrasound reflec-
tors in between the half-parts. By said ultrasound reflectors
being fixated to said flow channel insert, it is to be under-
stood that the ultrasound reflectors may form a part of the
flow channel insert.

[0074] According to an embodiment of the invention, said
flow channel insert is assembled from two mirror-symmetri-
cal half-parts, the assembled flow channel insert having a
partition surface between the half-parts, said partition sur-
face extending from the side of said flow tube facing the
meter housing to the opposite side of said flow tube.
[0075] According to an alternative embodiment, the par-
tition surface extends across the flow tube in substantially
the same distance from said meter housing. L.e. one side of
the partition surface faces the meter housing, while the
opposite side faces away from said meter housing.

[0076] However, the above embodiment where the parti-
tion surface extends from the side of said flow tbe facing
the meter housing to the opposite side of said flow tube may
be preferred, since all ultrasound reflectors may be posi-
tioned in the partition surface in that embodiment. This may
be a particular advantage during assembly of the ultrasonic
flow meter, since none of the ultrasound reflectors need to be
embedded into any of the half-parts. Rather each ultrasound
reflector may simply be fixated by symmetrical recesses in
each of the two half-parts.

[0077] According to an embodiment of the invention, the
flow channel insert comprises guide elements for guiding the
flow of the fluid.

[0078] By said guide elements the flow of the fluid
through the flow channel insert is modified to provide a
greater spatial overlap between the flow path and the ultra-
sound signal path. This effect is especially pronounced for
smaller meters. By increasing the overlap, the interaction
may also be increased, which leads to a greater difference in
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upwards and downwards travel times, which in turn may
result in a lesser uncertainty in the measurement of the
velocity of the fluid flow by decreasing the signal-to-noise
ratio.

[0079] Furthermore, since the guide elements may pro-
trude into the inner space of the flow chamber, they may
along with the rest of the flow channel insert contribute to an
increased local pressure of the fluid in the flow channel
insert, which leads to a greater difference between the
upwards and the downwards transit times of the ultrasound
signal, thereby decreasing the relative uncertainty of the
measured fluid flow velocity.

[0080] According to an embodiment of the invention, the
guiding elements of the flow channel insert are adapted for
extinguish ultrasound.

[0081] By extinguish is meant that the guiding element
discriminates against any ultrasound signal which is incident
in the surface of the guiding element. The physical mecha-
nisms of this extinguishing may be different, such as e.g.
blocking or absorbing the ultrasound signal, by scattering
the ultrasound signal, or by redirecting ultrasound signal
such that it to a lesser degree reaches the which should detect
the ultrasound signal with the correct travel path. Such
redirection may e.g. be by defocusing or reflection in a
certain direction etc. Defocussing may e.g. be done by a
convex surface. This effect gives the advantage of interfer-
ing and possibly blocking alternative paths of the ultrasound
pulses from the first transducer to the second transducer and
vice versa, such as e.g. the so-called V-path.

[0082] According to an embodiment of the invention, one
or more of the ultrasound reflectors are focusing.

[0083] This may preferably be done by using concave
reflectors. Alternatively, it may be done by means of lens-
like objects in front of the reflectors, or a combination
thereof concave mirror and lens-like objects. This discrimi-
nates between the W-path and other paths, which are un-
wanted or parasitic, such as the V-path, by increasing the
signal from the W-path.

[0084] According to an embodiment of the invention,
reflective surfaces of the first and third ultrasound reflectors
are orientated such that these reflective surfaces have angle
with respect to the longitudinal axis of the flow channel.
[0085] In the present context having an angle with respect
to the longitudinal axis of the flow channel is to be under-
stood as the reflecting surface of the ultrasound reflector
being non-parallel to the longitudinal axis. In cases where
the ultrasound reflectors are non-plane, it is to be understood
that the ultrasound reflector according to the present
embodiment is orientated such that the plane surface, which
makes the best approximation for the reflective non-plane
surface, is non-parallel with the longitudinal axis. Such a
best approximation could e.g. be the plane, which gives the
same direction of propagation of the reflected ultrasound
signal as the actual reflector does.

[0086] An advantage of the above embodiment is that the
same meter housing may be fitted to different flow channel
tubes of different diameters without changing the orientation
of the ultrasound transducers. Instead, the non-parallel ultra-
sound reflectors may be positioned and orientated according
to the geometry of the flow channel tube, e.g. by fixation of
the ultrasound reflectors in different flow channel inserts
adapted to fit the respective flow channel tubes. Thereby,
only a single type of meter housings has to be produced, and
since tools to produce this part may constitute a dominant
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part of the manufacturing expenses, this is a great advantage.
Also, existing meter housings may be adapted to other flow
channel tubes without adjustment of the ultrasound trans-
ducers.
[0087] A further advantage of using slanted reflectors is
that this may prevent the collection of debris from the fluid
in the reflectors, or at least decrease the effect of such debris
collection. Though some debris may collect on the reflector,
due to the asymmetry orientation of the reflector, the debris
collection may be largely confined to areas near the edge of
the reflector, which thereby maintains a high reflectively of
the ultrasound signal.
[0088] According to an embodiment, the one or more
ultrasound reflectors are fixated to the flow channel insert.
This may e.g. be done by assembling the flow channel insert
from two symmetrical elements, which when assembled
lock together about the one or more ultrasound reflectors.
[0089] According to an embodiment of the invention, the
flow channel insert is fixated relative to the flow tube by the
meter housing.
[0090] This fixation may e.g. be provided by letting the
meter housing have two protrusions containing the two
ultrasound transducers. These two protrusions may then
extend into the flow channel
[0091] According to an embodiment of the invention, the
meter housing is fixated relative to the flow tube by one or
more locking pins.
[0092] By means of one or more of the above embodi-
ments, the flow meter may be assembled by said flow
channel insert fixating said ultrasound reflectors, further-
more by said meter housing fixating said flow channel insert,
and finally by said meter housing being fixated to said flow
channel by means of a split insert. Thereby, an advantageous
assembly method for assembling said flow meter is pro-
vided. One advantage of this assembly method is that it may
be done without adjusting the orientation of transducers
and/or ultrasound reflectors, as these are determined from
their respective holding means, i.e. the meter housing for the
transducers and the flow channel insert for the ultrasound
reflectors.
[0093] The invention furthermore relates to a method of
assembling an ultrasonic flow meter, said ultrasonic flow
meter comprising

[0094] a meter housing,

[0095] a flow tube defining an inner flow channel for a

fluid to be measured, and

[0096] a flow channel insert,
said flow channel insert comprising

[0097] one or more ultrasound reflectors and

[0098] a first and a second insert opening,
said meter housing comprising

[0099] a first transducer recess,
[0100] a second transducer recess,
[0101] a first ultrasound transducer positioned in said

first transducer recess,
[0102] a second ultrasound transducer positioned in
said second transducer recess, and
[0103] an electronic circuit for operating said ultrasonic
flow meter,
wherein said transducer recesses each has slanted bottom
walls, and
[0104] wherein said first and second ultrasound transduc-
ers are in abutment with said slanted bottom walls of said
first and second transducer recess, respectively,
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[0105] said method comprising the steps of

[0106] inserting said flow channel insert into said flow
channel,

[0107] inserting said first and second transducer
recesses through said first and second tube openings
and into said first and second insert openings, and

[0108] fixating said meter housing to said flow tube.

[0109] Thereby, a simple method of assembling an ultra-
sonic flow meter is provided, which is efficient and cost-
effective. This is an advantage of the invention.

[0110] According to an embodiment of the invention, the
method according to the above embodiment is provided for
of assembling an ultrasonic flow meter according to any
embodiment of the invention.

FIGURES

[0111] The invention will be described in the following
with reference to the figures in which

[0112] FIG. 1 illustrates a cross-sectional view of an
ultrasonic flow meter according to an embodiment of the
invention,

[0113] FIG. 2 illustrates a cross-sectional view of an
ultrasonic flow meter prior to assembly of the meter housing
with the flow tube according to an embodiment of the
invention,

[0114] FIG. 3 illustrates the parts of a cross-sectional view
of an ultrasonic flow meter according to an embodiment of
the invention,

[0115] FIG. 4 illustrates the flow path and the path of an
ultrasound signal according to an embodiment of the inven-
tion,

[0116] FIGS. 5A and 5B illustrates an ultrasonic flow
meter and a method of assembling this according to an
embodiment,

[0117] FIG. 6 illustrates a cross-sectional view of an
ultrasonic flow meter with focusing transducers according to
an embodiment, and

[0118] FIGS. 7A, 7B, and 7C show schematic illustrations
ultrasonic flow meters with different flow tube diameters of
according to an embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0119] Referring to FIG. 1, an embodiment of the inven-
tion 1s illustrated. An ultrasound flow meter 1 is shown; the
ultrasound flow meter 1 comprising a meter housing 2, a
flow tube 20, and a flow channel insert 12. The meter
housing 2 comprises an electronic circuit 4, a battery, a first
and a second transducer recess 15, 16, a first and a second
transducer 6, 7, a first and a second elastic contacts 24, 25,
a metal layer contact 26, and a display 23. The electronic
circuit 4, which is powered by the battery 3, and which is in
contact with the first and a second transducer 6, 7 via the first
and the second elastic contact 24, 25 and the metal layer
contact 26, which comprises a metal layer and an elastic
part. The first and second ultrasound transducers 6, 7 are
positioned in the first and second transducer recesses 15, 16,
respectively. As can be seen on FIG. 1, these transducer
recesses 15, 16 each have slanted bottom walls 17. Since the
first and second transducers 6, 7 are positioned in the bottom
of the transducer recesses 15, 16, ultrasound emitting sur-
faces 36 of the ultrasound transducers 6, 7 are for each
transducer 6, 7 orientated non-orthogonal with respect to a
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longitudinal axes 18 of the transducer recesses 15, 16. This
longitudinal axis 18 may be defined e.g. to be parallel to the
side walls of the respective transducer recess 6, 7. The flow
channel insert 12 comprises a first, a second, and a third
ultrasound reflector 8, 9, 10, which are positioned and
oriented to reflect and guide and ultrasound signal emitted
by the first ultrasound transducer 6, onto the second ultra-
sound transducer 7, which then can detect the ultrasound
signal, and vice versa reflect or guide an ultrasound signal
from the second ultrasound transducer to the first ultrasound
transducer. The flow tube 20 has a first and a second tube end
opening 37, 38 and defines a flow channel 5 as an inner
space between the tube end openings 37, 38. During opera-
tion of the ultrasonic flow meter 1, the first and second tube
end openings are connected to a piping system for moving
said fluid. The fluid flows through the first tube end opening,
through the flow channel 5, and out through the second tube
end opening 37, 38, or the opposite direction. During the
following description, the fluid is described as flowing from
the first to the second tube end opening 37, 38, but of course
the fluid may flow in the opposite direction. An ultrasound
signal is emitted from the first ultrasound transducer 6. The
ultrasound signal moves through the slanted bottom wall 17
of the first transducer recess 15, through the fluid onto the
first ultrasound reflector 8, which reflects the ultrasound in
a direction towards the second ultrasound reflector 9, which
in turn reflects the ultrasound signal in a direction towards
the third ultrasound reflector 10. The third ulirasound reflec-
tor 10 reflects the ultrasound signal towards to second
ultrasound transducer 7. The ultrasound signal moved
through the slanted bottom wall 17 of the second transducer
recess 16 and onto the second ultrasound transducer 7,
where the ultrasound signal is detected and converted into an
electronic signal, which is sent to the electronic circuit 4.
Then, an ultrasound signal may be sent in the opposite
direction, i.e. from the second ultrasound transducer 7 to the
first ultrasound transducer 6, where the signal is also con-
verted into an electrical signal, which is sent to the electronic
circuit 4. By comparing the travel time of the two ultrasound
signals, i.e. the temporal duration between the moment
where the ultrasound signal is emitted by the one transducer
and until the moment it is detected by the other transducer,
the velocity of the fluid may be calculated. Then by knowing
the flow profile of the flow tube 20, the flow velocity is
converted into a volume per time. Finally, by summing this
volume per time over time, the consumed volume is mea-
sured. These calculations in some embodiments be per-
formed by the electronic circuit 4, but may also be per-
formed at a central facility of the utility company, i.e. the
meter data such as travel times or other data representative
of travel times may be extracted from the meter by e.g.
manual read-outs or using wireless technology, such as e.g.
radio communication.

[0120] According to an embodiment of the invention, the
velocity of the fluid flowing through the measurement
chamber can be calculated on the basis of a measurement of
the transit time (time-of-flight) from the first transducer to
the second transducer and vice versa, preferably by mea-
suring the difference in the two transit times. The relation-
ship between the transit times (t,,~transit time when the
ultrasound signal propagates against the fluid flow,
Lo —transit time when the ultrasound signal propagates in
the same direction as the fluid flow) and the flow velocity of
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the fluid may vary according to different geometries, i.e.
with different flow paths ultrasound signal. However, it may

typically apply that

Ar
Vftuid z

where v, ., is the flow velocity of the fluid flowing through
the measurement chamber, At is the difference between the
transit time against the flow ¢, and the transit time with the
flow t,,,,, and t is the transit time of the ultrasound signal.
By increasing At the relative uncertainty of the measurement
is decreased, however, by increasing t the uncertainty is
drastically reduced, as t participates as squared. Therefore,
the flow meter according to various embodiments has
reduced uncertainty in the measurement of v, since both
At and t are increased.

[0121] Here, it should be noted that this invention is not
bound by the above presented theoretical presentation,
which is merely presented to illustrate the advantages of the
invention.

[0122] Referring to FIG. 2, an embodiment of the inven-
tion is illustrated. Further to the above described embodi-
ment, the present embodiment illustrates an ultrasonic flow
meter 1 prior to assembly of said meter housing 2 with said
flow tube 20. Here, it is can be seen that the first and second
transducer recesses 15, 16, in which the first and second
ultrasound transducers 6, 7 are positioned, can be inserted
into a first and a second tube opening 21, 22 in the flow tube
20. In relation to the assembly of the ultrasonic flow meter
1, it can be seen on FIG. 2 that the flow channel insert 12 is
positioned in a position such that the first and second tube
opening 21, 22 in the flow tube 20 are positioned next to a
first and a second insert opening 33, 34 in the flow channel
insert 12. Thereby, the first and second transducer recess 6,
7 1s, during assembly of the ultrasonic flow meter 1, inserted
into the first and second tube openings 21, 22 in the flow
tube 20 and into the first and second insert openings 33, 34.
Thereby, the positions of the flow tube 20 and the flow
channel insert 12 are fixated with respect to each other due
to the engagement of the first and second transducer recesses
6, 7 into the first and second tube openings 21, 22 and the
first and second insert openings 33, 34. This fixation is,
however, dependent on the fixation of the meter housing 2
to the flow tube 20. This fixation may be facilitated e.g. by
insertion of one or more locking pins 11 through engage-
ment openings of the flow tube 20 and the meter housing 2.
The setup of the present embodiment may advantageously
reduce the pressure on the meter housing 2 from a fluid in
the flow channel 5 since the size of the transducer recesses
15, 16 may be reduced due to the slanted positioning of the
ultrasound transducers 6, 7, but this setup may also induce
a problem of how to electrically connect the electrical circuit
4 with the transducers 6, 7. However, as is shown partly by
the magnification, by means of a first elastic contacts 24,
which are in contact with the upper surface 35 of the first
transducer 6, and a metal layer contact 26, which are in
contact with the emitting surface 36 of the first transducer 6,
the first transducer 6 is put into electrical contact with the
electrical circuit 4. Similarly, the second transducer 7 is put
into contact with the electrical circuit 4 by means of the
second elastic contact 25 and the metal layer contact 26. In
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the present embodiment, a common metal layer contact 26
is used. However, in alternative embodiments two separate
contacts may be used.

[0123] Now, referring to FIG. 3, an embodiment of the
invention is illustrated. In FIG. 3, the ultrasonic flow meter
1 is shown before assembly, i.e. the individual parts can be
seen. The meter housing 2 of the ultrasonic flow meter 1 is
assembled from a number of different parts. A meter housing
body 32 has in the bottom a first and second transducer
recess 15, 16. The first and second transducer recesses 15,16
are each adapted to receive one of a first and second
ultrasound transducer 6, 7. The first and second transducer
recesses 15, 16 have slanted bottom walls 17, which results
in the first and second ultrasound transducers 6, 7 to be
orientated such that their respective ultrasound emitting or
receiving surfaces are non-parallel to a longitudinal axis 19
of the flow channel 5 and non-orthogonal to longitudinal
axes 18 of the transducer recesses 15, 16. The meter housing
2 also comprises an electronic circuit 4, which is in electrical
contact with said first and second ultrasound transducers 6,
7 and with a battery 3. The electrical contacts between the
electrical circuit 4 and the first and second ultrasound
transducers 6, 7 are in this embodiment established as
follows. A first and a second elastic contact 24, 25 is put into
contact with, in one end, the first and second ultrasound
transducers, respectively, and, in the other end, the electrical
circuit 4. Furthermore, a metal layer contact 26 established
electrical contact between the bottom sides of said first and
second ultrasound transducers 6, 7 and the electrical circuit
4. According to the present embodiment, the electrical
circuit 4 fixated in a first connection part 28, in which a
battery 3 supplying electrical power to the electrical circuit
4 may also be fixated. The first connection part 28 is
connected to a second connection part 29, which together
with a third connection part 30 sandwich a part of the first
and second elastic contacts 24, 25. The third connection part
30 may then be connection to the meter housing body 32.
Finally, the meter housing comprises a display 23 for
showing e.g. consumption data, such as e.g. the instanta-
neous consumption rate, the accumulated consumption since
the last readout and/or the total lifetime accumulated con-
sumption, or other data, such as meter identification number,
production serial number etc. The display 23 is fixated to the
meter housing body 32 by a display frame 27. The meter
furthermore comprises a flow tube 20 defining a flow
channel 5 as the hollow inner space of the flow tube 20. The
flow tube 20 has a first tube end opening 37 in one end and
a second tube end opening 38 in the opposite end. The fluid
to be measured can then flow through the first tube opening
37, through the flow channel 5, and out through the second
tube opening 38, or the opposite direction. Preferably, the
flow tube 20 can be connected to existing piping system,
thereby allowing the fluid to flow through the flow channel
5. The meter housing 2 can be connected to a fourth
connection part 31 of said flow tube 20 by insertion of
locking pins 11, which connects the bottom of the meter
housing 2 with the fourth connection part of the flow tube
20. Finally, a flow channel insert 12, which may preferably
be assembled from two mirror-symmetrical half-parts, may
be inserted into the flow channel 5. The two half-parts may
have insertion recesses for a first, second, and third ultra-
sound reflectors, so that when the two half-parts are
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assembled into the flow channel insert 12, the ultrasound
reflectors are incorporated in this flow channel insert 12. The
flow channel insert 12 may, prior to assembly of the meter
housing 2 with the flow tube 20 by the locking pins 11, be
inserted into the flow channel 5 in a position opposite or
below the meter housing 2. The transducer recesses 15, 16
of the meter housing 2 may be inserted into tube openings
21, 22 in the flow tube 20, and into insert openings 33, 34,
which are formed in the flow channel insert 12, when the two
half-parts of this flow channel insert 12 are assembled.
Thereby, the positions of the flow tube 20 and the flow
channel insert 12 relative to the meter housing 2 is fixated,
at least the position in a direction parallel to a longitudinal
axis 19 of the flow tube 20. The position of the meter
housing 2 is finally fixated to the flow tube 20 by means of
two locking pins 11. These locking pins 11 engage locking
pin openings 39, which are positioned in the meter housing
2 as well as in a fourth connection part 31 of the flow tube
2. According to the present embodiment, the ends of the two
locking pins 11 are adapted to engage each other and lock
together. By means of said locking pins 11, the meter
housing 2 is fixated to the flow tube 2. Furthermore, the
transducer recesses 15, 16 fixate the flow tube 20 to the flow
channel insert 12. Thereby, the parts of the ultrasonic flow
meter 1 are fixated to each other.

[0124] Now referring to FIG. 4, an embodiment of the
invention is illustrated. A part of the ultrasonic flow meter 1
is shown, including the flow tube 20 defining a flow channel
5, a first and second transducer recess 15, 16, in which a first
and second transducer 6, 7 is positioned, respectively. Fur-
thermore, a flow channel insert 12, including a first, second,
and a third ultrasound reflector 8, 9, 10, and guide elements
14, is shown. An ultrasound signal is emitted from the first
ultrasound transducer 6 and reflected by the first, second,
and third ultrasound reflectors 8, 9, 10 onto the second
ultrasound transducer 7, where the ultrasound signal is
detected and converted into an electrical signal. An ultra-
sound signal path 44 is shown from the first ultrasound
transducer 6, via the ultrasound reflectors 8, 9, 10, and to the
second ultrasound transducer 7. This ultrasound signal path
44 is of course to be understood as representing the direc-
tions of propagation of the ultrasound signal, but not as
restricting the propagation of the ultrasound signal to the
exact path line 44, since the actual path of course extends
spatially around the path line 44. Also, a fluid flow line 42
is shown. This fluid flow line 42 illustrates the flow of the
fluid medium through the flow channel 5. Here, the fluid
flow line 42 is of course also to be understood as represent-
ing a direction of flow and not spatially restricting as the
flow of course extends over the available inner of the flow
tube 20. Since guide elements 14 extends into the flow
channel 5 between the ultrasound reflectors 8, 9, 10, the fluid
flow may be redirected or guided as illustrated by the fluid
flow line 42. The actual extent of the effect of the guiding
elements 14 may of course be very different than illustrated;

[0125] typically the effect may be less significant. Also, it
should be noted that the fluid flow line 42 is not left-right
symmetric, but shifted towards the right of FIG. 4. This may
be explained by the effect of the guide elements on the actual
fluid flow being delayed or retarded. Due to change of fluid
flow direction as induced by the guide elements 14, the
interaction between the fluid and the ultrasound signal
represented by path line 44 may be increased. This is due to
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the fact that the interaction between the flowing fluid and
ultrasound signal is proportional to the path-integral
between

IxfF(r)dr

where I is the interaction, F is a vector field representing the
fluid flow, r is the spatial coordinate, and S defines the path
of the ultrasound through the fluid between the two trans-
ducers 6, 7. Since an effect of the guide elements 14 on the
fluid flow is that it is to a higher degree in the same direction
as path of the ultrasound signal path 44, the dot-product
F(r)-dris increased, resulting in an increase in the interaction
1. An increase in the interaction [ may be advantageous since
this caused the time difference At between the transit-time
back and forth to increase, which again results in a more
accurate measurement result of the fluid flow velocity.

[0126] Referring to FIG. 5A and FIG. 5B, an embodiment
of the invention is illustrated. On FIG. 5A an ultrasonic flow
meter 1 comprising a flow tube 20, a meter housing, and a
flow channel insert 12, is shown. These are shown without
details, but it is to be understood that any elements of the
above described embodiments may be present in the present
embodiment. The flow channel insert 12 is positioned in the
flow channel 5 of the flow tube 12, so that first and second
insert openings 33, 34 are positioned opposite first and
second tube openings 21, 22, respectively. Then, during
assembly, the first and second transducer recesses 15, 16 are
inserted into the first and second tube openings 21, 22, and,
furthermore, at least partly into the first and second insert
openings 33, 34 of the flow channel insert 12. Thereby, the
position of the flow channel insert 12 is fixated relative to the
flow tube 5. However, to fixate the meter housing 2 to the
flow tube 20, different methods may be used. In one embodi-
ment, locking pins 39 may be inserted through openings in
a part of the flow tube 2 and into an opening in the meter
housing 2, or vice versa. For instance, two locking pins 39
may be used by inserting them from opposite sides of the
meter housing 2 and then connecting the two locking pins
39, e.g. by a ratchet-like connection. Furthermore, in an
alternative embodiment, a protrusion of a locking pin may
engage a recess of another locking pin, the meter housing 2,
and/or the flow tube 20, or vice versa. Furthermore, in
another alternative embodiment, a protrusion of a part of the
meter housing, such as the transducer recess may engage a
recess in the flow tube 20, such as in a tube opening 21, 22,
or in the flow channel insert 12, such as in an insert opening
33, 34, or vice versa. When the meter housing is fixated to
the flow tube 20 or to the flow channel insert 12, the flow
tube 5, the meter housing 2 and the flow channel insert 12
are all three locked together or fixated, due to the flow tube
20 and the flow channel insert 12 being locked together upon
msertion of the transducer recesses 15, 16 into the tube
openings 21, 22.

[0127] Now, referring to FIG. 6, a cross-sectional view of
a part of an ultrasonic flow meter 1 according to an embodi-
ment of the invention is illustrated. The ultrasonic flow
meter 1 comprises a flow tube 20 defining a flow channel 5
as an inner space, a meter housing 2, and a flow channel
insert 12. The meter housing 2 comprises a first ultrasound
transducer 6 in first transducer recess 15, and a second
ultrasound transducer 7 in second transducer recess 16, both
ultrasound transducers 6, 7 abutting the slanted bottom walls
17 of the respective transducer recesses 15, 16. The flow
channel insert 12 comprises a first, a second, and a third

May 25, 2017

ultrasound reflector 8, 9, 10. These ultrasound reflectors 8,
9, 10 are positioned and oriented so as to reflect an ultra-
sound signal from said first ultrasound transducer 6 to said
second ultrasound transducer 7 and vice versa. As can be
seen from FIG. 6, the slanted bottom walls 17 each have a
focusing interface 43 between the meter housing 2 and the
flow channel 5, here illustrated as a convex surface. The
focusing effect may of course vary in different embodiments.
Also, the focusing effect may in alternative embodiments be
due to a focusing interface between the transducer and the
slanted bottom wall, or as a combination of focusing inter-
faces. By focusing an emitted ultrasound signal, a greater
part of this ultrasound signal may reach the receiving
ultrasound transducer, thereby increasing the signal-to-noise
ratio. Similarly, by focusing an ultrasound signal before the
receiving transducer, the signal-to-noise ratio may be
increased.

[0128] Referring to FIG. 7A, 7B, and 7C, an embodiment
of the invention is illustrated. Each of FIGS. 7A, 7B, and 7C
illustrate a part of an ultrasonic flow meter, including a part
of a meter housing 2, a flow tube 20 defining a flow channel
5, and one or more ultrasound reflectors 8, 9, 10. These
ultrasound reflectors 8, 9, 10 reflect an ultrasound signal
emitted from the first ultrasound transducer 6 onto the
second ultrasound transducer 7. The path 44 of the ultra-
sound signal is illustrated. As can be seen from FIGS. 7A,
7B, and 7C, the same meter housing 2, including the same
ultrasound transducers 6, 7 positioned and orientated iden-
tically in the meter housing 2, can be connected to a flow
tube 20 of different diameter. However, the positions and/or
orientations of the one or more ultrasound reflectors 8, 9, 10
can changed for different sizes or diameters of flow tubes 20.
This illustrates an advantage of the invention in that the
same meter housing 2 can be used for flow tubes 20 with
different sizes or diameters. Furthermore, it is illustrated on
FIG. 7C, only a signal ultrasound reflector 8 is shown,
illustrating that this may be advantageous for larger sizes or
diameters of flow tubes 20.

LIST OF REFERENCE NUMERALS

[0129] 1. Ultrasonic flow meter

[0130] 2. Meter housing

[0131] 3. Battery

[0132] 4. Electronic circuit

[0133] 5. Flow channel

[0134] 6. First ultrasound transducer
[0135] 7. Second ultrasound transducer
[0136] 8. First ultrasound reflector
[0137] 9. Second ultrasound reflector
[0138] 10. Third ultrasound reflector
[0139] 11. Locking pin

[0140] 12. Flow channel insert

[0141] 14. Guide element

[0142] 15. First transducer recess
[0143] 16. Second transducer recess
[0144] 17. Slanted bottom wall

[0145] 18. Transducer recess longitudinal axis
[0146] 19. Flow channel longitudinal axis
[0147] 20. Flow tube

[0148] 21. First tube opening

[0149] 22. Second tube opening

[0150] 23. Display

[0151] 24. First elastic contact

[0152] 25. Second elastic contact
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[0153] 26. Metal layer contact
[0154] 27. Display frame

[0155] 28. First connection part
[0156] 29. Second connection part
[0157] 30. Third connection part
[0158] 31. Fourth connection part
[0159] 32. Meter housing body
[0160] 33. First insert opening
[0161] 34. Second insert opening
[0162] 35. Upper surface

[0163] 36. Emitting surface

[0164] 37. First tube end opening
[0165] 38. Second tube end opening
[0166] 39. Locking pin openings
[0167] 40. Reflective surface

[0168] 41. Inserting said first and second transducer
recesses

[0169] 42. Fluid flow line

[0170] 43. Focusing interface
[0171] 44. Ultrasound path

[0172] 45. Inserting said locking pin

What is claimed is:

1. An ultrasonic flow meter comprising

a meter housing,

a flow tube defining an inner flow channel for a fluid to be

measured, and

one or more ultrasound reflectors,
said meter housing comprising

a first transducer recess,

a second transducer recess,

a first ultrasound transducer positioned in said first trans-

ducer recess,

a second ultrasound transducer positioned in said second

transducer recess, and

an electronic circuit for operating said ultrasonic flow

meter,
wherein said transducer recesses each has slanted bottom
walls, and

wherein said first and second ultrasound transducers are in

abutment with said

slanted bottom walls of said first and second transducer

recess, respectively.

2. The ultrasonic flow meter according to claim 1, wherein
said first and a second transducer recess extends through a
first and a second tube opening in said flow tube and into
said flow channel.

3. The ultrasonic flow meter according to claim 1, wherein
said ultrasound transducers are positioned inside said meter
housing, and wherein at least one of said ultrasound trans-
ducers is configured for, during operation of said ultrasonic
flow meter, to emit an ultrasound signal, said ultrasound
signal propagating through said slanted bottom wall abutting
said at least one ultrasound transducer, through said fluid in
said flow channel, and said ultrasound signal being reflected
by said one or more ultrasound reflectors, then propagating
through said slanted bottom wall abutting the other ultra-
sound transducer receiving said ultrasound signal.

4. The ultrasonic flow meter according to claim 1, wherein
said a longitudinal axis of each elongated transducer
recesses is orthogonal with respect to a longitudinal axis of
the flow channel.

5. The ultrasonic flow meter according to claim 1, wherein
said ultrasound transducers have a bottom side facing the
bottom walls of the first and second transducer recesses, and
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wherein the meter housing comprise a metal layer contact
being in electrical contact with the bottom sides of the
ultrasound transducers and in electrical contact with the
electronic circuit.

6. The ultrasonic flow meter according to claim 1, wherein
each of the ultrasound transducers have an upper side
connected to a first and a second elastic contact, respectively.

7. The ultrasonic flow meter according to claim 1, wherein
the ultrasound transducers are focused.

8. The ultrasonic flow meter according to claim 1, wherein
the ultrasonic flow meter furthermore comprises a flow
channel insert.

9. The ultrasonic flow meter according to claim 1, wherein
said one or more ultrasound reflectors are fixated in said flow
channel insert.

10. The ultrasonic flow meter according to claim 9,
wherein said flow channel insert is assembled from two
mirror-symmetrical half-parts, the assembled flow channel
insert having a partition surface between the half-parts, said
partition surface extending from the side of said flow tube
facing said meter housing to the opposite side of said flow
tube.

11. The ultrasonic flow meter according to claim 1,
wherein the flow channel insert comprises guide elements
for guiding the flow of the fluid.

12. The ultrasonic flow meter according to claim 1,
wherein the guiding elements of the flow channel insert are
adapted for extinguish ultrasound.

13. The ultrasonic flow meter according to claim 1,
wherein one or more of the ultrasound reflectors are focus-
ing.

14. The ultrasonic flow meter according to claim 1,
wherein the flow channel insert is fixated relative to the flow
tube by the meter housing.

15. The ultrasonic flow meter according to claim 1,
wherein the meter housing is fixated relative to the flow tube
by one or more locking pins.

16. A method of assembling an ultrasonic flow meter said
ultrasonic flow meter comprising

a meter housing,

a flow tube defining an inner flow channel for a fluid to be

measured, and

a flow channel insert,
said flow channel insert comprising

one or more ultrasound reflectors and

a first and a second insert opening,
said meter housing comprising

a first transducer recess,

a second transducer recess,

a first ultrasound transducer positioned in said first trans-

ducer recess,

a second ultrasound transducer positioned in said second

transducer recess, and

an electronic circuit for operating said ultrasonic flow

meter,
wherein said transducer recesses each has slanted bottom
walls, and

wherein said first and second ultrasound transducers are in

abutment with said slanted bottom walls of said first
and second transducer recess, respectively, said method
comprising the steps of
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inserting said flow channel insert into said flow channel,

inserting said first and second transducer recesses through

said first and second tube openings and into said first
and second insert openings, and

fixating said meter housing to said flow tube.

17. The ultrasonic flow meter according to claim 1,
wherein said first and second ultrasonic transducer are
oriented so as to emit an ultrasound signal in a direction
being non-orthogonal to a longitudinal axis of the flow tube.

18. The ultrasonic flow meter according to claim 1,
wherein said transducer recesses are parallel.

19. The ultrasonic flow meter according to claim 1,
wherein said ultrasonic flow meter is arranged to measure
flow of the fluid in a piping system.

20. The ultrasonic flow meter according to claim 1,
wherein the each slanted bottom wall faces on one side the
first ultrasonic transducer or the second ultrasonic trans-
ducer, and faces on the other side said fluid.
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