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FLUID FLOW METER
TECHNICAL FiELD
The present invention relates fo fluid flowmeters and in particular to bidirectional fluidic oscillator

flow meters, such as municipal water flow meters. However, it is not limited to such applications.

BACKGROUND ART

Fluidic oscilfators have been proposed as a basis for fiuid, and especially liquid, flow meters.
Fluidic oscillators have the advantage that they have no moving parts and therefore potentially have a
longer operating life compared with mechanical flowmeters.,

The relevant characteristic of a fluidic oscillator is that the frequency of oscillation of fluid flowing
through the oscillator is related to the rate of fluid flow. The fiow meter operates by measuring this
frequency.

The above mentioned methods do not allow for accurate measurement of reverse flow through
the meter.

it is an object of at least one of the preferred embodiments of the present invention to overcome
or ameliorate at least one of the deﬁciencies of the pricr art, or at feast to provide a suitable alternative

thereto.

SUMMARY OF THE INVENTION
Bi-directional flow meter

According to an aspect of the present invention, there 8 provided a flow tube for a
bidirectionat flow meter comprising:

a first means (for example in the form of a first flow chamber) for generating a periodic
pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the meter
in a first direction;

a second means {for example in the form of a second flow chamber) for generating a periodic
pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the meter
in a second direction, opposite to the first direction, each generating means comprising a  diffuser,

comprising two bodies; a splitter post; and two feedback channels;
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connection means for connecting said first and second generating means in series between
an inlet port and an outlet port; and

an elongate body, positioned downstream of the splitter post, arranged to reduce the backflow
around the downstream end of the spiitter post.

By providing two generating means in series (preferably so that fluid flows into the inlet,
through one of the means, then through the other of the means, and finally out of the oullet) the
bidirectional flow meter can more accurately measure reverse flow, and can cope with incorrect
installation of the meter.

Preferably, said first generating means and said second generating means are substantially
identical. By providing identical generating means {(preferably in a back to back arrangement) the

requirement to install the meter in & particular orientation can be obviated.
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Preferably, the two said generating means are arranged such that the inlets of the first and
second generating means as cefined when the fluid is flowing respectively in the first and second
directions are connected together. By connecting the inlets together the flow meter can operale
more effectively.

Preferably, the flow tube further comprises a throat positioned between the first and second
generating means.

Preferably, the first generating means is adapted to cendition the flow through the throat into
the second generating means when the fluid is flowing in the second direction, and vice versa. By
arranging that the first means conditions the flow for the second means an improvement in
performance is engendered. '

Preferably, the minimum cross-sectional area of the outiet port is greater than the cross-
sectional area of the throat.

Preferably, the minimum cross-sectional area of the outlst port is greater than twice the
cross-sectional area of the throat.

Preferably, each generafing means com-pr'ises:

a diffuser;

a splitter post; and

two feedback channels,

As used herein the terms “diffuser”, "splitter post” and “feedback channel” preferably refer to
the relevant generating means when fluid is flowing in a forward direction (so thé first direction for the
first generating means and the second direction for the second generating means).

Preferably, the diffuser intake width is greater than the width of the throat. This can optimise
flow conditions regardiess of which direction the fluid is flowing in. Preferably, the diffuser intake
width is between 1.4 and 1.8 times the width of the throat, preferably between 1.5 and 1.7 times,
more preferably approximately 1.64 times. Praferably, the difference in intake width and throat width
is between 2.0 mm and 2.5 mm, preferably approximately 2.3 mm.

Preferably, the diffuser comprises two, preferably elongate, bodies, and the angle between
the two such boadies is adapted to substantially minimise the flow into the exits of the feedhack
channels.

Preferably, the diffuser comprises two bodies, and the angle betwsen the two such bodies is
between 25° or 28° and 35° or 38°, preferably between 30° and 34°, more preferably approximately
32°, This can improve performance.

Preferably, the shoriest distance from the splitter post to the infet of the generating means is
between 6.0 and 7.0 times the width of the throat, preferably betwsen 6.25 and 6,75, and more
preferably approximately 6.4. Preferably, the shortest distance between the splitter post and the inlet
to the generating means is between 22 mm and 24 mm, preferably approximately 23 mm.

Preferably, the spiitter post is positioned at least partially within the exhaust of the diffuser.

Preferably, the shortest distance between the spiitier post and one of the bodies is between 0.9 and
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1.1 times the shortest distance between the bodies, and preferably is substantially equal to that
distance. This can reduce pressure drop.

Preferably, the flow tube further comprises an elongate body extending from the splitter post
into the neck of the intet/outlet of the meter. Such an elongate body, referred to elsewhere as a
“paddle”, can reduce interference between the two alternating flow paths of the flow tube.

Preferably, said elongate body extends between 1.5 and 3.5 times the width of the throat,
preferably between 2 and 3 times, and more preferably approximately 2.5 times. Preferably, said
elongate body extends between 5 mm and 15 mm, preferably 9 mm.

Preferably, wherein said elongate body is between 0.20 and 0.40 times the width of the throat,
preferably between 0.25 and 0.35 times, and more preferably approximately 0.28 times.

Preferably, said elongate body is between 0.5 mm to 2 mm thick, preferably approximately 1
mm.

Preferably, the inlet/outiet of the meter comprises a substantially parallel section. The
substantially parallel section is preferably longer than the width of the throat. It can improve the
conditioning of the flow, for instance towards the throat, and for example by ensuring that flow is
restricted from entering the ‘exit’ end of the feedback channel of the first chamber, causing possible
oscillating performance issues.

Preferably, the inlet bore tapers to said substantially parallel section.

Preferably, the length of said substantially parallel section is between 2.0 and 2.5 times the
width of the throat, preferably between 2.1 and 2.4 times, and more preferably approximately 2.22
times. Preferably, said paraliel section is between 6 mm and 10 mm in length, preferably
approximately 8 mm.

Preferably, for ease of manufacture, the transition between the tapered and parallel sections is
filleted.

Preferably, the minimum cross-sectional area of the outlet port minus the (preferably greatest)
cross-sectional area of the splitter post is greater than twice the cross-sectional area of the throat. Yet
more preferably, the minimum cross-sectional area of the outlet port minus the (preferably greatest)
cross-sectional area of the splitter post is greater than 2.01 times the cross-sectional area of the
throat, more preferably greater than 2.05 times.

Disclosed herein is a flow tube for a flow meter, comprising: means for generating a periodic
pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the meter,
wherein said means comprises: a diffuser; a splitter post; and two feedback channels; a throat
positioned upstream from the diffuser; and an elongaie body, positioned downstream of the splitter
post, arranged to reduce the backflow arcund the downsiream end of the splitter post.

Preferably, said elongate body extends from the splitier post into the neck of the inlet/outlet of
the meter.

Preferably, said elongate body extends between 1.5 and 3.5 times the width of the throat,
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preferably between 2 and 3 times, and more preferably approximately 2.5 times.

Preferably, said elongate body extends between 5 mm and 15 mm, preferably 9 mm.

Preferably, said elongate body is between 0.20 and 0.40 times the widih of the throat,
preferably between 0.25 and 0.35 times, and more preferably approximately 0.28 times.

Disclosed herein is a flow tube for a flow meter, comprising: means for generating a periodic
pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the meter,
wherein said means comprises; a diffuser; a splitter post; and two feedback channels; and a throat;
wherein the minimum cross sectional area of an outlet port is greater than the cross-sectional area of
the throat.

Preferably, the minimum cross-sectional area of the outlet port minus the cross-sectional area
of the splitter post is greater than twice the cross-sectional area of the throat. Yet more preferably, the
minimum cross-sectional area of the outlet port minus the cross-sectional area of the spiliter post is

greater than 2.01 fimes the cross-sectional area of the throat, preferably greater than 2.05 times.

Correction methodology

Disclosed herein is a method of determining the flow rate through a pulse output flow meter,
comprising:

determining whether each output pulse is valid or not; and

determining the flow rate in dependence on each valid output pulse.

Preferably, the method further comprises:

determining the flow rate in dependence on each invalid output pulse; and

combining the flow rates defermined in dependence on the valid and invalid output puises.

The combining may be simple summing or may be for example a weighted sum of the flow
rates determined for the valid and invalid puises, with the valid pulses preferably contributing more
than the invalid pulses.

Preferably, the method further comprises:

determining a statistical parameter (for exampie an average) in dependence on a plurality of
output pulses; and

determining the flow rate in dependence on each invalid output pulse, utilising the statistical
parameter.

This may yield a more accurate ouiput of the meter over a greater range.

Disciosed herein is 2 method of deiermining the flow rate through a pulse output flow meter,
comprising:

determining whether each output pulse is valid or not;

determining the flow rate in dependence on each vaiid output pulse;

determining a statistical parameter (for example an average) in dependence on a plurality of

output pulses;
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determining the flow rate in dependence on each invalid output pulse, utifising the statistical
parameter; and

combining the flow rates determined in dependence on the valid and invalid output puises to
determine the total flow rate.

Preferably, the flow rate is determined in dependence on pulse separation period. This may
be an actual pulse separation period and/or a statistically derived such period. The flow rate may be
determined via a look-up table, in which case preferably interpolation is utilised between the two
closest points in the look-up table fo obtain the flow rate.

Preferably, the flow rate based on invalid pulses is determined by utilising the statistical
parameter in the look-up table to determine a flow rate, and utilising the current pulse separation
period normalised by the statistical parameter to correct the flow rate found in the look-up table.

The statistical parameter may be the median pulse separation period of the plurality of output
pulses. Alternatively, it may be the mean of a plurality of median pulse separation periods. Again, it
may be the mean pulse separation period of the plurality of output pulses. Yet again, it may be the
mode puise separation period of the plurality of output pulses.

Preferably, more than 3 or 6, and preferably less than 12 or 15, more preferably 8, pulses are
utifised in determining the siatistical parameter.

Preferably, the step of determining whether each output puise is valid or not comprises:

determining the mean pulse separation period of a plurality of output pulses; and

determining whether the current pulse separation period is within a predetermined range
about the mean pulse duration;

wherein said pulse is determined as valid i it is within said predetermined range.

Preferably, more than 3 or 6, and preferably less than 12 or 15, more preferably 9, pulses are
utilised in determining said mean.

Preferably, said range is between -20% and + 20%, -15% and +15%, or -12.5% and 12.5% of

the mean pulse duration.

Flow direction detection

Disclosed herein is 2 method of detecting the flow direction in a pulse output bi-directional flow
meter, comprising:

analysing a plurality of output pulses of a first sensing device;

analysing & plurality of oulput puises of a second sensing device; and

determining the flow direction in dependence on said two analyses,

Hence the direction of flow can quickiy be determined.

Preferably, the method further comprises determining whether the output pulses of each
sensor device are vatid or not. _

Preferably, said step of determining whether the output pulses of each sensor device are valid

or nof comprises:
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determining the average (for example mean) pulse separation period of a plurality of output
pulses; and

determining whether the current pulse separation period is within a predetermined range
about the average pulse duration;

wherein said pulse is determined valid if it is within said predetermined range.

Preferably, the method further comprises:

incrementing a first register, associated with a first direction of flow, if a puise from the first
sensor device is valid, and decrementing a second register, associated with a second direction of flow;
and

incrementing the second register if a pulse from the second sensor device is valid, and
decrementing the first register;

wherein the direction of flow is determined by the register with the larger count.

Preferably, each register is incremented only until a threshold value is attained. This can
permit a quick determination of a change in fiow direction. Said threshold is preferably more than 3 or
8, and preferably less than 12 or 15, more preferably 9.

Preferably, the decrement is proportional to the increment. Preferably, the decrement is
greater than, preferably greater than twice, or four or ten times, the increment.

Preferably, the method further comprises clearing both registers when no output is detected
for a period of time. Preferabiy, said period of time is dependent on the pulse separation period before
no output was detected. Preferably, said period of time is a multiple of the pulse separation period
before no output was detected, said multiple being preferably more than 1 or 3, preferably less than 7
or 9, and more preferably 5,

Embodiments of the invention extend to a computer program product comprising software
code adapied, when executed on & data processing apparatus, io perform any of the steps as
aforesaid.

Embodiments of the invention extend to:

- A flow tube substantially as herein described with reference to the accompanying drawings.

- A method of determining the flow rate through a pulse output flow meter substantially as herein
described with reference to the accompanying drawings.

- A method of detecting the flow direction in a pulse output bi-directional flow meter substantially as
herein described with reference to the accompanying drawings.

Embodiments of the invention extend further to a bidirectional flow meter incorporating a flow
tube as aforesaid.

Preferably, the meter further comprises at least one sensor for sensing said fluid pressure
fluctuations. |

Preferably, the sensing means is a piezoelectric device.

Preferably, the sensing means is electrically connected to an electric counier configured to
interpret an output from the sensing means which relates to the periodic pressure fluctuation,

Disclosed herein is apparatus for
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determining the fiow rate through a puise output flow meter, comprising:

means {for example in the form of a processor or other circuit, and associated memaory) for
determining whether each output pulse is valid or not; and

means {for example in the form of a processor or other circuit, and associated memory) for
determining the flow rate in dependence on each valid output pulse.

Disclosed herein is apparatus for determining the flow rate through a pulse output flow meter,
comprising:

means {for example in the form of a processor or other circuit, and associated memory) for
determining whether each output pulse is valid or not;

means (for example in the form of a processor or other circuit, and associated memory) for
determining the flow rate in dependence on each valid output pulse;

means (for example in the form of a processor or other circuit, and associated memory) for
determining a siatistical parameter (for example an average) in dependence on a plurality of output
pulses;

means {for example in the form of a processor or other circuit, and associated memory) for
determining the flow rate in dependence on each mnvalid output puise, utilising the statistical
parameter; and

means (for example in the form of a processor or other circuit, and associated memory) for
combining the flow rates determined in dependence on the valid and invalid output pulses to
determine the total flow rate.

Preferably, the flow rate is determined in dependence on pulse separation period. More
preferably, the flow rate is determined via a look-up table. Yet more preferably, the flow rate based on
invalid pulses is determined by utilising the statistical parameter in the look-up table to determine a
flow rate, and utilising the current pulse separation period normalised by the statistical parameter {o
correct the flow rate found in the look-up table.

Preferably, the statistical parameter is the median pulse separation period of the plurality of
output pulses. '

Preferably, the statistical parameter is the mean of a piurality of median pulse separation
periods,

Preferably, the statistical parameter is the mean pulse separation period of the plurality of
output puises.

Preferably, the statistical parameter is the mode puise separation period of the plurality of
output putses.

Preferably, more than 3 or 6, and preferably less than 12 or 15, more preferably 9, pulses are
utilised in determining the statistical parameter.

Preferably, the means for determining whether each output pulse is valid or not:

determines the mean pulse separation period of a plurality of output pulses; and

determines whether the current pulse separation period is within a predetermined range
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about the mean pulse duration;

wherein said pulse is determined as valid if it is within said predetermined range.

Preferably, more than 3 or 6, and preferably less than 12 or 15, more preferabiy 9, pulses are
utilised in determining said mean. More preferabiy, said range is between -20% and + 20%, -15% and
+15%, or ~12.5% and 12.5% of the mean pulse duration.

Disclosed herein is apparatus for detecting the flow direction in a puise output bi-directional
flow meter, comprising:

means (for example in the form of a processor or other circuit, and associated memory) for
analysing a plurality of output pulses of a first sensing device;

means {for example in the form of a processor or other circuit, and associated memory) for
analysing a plurality of output pulses of a second sensing device; and

means (for example in the form of a processor or other circuit, and associated memaory) for
determining the flow direction in dependence on said two analyses.

Preferably, the apparatus further comprises means for determining whether the output pulses
of each sensor device are valid or not.

Preferably, the means for determining whether the output pulses of each sensor device are
valid or not:

determines the average pulse separation period of a plurality of output pulses; and

determines whether the current pulse separation period is within a predetermined range about
the average puise duration;

wherein said pulse is determined valid if if is within said predetermined range.

Preferably, the apparatus further comprises means for incrementing a first register, associated
with a first direction of flow, if a pulse from the first sensor device is valid, and decrementing a second
register, associaled with a second direction of flow; and means for incrementing the second register if
a pulse from the second sensor device is valid, and decrementing the first register; wherein the
direction of flow is determined by the register with the iarger count.

Preferably, each register is incremented only until a threshold value is attained. Yet more
oreferably, said threshold is preferably more than 3 or 6, and preferably less than 12 or 15, more
preferably ©.

Preferably, the decrement is proportional fo the increment. Yet more preferably, the
decrement is greater than, preferably greater than twice, or four or ten times, the increment.

Preferably, the apparatus further comprises means for clearing both registers when no output
is detected for a peried of time. Yet more preferably, said period of time is dependent on the pulse
separation period before no output was detected.

Preferably, said period of time is @ muliiple of the pulse separation period before no output
was detected, said muitiple being preferably more than 1 or 3, preferably less than 7 or 9, and more
preferably 5.

Embodiments of the invention also provide a computer program and a computer program

product
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comprising software code adapted, when executed on a data processing apparatus, to perform any of
the methods described herein, inciuding any or all of their component steps.

Embodiments of the inveniion also girovide a computer readable medium having stored
thereon the computer program as aforesaid.

Embodiments of the invention extend to methods and/or apparatus substantially as herein
described with reference to the accompanying drawings.

Disclosed herein is a bidirectional flow meter incarporating apparatus for detecting the flow
direction in a pulse output bi-directional flow meter, further comprising means for measuring flow rate,
said means being adapted to measure flow rate in dependence upon the determined flow direction
and a measure of flow raie in such determined direction.

Any feature in one aspect of the invention may be applied to other aspects of the invention, in
any appropriate combination. In particular, method aspects may be applied to apparatus aspects, and
vice versa.

Furthermore, features imptemented in hardware may be implemented in software, and vice

versa. Any reference to software and hardware features herein should be construed accordingly.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will now be described, by way of example only, with
reference to the accompanying drawings in which:

Figure 1 is a section plan view of a bidirectional fluidic oscillator flow tube;

Figure 2a is a section plan view of one side of a bidirectional fluidic oscillator flow tube indicating
flow paths in the inlet;

Figure 2b is a section plan view of one side of a bidirectional fluidic oscillator flow tube indicating
further flow paths in the inlet;

Figure 3 is a section plan view of one side of a bidirectional fluidic oscillator flow tube indicating
flow paths in the outiet;

Figures 4 show a schematic of a flow meter incorporating fluidic oscillators according to an
embodiment of the present invention; and

Figures 5 show a side elevation cross-sectional view of alternative versions of an embodiment

of the bidirectional fluidic oscillator flow tube.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 shows a section plan view of a bidirectional fluidic oscillator flow tube. The fiow tube
comprises two fluidic oscillators, 100 and 102, connected together via a throat 104, an inlet 106 and
an outlet 108. The fube is sealed in a housing (not shown).

The two fluidic oscillators 100 and 102 are connected in series inlet to inlet. Each fluidic

oscillator comprises a flow chamber with a diffuser comprised of two walls 110a and 110b, a splitter
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post 112 and two feedback channels 114a and 114b. The splitter post includes a main body portion
with two ends, one end shaped as a bullet nose and one as a fish tail. In addition, the splitter post
comprises a paddle 116 attached io the bullet nose shaped end of the splitter. The paddle is in the
form of an elongate body and extends into the inlet/outlet portions of the meter. The inlet 106 and
outiet 108 each comprise a tapered portion 118 leading to a parallel portion 120. The cross section
of the inlet 106 and outiet 108 bores is substantially rectangular with filleted corners.

The overall width of the bidirectional metar is approximately 110 mm from the face of the inlet
to the face of the outlet; however, it should be understood that the meter can be scaled up or down
depending on specific requirements such as the range of flow rates/volumes that the meter will
encounter in use. The specific elements of one version of the meter will now be described, with
preferred dimensions provided based on a meter size of 110 mm width and 15 mm bore connectors —
as shown in Table 1.0.

The throat width T is 3.6 mm, and the height of the throat is 19 mm; the flow meier described
herein can be scaled with reference to the throat width T.

The cross section of the intet 106 and outlet 108 bores is substantially rectangular, 13.2 mm x
19 mm, with filleted corners of radius 6 mm.

The diffuser has an intake 122 and an exhaust 124. The diffuser walls 110a and 110b
separate the main channels 1268a and 126b from the feedback channels 114z and 114b respectively.
The diffuser walls are offset from the throat outer edge by a distance A, Distance A can be between
1.0 mm and 1.25 mm, the preferred offset distance A is 1.15 mm. Therefore, given the throat widin
T of 3.6 mm the intake width of the diffuser is between 5.6 mm and 6.1 mm, the preferred infake
width is 5.9 mm. When scaled to the width of the throat T, the width of the diffuser intake is between
1.4 and 1.8, preferably approximately 1.64 times the throat width. The width of the exhaust of the
diffuser 124 is arranged such that the cross sectional area past the splitter post is approximately
equal to that of that of the intake.

The diffuser wall angle B, measured between the flow meter centreiine and the inner edge of
the diffuser wall, can be between 14.0° and 17.5", the preferred angle is 16°. The diffuser wall angie
is arranged to minimise the pressure drop across the meter.

The spiitter post 112 is positioned within the exhaust of the diffuser ??4, between 22 mm and
24 mm from the edge of the throat, the preferred distance is approximately 23 mm, distance C.
When scaled to the throat width the splitter post is positioned at a distance of between 6.0 and 7.0
times the throat width, preferably approximately 6.4 times.

The paddle 116 attached to the bullet nose shaped end of the splitter post 112 is between 5
mm and 15 mm in length, preferably approximately 9 mm. The width of the paddle 116 is between
0.5 mm and 2.0 mm, preferably approximately 1.0 mm. Again, when scaled o the throat width the
paddie length is between 1.5 and 3.5 times the throat width, preferably approximately 2.5 times, and
the paddie width is between 0,20 and 0.40 times the throat width, preferably approximately .28,

The housing, and flow fube are preferably manufactured from an appropriate rubbes, plasiic or
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resin material.

Representative
Faalure
Dimension

Thraat to leading edge

of Diffuser Wall {a) Dffzat {1.15mm

Difussy Wall arigile (k) 16 deg.

Throat o Splitter Post

distance - front edge Z3mrm
fed
Throat 38 x1H0
Lofted from bore dlato
Initet Port geometry  [a8mm leng rectangular
peofile
Paddle Feature Long fht;}il:‘{;ﬁfe =8

. Bullet nese with
Splitter Post profile

fish tail
13.2 % 19 (with RED)
'“;‘ji‘;ﬁi: z::s NE. Manufacturable &
feagible

Table 1.0

In use, the flow from the inlet 106 to the outiet 108 proceeds as follows. The flow first passes
through the fluidic oscillator 102, in the'opposite direction to that which would produce fluidic
osciliation. The fluidic oscillator 102 acts to condition the flow into the fluidic oscillator 100. The
diffuser walls 110a and 110b of the fluidic oscillator 102 direct the flow towards the throat 104. In
addition, the diffuser walls 110a and 110b are aranged such that the flow past the walls into the exit
of the feedback channels 114a and 114b is minimised, and so prevenis flow from the feedback
channel from disrupting the main jet at the throat. This also minimises the low-frequency modulation
in the non-measuring fluidic oscillator. Figure 2a shows the flow path from the inlet and into the
diffuser, acting as a flow conditioner. The solid arrows designate the preferred flow path, and the
outlined arrow designates the flow into the exit of the feedback channel that is not desired.

Increasing the diffuser wall angle decreases the amount of flow entrained into the feedback channel,
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However, the pressure drop across the meter will increase with increasing diffuser wall angle, and so
the diffuser wall angle is optimised for pressure drop and fluid flow through the meter.

Figure 2b shows the flow path in the inlet proceeding from the tapered portion 118, into the
paratlel portion 120, and then on towards the diffuser. The parallel portion of the inlet is preferably
arranged to condition the flow and further decreases the amount of flow into the exit of the feedback
channels 114z and 114b.

The conditioned flow exits the diffuser intake 122 and enters the throat 104, at which point the
maijority of the flow will pass through one of the two main channels 128a and 126b and through the
outiet 108. Two feedback channels 114a and 114b are respectively associated with the two main
channels 126a and 126b.

However, some fluid flowing through the fividic oscillator 100 will have a tendency to flow
along a main channel wall 110a, due fo the Coanda effect. It will then tend to flow around the wall
and into the associated feedback channel 114a before returning to contact the inlet fluld stream (at
throat 104). This contact forces the inlet fluid stream to pass through the other main channel 124b,
where some fluid will then flow along channel wall 110b, again due to the Coanda effect, and into
feadback channel 114b. The fluid then returns to contact the inlet fluid stream and push it to flow
through the first mentioned main channel 128a, and so on. |t is this oscillation between the two main
channels 128a and 126b and feedback channels 114a and 114b which drives the fluidic oscillator

100. When the flow is reversed the equivalent flow pattern occurs in fluidic oscillator 102, and fluidic

“oscillator 100 acts as a flow conditioner as the fluidic oscillators 100 and 102 are identical.

The splitter post is preferably arranged so that the cross sectional area between the spiitter
post and each diffuser wall is substantially equal to, or greater than, that of the diffuser intake cross
sectional area, and/or the throat 104 cross sectional area. Therefore, when the majority of the flow is
passing through one main channel due to the Coanda effect, the pressure drop across the meter is
minimised.

As shown in Figure 3, the paddie feature is preferably included to reduce the outlet flow of fluid
from re-circulating around the spiitier post and infroducing additional oscillations within the measuring
meter. Therefore, the paddie feature increases the accuracy of the meter. The paddle extends into
the outiet bore of the meter and allows the meter to remain small in size by reducing the amount of
flow instability around the splitter post.

In an alternative embodiment, a pair of vortex shedding flow meters, such as Karman vortex
meters, can be uliiised instead of the pair of fluidic oscillators as described. In this embodiment, the
flow meter comprises a chamber, having an inwardly tapered fluid inlet and a fiuld outlet. Two fluid
flow channels are defined in the chamber from to the inlet to the outlet on either side of a divider,
The divider comprises a sensor in the form of a piezoelectric sensor or the ke, A bluff body is
provided upstream of the divider.

When fluid entering the chamber via the inlet flows past the bluff body, vortices are formed

on either side of the biuff body, and flow down each channel. The vortices formed are known as
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Karman vortices, and are alternately shed from each respective side of the bluff body in proportion to
the rate of fluid flow through the flow meter. Due to the alternate shedding of vortices, a pressure
difference is provided in the fluid across the two channels. This pressure difference is sensed by the
sensor, and is used to count the rate of vortex production, and hence to determine the rate of fluid
flow through the flow meter.

The above described flow tubes when utilised in a flow meter have sensors in each fluidic
oscillator to defect the oscillations. Typical sensors are electro-magnetic field EMF sensors that
detect the EMF generated by the oscillating flow passing through a magnetic field. However, other
sensors, such as piezoelectric sensors, can be wlilised. The flow tube oscillation frequency is
dependent on the flow rate through the meter, and therefore the flow rate can be determined by
measuring the oscillation frequency. The typical flows that the abové described meter can measure

are between 10 litres/hour and 3125 litres/hour.

Correction methodology

The nature of the fluidic oscillator flow meter and the sensing system means that under certain
conditions such as mechanical vibration, or at certain flow rates, there will be disruption 1o the
theoretical oscillating pattern of signals from the osciliator. To combat these problems a number of
methods have been developed which enables correction of even significant disturbances. The
following wilt describe those methods in detail.

Validation

Validation is a technique used to check that the output pulses are real flow and not just a few
random pulses due to noise. Validation is accomplished by comparing successive pulse separation
periods; output pulses due to real flow are represented by highly repetitive pulses. A validated pulse
is one which matches with the typical pulses which are occurring, an invalid pulse is one which is
atypical. Validation works by acquiring a value representing an average pulse separation period and
setiing typically a 25% window against which each new pulse is tested. Flow is determined to be
active once a number of matching pulses have been recognised. For example, a rolling 9 pulses can
be utilised in determining the current average pulse separation pericd. This aflows any change in
flow rate to be accounted for.

Flow Rate Calculation

Using the pulse separation period measurement the period of the pulse is determined, a point
above and below on the lookup table are determined and using linear interpolation a specific volume
per pulse is calculated as each pulse is processed. This is directly related to the flow rate through the
meter,

Basic Pulse Accumulation

The ‘Basic Pulse Accumulation’ is the initial method of counting pulses and accumulating a
volume for each pulse, and thereby calculating the fiow rate; this is the general method for known

pulse output details. However, any irregular pulses that occur, such as missing pulses and double
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pulses, will cause errors in the volume accumulated, as:

Accumulate Volume = N x Volume per Puise

Fractional Pulse Inclusion

The validation process described above is utilised to determine valid and invalid pulses. The
flow rate due to valid pulses is determined using the ‘Basic Pulse Accumulation’ method, However,
the flow rate due to invalid pulses is determined in the following way. A statistical parameter, such as
the median, mean or mode is determined in dependence on the puise separation periods of all valid
output pulses. 1t is preferable to utilise the median pulse separation period for the previous 9 output
pulses. Utilising the median effectively filters out the least desirable pulses, i.e. those with either a
very long or very short pulse separafion period compared to the theoretical puise repetition
frequency. The median puise separation period is then utilised to calculate the specific volume for
that period using the look-up table. In order to correct for missing and double pulses the current
pulse separation period of the invalid pulse is normalised utilising an average, such as the median,

mean of mode, pulse separation period, as shown below:

Acc Volume = (N " x Voi per pulse) + (N x Pulse Period x Vio! per Pulse)

Median Pulse Period

NEBE Vol per pulse is the volume of the median pulse at that flow rate

Therefore, the flow rates determined in dependence on the valid pulses and on the invalid
pulses are combined to determine the overalt flow rate. This reduces the errors caused by missing
and double pulses significantly.

in addifion a roliing average of the median pulse can be utilised in the above formula. This

reduces the error still further.

Flow direction detection

When & pulse cutput flow meter (for exampie a fluidic oscillator) is run in a reverse direction
the oscillator or system for sensing the oscillations will often produce puises that are not of the same
frequency or repeatability as when the flow meter is run in the forward direction.

in a unidirectional meter this can be misinterpreted as forward fliow of a wrong magnitude. in a
bidirectional meter this can produce an uncertainty in the direction of flow especially at starting and
stopping of flows and at times wher the sensing system Is subject to high noise levels (for exampie
during vibration).

For the bidirectional flow meter consisting of two “back to back” single flow meters (as
described above}, a register is allocated to each fluidic osciilator. This register is incremented on a

valid pulse from the associated flow meter. The fluidic oscillator in the forward direction has a higher
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frequency than the fluidic oscillator in the reverse direction, and so the register with the higher value
indicates the direction flow. (Valid pulses are determined as described above.)

It is desirable to prevent the forward and reverse direction registers from continuing to rise
indefinitely, since iffwhen the flow direction changes it will take significant time for the register values
to adjust fo the new direction of flow.

Hence, when a valid pulse increments the register for one direction the other register for the
opposite direction is decremented at the same time (this could be weighted such that it decrements
as some function of the increments, e.g. at twice the rate, or 5 times the rate, etc). This results in the
ability to use smaller registers and to ensure that there is never a situation in which both registers are
full.

When the flow meter is measuring flow in a forward direction valid pulses increment a forward
direction register up to a maximum of typically 15 counts. A valid reverse pulse decrements the
forward register and increments the reverse register by one unit up to a maximum of typically 15.
(Hence the required register capacity is known.)

The smailer the register the quicker the meter will respond to changes in the flow direction but
the less robust it will be to eliminating noise. As stated above, a preferred register size is able to
handle a count of 15. The size of the registers and the function far decrementing them is tunad fo
the exact requirements of the specific flow meter, and application. Both registers are cleared when
no activity is detected in either direction for a certain amount of time.

As described above, a validation algerithm is applied to each puise, and only valid pulses
increment the register. As the reverse flow will likely produce random, non-rhythmic, puises the
validation process increases the accuracy of detecting the correct flow direction.

The above described correction and flow direction methods are implemented using the flow
meter processor, as shown in Figure 4. The flow direction detection method is implemented prior to
measuring the fluid flow rate. This enables the processor to determine the correct sensor set fo use
when determining the flow rate, as using the sensor set of the fluidic oscillator that has a backward

fiow will result in errors,

Port profile

In certain cases the flow of fluid through the flow tube of the flow meter may result in a
noticeable, and unacceptable, pressure drop or head loss along the length of the flow tube. In
comman engineering practice, one way to avoid head loss across a fluid system is to ensure the
cross-sectional area across the various parts of the fluid flow is approximately the same. However,
in the highly turbulent flow conditions in which the described flow meter operates it has been found
that the head loss is improved by providing that the minimum cross-sectional area of the outlet port
108 (which includes the parallel portion 120) has a larger cross-sectional area than that of the throat
104. Surprisingly, the increase in cross sectional area is required in order to minimise the head loss

associated -with that section. |n particular, the cross-sectional area on each side of the splitter post in
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the paraliel portion 120 is ideally equal to or greater than the cross-sectional area of the throat 104
(since the majority of the fiow wili be on one side or other of the splitter post at any one time).
Preferably, this feature is used in conjunchion with the paddle feature 118 described above.

More specifically, and referring to Figure 1, the cross-sectional area of the substantially
parallel portion 120 of the flow tube about each side of the splitier post 112 and paddle feature 116 is
made greater than that of the throat 104. The relative increase in cross-sectional area of parallel
portion 120 of the flow tube need not be large, only enough to reduce the head loss experienced at
the outiet 108 so that it is no longer the source of the dominant head loss in the system. Since the
bidirectional flow meter Is essentially symmetrical, the increase in the outlet port cross-sectional area
means that the inlet pont cross-sectional area is also increased. '

Figures & show side elevation cross-sectional or profile views taken along the line X-X' shown
in Figure 1 of two versions of an embodiment of the bidirectional fluidic oscillator flow tube: Figure 5
a) shows an initial version with an unmodified cross-section; Figure 5 b) shows a revised version with
a larger outlet port 108 as described above. As can be seen from Figure 5 b) the cross-section of the
flow area 502 is substantially rectangular, with a width of approximately 15.2 mm and a height of 19
mm.

In this embodiment, magnets 402 positioned within the diffuser walls are raplaced by a single
magnet 500 positioned within the splitter post 112,

Table 2 shows the results of measurements of the approximate pressure drop or head loss as
measuted including filters at the inlet 106 and outlet 108 at a test flowrate of 2500 lt/hr (Q3) for the
initial and revised profile geometries. In both cases, the throat cross-seclional area is approximately
B9 mm’ (3.62 x 19.0 mm); the ratio given represents the smallest cross-sectional area of the outlet

along the fine X=X in Figure 1 divided by the cross-seciional area of the throat 104 (as just given).

Qutlet area / throat area | Pressure drop (Bar)
Initial 0.82 0.7
Revised 1.03 0.5

Tabie 2

As can be seen from Table 2, increasing the cross-sectional area of the outlet port 108 (or more
specifically, that of the paraliel portion 120) reduces the head loss in the flow meter, In particular,
increasing the ratic of cross-sectional area of outlet to that of the throat as shown reduces the head
loss from 0.7 1o 0.5 bar. The details provided above are a specific example of a 15mm meter; other
meters of differing sizes are also provided, and the pressure drops across different sized meters will
be different. However, in each case the increase in cross-sectional area will lead to a decrease in the

pressure drop.
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Flow meter

Figure 4 shows a flow meter incorporating the bidirectional fluidic oscillator flow tube as
described above. The sensors 400 are connected to the flow meter hardware. The magnets 402 are
positioned within the diffuser walls and are utilised to induce an electromagnetic field that is
measured using the sensors 400. The output of the sensors 400 is processed by the flow meter
hardware, and an output of the flow ratefflow volume is provided. The regisiers are used in
determining the flow direction as described above. The processor is utilised to carry ouf the
correction methods, and flow direction detection as described above. The associated memory is
utilised to store, for example, the look-up table utilised in determining the flow rate.

While the invention has been described in reference to its preferred embodiments, it is to be
understood that the words which have been used are words of description rather than limitation and
that changes may he made to the invention without departing from its scope as defined by the
appended claims.

Each feature disclosed in the description, and (where appropriate) the claims and drawings

may be provided indepencently or in any appropriate combination.
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CLAIMS:

1. A flow tube for a bidirectional flow meier comprising:

a first means (for example in the form of a first flow chamber) for generating a periodic
pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the mater
in a first direction;

a second means (for example in the form of a second flow chamber) for generating a periodic
pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the meter
in a second direction, opposite to the first direction, each generating means comprising a  diffuser,
comprising two bodies; a splitter post; and two feedback channels;

connection means for connecting said first and second generating means in series between
an inlef port and an outlet port; and

an elongate body, positioned downstream of the spiifter post, arranged o reduce the backflow

around the downstream end of the splitter post.

2. A flow tube according to Claim 1, wherein said first generating means and said second

generating means are substantially identical.

3. A flow tube according to Claim 1 or 2, wherein the two said generating means are arranged
such that the inlets of the first and second generating means as defined when the fluid is flowing

respectively in the first and second directions are connected together.

4, A flow tube according tc any of Claims 1, 2 or 3, further comprising a throat positioned

between the first and second generating means.

5. A fiow tube according to Claim 4, wherein the first generating means is adapted to condition
the flow through the throat into the second generating means when the fluid is flowing in the second

direction, and vice versa.

8. A fiow tube according fo Claim 4 or 5, wherein the minimum cross-sectional area of the outlet

port is greater than the cross-sectional area of the throat.

7. A flow tube according to Claim 4, 5 or 6, wherein the minimum cross-sectional area of the

outlet port is greater than twice the cross-sectional area of the throat.
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8. A fiow tube according to any of Claims 4 to 7, wherein the diffuser intake width is greater ihan
the width of the throat.

9. A flow tube according to Claim 8, wherein the diffuser intake width is between 1.4 and 1.8
times the width of the throat, preferably between 1.5 and 1.7 times, more preferably approximately
1.64 times.

10, A flow tube according to Claim 8 or 9, wherein the difference in intake width and throat widih is

between 2.0 mm and 2.5 mm, preferably approximately 2.3 mm.

M. A flow fube according to any preceding claim, wherein the diffuser comprises two, preferably
elongate, bodies, and the angle between the two such bodies is adapted o substantially minimise the

flow into the exits of the feedback channels.

12. A flow tube according to any preceding claim, wherein the diffuser comprises two bodies, and
the angle between the two such bodies is between 25° or 28° and 35° or 38°, preferably between 30°
and 34°, mare preferably approximately 32°,

13. A flow tube according to any of Claims 4 to 12, wherein the shortest distance from the splitter
post to the inlet of the generating means is between 6.0 and 7.0 fimes the width of the throat,

preferably between 6.25 and 6.75, and more preferably approximately 6.4.

14. A flow tube according to any preceding claim, wherein the shortest distance between the
splitter post and the iniet to the generating means is between 22 mm and 24 mm, preferably

approximately 23 mm.

15. A fiow tube according to any preceding claim, wherein the splitter post is positioned at least

partially within the exhaust of the diffuser.
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16. A flow tube according to any preceding claim, wherein the shortest distance between the
splitter post and one of the bodies is between 0.9 and 1.1 times the shortest distance between the

bodies, and preferably is substantially equal to that distance.

17. A flow tube according to any preceding claim, wherein the elongate body extends from the

. splitter post into the neck of the inlet/outlet of the meter.

18. A flow tube according to any of Claims 4 to 17, wherein said elongate body extends between
1.5 and 3.5 times the width of the throat, preferably between 2 and 3 times, and more preferably

approximately 2.5 times.

18. A flow tube according fo Claim 17 or 18, wherein said slongate body extends between 5 mm

and 15 mm, preferably 8 mm.

20. A flow tube according tc Claim 17, 18 or 19 as dependent on any of Claims 4 to 7, wherein
safd elongate body is between 0.20 and 0.40 times the width of the throat, preferably between 0.25

and 0.35 iimes, and more preferably approximately 0.28 fimes.

21. A fiow tube according to any of Claims 17 to 20, wherein said elongate body is between 0.5

mm fo 2 mm thick, preferably approximately T mm.

22. A flow fube according fo any of the preceding claims, wherein the inlet/outlet of the meter

comprises a substantially parallel section.

23. A flow tube according to Claim 22, wherein the inlet comprises a bore which tapers to said

substantially parallel section.

24, A flow tube according to Claim 22 or 23 as dependent on Claim 4 or 5, wherein the length of
said substantially parallel section is between 2.0 and 2.5 times the width of the throat, preferably

between 2.1 and 2.4 times, and more preferably approximately 2.22 times.

25, A fiow tube according ic Claim 22, 23 or 24, wherein said parailel section is between 6 mm

and 10 mm in length, preferably approximately 8 mm,

26, A fiow tube according fo any of Claims 22 to 25, wherein the transition between the tapered

and paraliel sections is filleted.
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27. A flow tube according to any of Claims 4 {o 27, wherein the minimum cross-sectional area of

the outiet port minus the cross-sectional area of the splitter post is greater than twice the cross-

" sectional area of the throat.

28. A flow tube according to Claim 27, wherein the minimum cross-sectional area of the outlet port
minus the cross-sectional area of the splitter post is greater than 2.01 times the cross-sectional area

of the throat, preferably greater than 2.05 times.



