FLU D FLOW METER TECHNI CAL FI ELD The present invention relates to fluid

flowreters and in particular to bidirectional fluidic oscillator flow

met ers, swohor®203mi ci pal water flow neters. However, i pcirasBr089/dsimsoted to

such applications. BACKGROUND ART Fluidic oscillators have been proposed as

a basis for fluid, and especially liquid, flow neters. Fluidic oscillators
Eave the advantage that they havep 'lﬂarﬂﬂbi\lﬂﬂE?Eﬁts. and therefore potentially
ave a longer operating life conpare chanical flowreters. The
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al t er nat i veBAGKGROUND SBIVVARY OF THE | NVENTI ON Bi -directional flow neter
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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 prior art, or at least to provide a

suitable alternative thereto.

20 SUMMARY OF THE INVENTION
Bi-directional flow meter

According to the present invention, there is provided a flow tube for a bidirectional flow meter
comprising:

a first means (for example in the form of a first flow chamber) for generating a periodic

25 pressure fluctuation whose frequency varies in dependence on the flow rate of fluid through the
meter in a first direction; and

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;

30 wherein said first and second generating means are connected in series between an inlet port
and an outlet port.

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 outlet) the
bidirectional flow meter can more accurately measure reverse flow, and can cope with incorrect

35 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 a particular orientation can be obviated.



bidirectional flow neter can nore accurately neasure reverse flow, and can
cope with incorrect installation of the neter. Preferably, said first
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20  the relevant generating means when fluid is flowing in a forward direction (so the 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 regardless 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,

25 more preferably approximately 1.64 times. Preferably, 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 bodies is adapted to substantially minimise the flow into the exits of the feedback
channels.

30 Preferably, 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°, more preferably approximately
32°. This can improve performance.

Preferably, the shortest distance from the splitter post to the inlet of the generating means is
between 6.0 and 7.0 times the width of the throat, preferably between 6.25 and 6.75, and more

35 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 splitter post is positioned at least partially within the exhaust of the diffuser.

Preferably, the shortest distance between the splitter post and one of the bodies is between 0.9 and
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Preferably, for ease of manufacture, the transition between the tapered and parallel sections
is filleted.

25 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.

30 According to a yet further aspect of the present invention, there is provided 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
elongate body, positioned downstream of the splitter post, arranged to reduce the backflow around

35 the downstream end of the splitter post.

Preferably, said elongate body extends from the splitter 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,



approximately 8 mm Preferably, for ease of manufacture, the transition
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determining the flow rate in dependence on each invalid output pulse; and
combining the flow rates determined in dependence on the valid and invalid output pulses.
The combining may be simple summing or may be for example a weighted sum of the flow
25 rates determined for the valid and invalid pulses, with the valid pulses preferably contributing more
than the invalid pulses.
Preferably, the method further comprises:
determining a statistical parameter (for example an average) in dependence on a plurality of
output pulses; and
30 determining the flow rate in dependence on each invalid output pulse, utilising the statistical
parameter.
This may yield a more accurate output of the meter over a greater range.
According to a further aspect of the present invention, there is provided a method of
determining the flow rate through a pulse output flow meter, comprising:
35 determining whether each output pulse is valid or not;
determining the flow rate in dependence on each valid output pulse;
determining a statistical parameter (for example an average) in dependence on a plurality of

output pulses;



According to a further aspect of the present invention, there is provided a
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determining the mean pulse separation period of a plurality of output pulses; and
20 determining whether the current pulse separation period is within a predetermined range
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 preferably 9, pulses are
utilised in determining said mean.
25 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
According to a further aspect of the present invention, there is provided a method of
30 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 a plurality of output pulses of a second sensing device; and
determining the flow direction in dependence on said two analyses.
Hence the direction of flow can quickly be determined.
35 Preferably, the method further comprises determining whether the output pulses of each
sensor device are valid or not.
Preferably, said step of determining whether the output pulses of each sensor device are

valid or not comprises:
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Wwithin said [5?%@5'9’6 %"}‘?8}? [ecomprises ¢ oth registers when no output is detected
for a period of time. Preferably, said period of time is dependent on the pulse separation period

20 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.
The invention extends to a computer program product comprising software code adapted,
when executed on a data processing apparatus, to perform any of the steps as aforesaid.
25 The invention extends 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
30 herein described with reference to the accompanying drawings.
The invention extends 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.
35 Preferably, the sensing means is a piezoelectric device.
Preferably, the sensing means is electrically connected to an electric counter configured to
interpret an output from the sensing means which relates to the periodic pressure fluctuation.

According to a further aspect of the present invention, there is provided apparatus for
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20  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 to

25  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 plurality of median pulse separation
periods.

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

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

Preferably, more than 3 or 6, and preferably less than 12 or 15, more preferably 9, pulses are

35 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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wherein said pulse is determined valid if it 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, associated with a second direction of flow; and means for

25 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. Yet more
preferably, said threshold is preferably more than 3 or 6, and preferably less than 12 or 15, more
preferably 9.

30 Preferably, the decrement is proportional to 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 period of time. Yet more preferably, said period of time is dependent on the pulse
separation period before no output was detected.

35 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.

The invention also provides a computer program and a computer program product



out put pul ses. Preferably, the statistical paraneter is the node pul se
separation period of the plurality of output pulses. Preferably, nore than
3 or 6 , wodopreberably | ess than 12 or 15, nore prefer ablryGERo009/3uisses are
utilised in determning the statistical parameter. Preferably, the neans
for determ ning whether each output pulse is valid or not: determnes the

mean p%ﬁ@r.ﬁﬁ%%ﬁxﬁéﬂe%ﬁ PRl t%&'nvﬁfe L3N, td% oc%%'éupqué&g%lué% Pﬁ@ﬂgny of

det er mi ne e cu Ise separa aTon “per 'S w
pr edet ehermﬁfedd&mwa%bﬂemtIhféudmaamypualbfét@urcampfmnt si¢rsrei n said pulse is

det er m ned al%evlﬂl/érﬂor'u faidot proviad¥ Ehidinpddh deBREMBEITh NRA iIHy2R6Re tRESEHAD! Y,
nore than 3 or and preferably I ess than 12 or 15, nore preferably 9 ,

pul ses %W@”tﬁ'tﬁ’rPﬁ”é@d‘S?f‘?“ﬁéPer m ning said nean. More preferably, said range

IS Between -12@%mantbritexddhis to Meffodd Bndick Hiparatus slzstditalgngd nedeid Ye2fibddngithmean
pul se d Accor 0 a further aspect of the present invention,

u
there i {eﬁpf)‘?/ocﬁreedacﬁf)'ﬁ%ﬁné{'ﬂ% daVliYSdet ecting the flow direction in a pul se
out put bi - diAceatingtt@ak ybi forherebesct ofttbepresstrigrentinra ere( r[smrove»earamuerepmbnahe

form Off ofd nPJté)rqr?c%ﬁBFanRé ;8%5%% {51 Je?éé* ity tnE Ay BRRASH i ggeﬁbgsrrﬁéx& Lgife ?gonarm)ws' ng

a plura Ity of tput” pul ses of iTst sensing device, ans or exanpl e
i n t he meiemiughergompidingsaenns & nesepding dpw caie. tsaid ppena Bejeg-adepied tov@agRule flopor

analoysirag id ®lpdhdthtd Yip& tRUbE IRl B&S dRbctiBn A6 ONGheab e | I UodeME & sadhd
means (for exanFI e inthe formof a processor or other circuit, and

associ HEIREAIISFNF or determining the flow direction in dependence on said
two anal ySeSA.nyl?éﬁlfrel’ra&{eyaspé&nef mema/reaﬁdns:nafyu:retdmredaaﬂmet SPBCtEBRNS infverition,
det er m.ni artpu ses  of % sensor evice are valid o

r

n
R e s T A RIS ERRT R P o

each samgarcede!vace are valid or not det er m nes the aver age pul se

sep@r ation %‘}tlwé’r%%f At UhrBlehbtte @ in AL m%v'bé‘?rﬁple@@ﬂedjﬁts%ﬁm%eémdv\'h@et her

the current pul se séparation period is wthin a et erm ned range about
t he avé@&@eAﬁmeﬁeéer&al‘Oa%qﬂwﬁfe aﬂﬁe?réwweM%esdaﬁreeshog'd&etce?%ﬁﬁuefb@m@r&mu if it is
Wi thin said predeterm ned range. Preferably, the apparatus further

conpri S%ﬁEgﬁ%Sﬁﬁjﬁ% i ggr @%A\&&{ﬁaﬁ first register, associated with a first
directi , P %[EE the first sensor device is valid, and
decr enent i IRyefarseaomdiniedg fttiey invasiso aillatoathevddstribad stgo@ycof dixaregd ioolp, with f | ow;
an%oneargf%rekgg 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
25 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 outlet;
Figures 4 show a schematic of a flow meter incorporating fluidic oscillators according to an
embodiment of the present invention; and
30 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 flow tube
35 comprises two fluidic oscillators, 100 and 102, connected together via a throat 104, an inlet 106 and
an outlet 108. The tube 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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T of 3.6 mm the intake width of the drf'fuser is between 5.6 mm and 6.1 mm, the preferred intake

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
25  equal to that of that of the intake.

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

The splitter post 112 is positioned within the exhaust of the diffuser 124, between 22 mm and

30 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

35 0.5 mm and 2.0 mm, preferably approximately 1.0 mm. Again, when scaled to the throat width the
paddle length is between 1.5 and 3.5 times the throat width, preferably approximately 2.5 times, and
the paddle width is between 0.20 and 0.40 times the throat width, preferably approximately 0.28.

The housing, and flow tube are preferably manufactured from an appropriate rubber, plastic or
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Table 1.0

In use, the flow from the inlet 106 to the outlet 108 proceeds as follows. The flow first passes

through the fluidic oscillator 102,

30 oscillation.

in the opposite direction to that which would produce fluidic
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 arranged such that the flow past the walls into the exit
of the feedback channels 114a and 114b is minimised, and so prevents flow from the feedback
channel from disrupting the main jet at the throat. This also minimises the low-frequency modulation
35

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.



The cross section of the inlet 106 and outlet 108 bores is substantially
rectangular, 13.2 nmx 19 mm wth filleted corners of radius 6 mm The

di f fuser weomm2p3teake 122 and an exhaust 124. The diff peercBradds1880a and
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passing through one main channel due to the Coanda effect, the pressure drop across the meter is
25 minimised.

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

30 flow instability around the splitter post.

In an alternative embodiment, a pair of vortex shedding flow meters, such as Karman vortex
meters, can be utilised 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 fluid outlet. Two fluid
flow channels are defined in the chamber from to the inlet to the outlet on either side of a divider.

35  The divider comprises a sensor in the form of a piezoelectric sensor or the like. 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 bluff body, and flow down each channel. The vortices formed are known as



channel fromdisrupting the main jet at the throat. This also m nimses the
| ow-frequency nodul ation in the non-neasuring fluidic oscillator. Figure 2a
shows t hewbdl2ow/qed’d fromthe inlet and into the diffusepcTamiongsasoa fl ow
conditioner. The solid arrows designat3e the preferred flow path, and the
outlined arrow desi gnat es the flowinto the exit of the feedback channel

h | I
ot Yoy ARt o LR Pl i S 58y e ARG FRRBALIE,
drop adhotste effbidnfiomethropph theiflewrreetere Duetth thealtesadd shydding fbfw@trcem wre%sn@l e,

and so difeerdh fsf HSRied Wadhk flé‘lﬂgl:r%sé e Y éHzhsed ft@pr@é‘sﬁr%sfﬂe?engé Bgeﬁé‘éq bﬁ/ kndd d
fl ow through the neter. gure 2b shows the flow path in th

pr ocee A" FAGrs viRd te éﬂé}‘ 3‘8 rﬁ‘@rotf VetPxPrgductiq and 'FPé‘C%éPr %ﬁt?r@l'”eﬁB? f"’lt%ﬂf s, and
t hes oriolvamaiighshd fiev eletef. user . The parallel portion of the inlet is
r decrease

r ef er abl rr
D o oo | Do RBE fot st oL bl ToeR i Anftn’ olel Bl SRAGE i Gaeh i ™o
condi t icsritedorf toalateek tHesostiaiods. f fTygea senmsbakare ERZtraonehgediic diekl EVie semoaamali04,
at whi r 0 Wo
mai n cﬁ%ﬁ%g thEﬂzge nanc?(a dﬁ’é% ancA|5ﬁﬁr ougir% t hde!hg]&? i M%gg%qt%ld Q@e't
channelssnspiy sugh@s Piezpeleqtis ?Qé@?féc@qnv@q yt"ag%ocThatf@w WPe 19s¢iliption \quu@amh 1S

chapnel &pd@at SHhe Jf%@brateHﬁmﬁgnefhe rﬁa@?e ana wedaféré% iy bl eaOhe tibernfihddi i C
oscillator 100 wll have a tend h?tvg ow al ong a majn channel wall 110a,

due t o "PHEVESARYSSAPTWeaugROY T 'ﬁ@ﬁ'OW%H‘&t g aP?V&era%a%a"eteh@awaﬁlsuaend

i nt 0 t hee paweN @DLiees/hozedhrxies afarmael. 114a before returning to contact the
inlet fluid stream (at throat 104). This contact forces the inlet fluid
streamto pass through the other main channel 124b, where sone fluid wll

t hen f|Gouregtiommetitodategy wal | 110b, again due to the Coanda effect, and into

f eel%b ack ¢ hﬁﬁ@ rrllﬁ ure]t;]f% flu-[jh:eost: Léfbrdﬂolﬁ\l/rﬁ?ﬂerraﬁa 't'r{e%né I Ongﬁﬁéang hr%t ﬁHe?ETrfak UI d

stream and push It to flow throug I rst mai n c anne
and so %pditiqng sugh ?ﬁlngecb‘@ﬂi‘ia’ Vigtatienh et vaedain thw rﬂ% trafienwig W&rﬁh%v@'oﬂz'@é{‘eand

126b aﬂﬂeJr@@Qb}%&ifat|ﬁ@§élfé@A §f sighaR fRRdthd b4dnawi &6 cethbat @fest PR bIehidi Hhuiber of

oscillatqgr 100. e ow.is reversed the_equival ent flow tern
ocur s T e Oo58 SpYoRe Higioenebien PITEAtEn &f GUe] FRURGH JB0IoRRES. ala 1 ow
condi tlfdmwmga\sll deeribklthbsdimetrogsinldetior s 100 and 102 are identical. The
spljgtter pQaliqisnPr €ferably arranged so that the cross sectional area
betvveen t he sp 11t er post and each diffuser wall is substantially equal to,
or great er Makidation istmtechyfique weediiof cheskethatitine eulieut pulesssars exal flaynaid rpt ivat a temd/ or

the thrgaloml QeSS & ﬁﬁs%t '\%ﬂ@étuo@fs%corﬂ&u@ﬁe%f&rcﬁmp%@%ufc&%m%ﬁb@é& deYa@fiont he
flow is passing throu one main channel due to the Coanda effect, the

press ur@”%ﬁ%ﬂ“% PYises ‘?Uﬁéo FRet Eaw are representrd By higy repRiBA pP'ﬁesﬁAg‘{Pr' igated pUIStehe

paddl e if 6 Whieh hiatcpeL vt &llaltypudangmwiamamaré dtlethgt Be ibitd giisefib oMe @hich lisui d
tter post and intrqducing, addi.t

) nd th I
i°] [ ?ﬁt)ﬁ)ﬁfyﬁg“ﬁ?(ﬁ Ifqﬁ WP%%%H@&C&U‘%F Sr{i\g/a‘ue repre entlng an average pulse sepa tion perlod nr(]ja

setting 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 period. This allows any change in
flow rate to be accounted for.
30 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.
35 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 flow 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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successi ve pul se separation
pulses are combined to determine the overall flow rate. This reduces the errors caused by missing

and double pulses significantly.
25 In addition a rolling average of the median pulse can be utilised in the above formula. This

reduces the error still further.

Flow direction detection
When a pulse output flow meter (for example a fluidic oscillator) is run in a reverse direction
30  the oscillator or system for sensing the oscillations will often produce pulses 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 flow 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 when the sensing system is subject to high noise levels (for example

35  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 oscillator. 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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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
25 measuring the fluid flow rate. This enables the processor to determine the correct sensor set to use
when determining the flow rate, as using the sensor set of the fluidic oscillator that has a backward

flow will result in errors.

Port profile

30 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
common 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

35 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. In particular, the cross-sectional area on each side of the splitter post in
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Outlet area / throat area | Pressure drop (Bar)
Initial 0.82 0.7
Revised 1.03 0.5

25
Table 2

As can be seen from Table 2, increasing the cross-sectional area of the outlet port 108 (or more
specifically, that of the parallel portion 120) reduces the head loss in the flow meter. In particular,

30 increasing the ratio of cross-sectional area of outlet to that of the throat as shown reduces the head
loss from 0.7 to 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.

35



the less robust it will be to elimnating noise. As stated above, a
preferred register size is able to handle a count of 15. The size of the
regi st er swendigdes7tuncti on for decrenenting themis tunedTtgB20évmsEmsact

requi renents of the specific flow neter, and application. Both registers
are cleared when no activity is detected in either direction for a certain
amount @of 1ipE. As described above, a validation algorithmis applied to
each pul'se, and only valid pulses increment the register. As the reverse
flow wi || IFidied ¢ shoge@ckow meths rimcornorating yheh hidisectipnall dlvidict dseillater ﬂ%ttlib@rﬁs

Pr oces ek HpLEARRE. frﬁl@s&qg&kl&@@é(re%m{i@t%@ﬁ}thé‘ﬁov& ReteFRIRGE. ThoMadlelsOebibRn. The
above described correction and flow direction nmethods are inpl enented using

the fl W'H%&eérw'fh"béﬁsg'ﬁlﬂsef @il gpdurs mtifsped) e dndice apneleqtiog\ganflic dietd Bt is
det act irmdnsiied eidg it domipdreaemt afe phtbGrof tife HERNBSH 400 Gs brbeesfséde;dthfelﬂaw méte.

This e es th e r.to determne the. c C gnsor set to use when
St or T RitERs 1 AR i, Jof ShEICH NG soRoLER IRE EIE i s8R

osci | | aietarmmhgtthdﬂéjewajnbat(ohvmr desklilmd atiolé. r'ﬁf@uﬂ)rbcqssprels ruified tPoratry mubﬂhd e I n
certai onﬁ@rﬁlgr? n]fe%dg leﬁw fB el:lt'ioq otelﬂarc (H‘g%% E&%rlgédoé’gogélb%hgfasgolaﬁtetj dg%%

result a noticeab unaccept a pressure drop or 0SS along
t he Ierk@t'sl?décf StPﬂQefofq*@Wpteulbé '00!<'rh'p(tﬁﬂﬁﬂi'hseénfgﬂﬂ@fé}*ﬂ'wgh%ﬂ%tai%e one way to

avojgd head WRRShEML&RSH Rad béanctjemte@mﬂeferénee RSBl e MbRERer flid R area
across the vari ous ﬁprts of the fluid flowis app rOX|nateI% t he sane.

Howev e rU"I¢TROph Eaking MPGHS tRich F“éen'PeeI“I”éW G ¥ FESTRIRHABRA thanlimisliet 2ed

fl ow mehsrchefmes ahgsbd mab@so Beeinvdnaoi dittiduadepaenghiemd it @scpel & ddTpedBR theby
prOVIdlnﬁ deg%b;he m ni mum cr oss-sectional area of the outlet port 108

(whi ch &PREIGEE&E" ™ he parallel portion 120) has a |arger cross-sectional area
t han that dfach I’fﬁ@tttrmldtsdbseﬁcn theStgsprintisin, ragid y(wherk expprepriaéaiske clpimsrargsdrawedsi onal
ar e@ 1 Sn48aYdREd .aaeeérﬁisﬁtH Rin ) fbrSGiald \rBRafbn, 0SS associ ated with that
section. "I n particular e croSs-sectional area on each side of the
splitter post inthe parallel portion 120 is ideally equal to or greater
than the cross-sectional area of the throat 104 (since the majority of the
floww Il be on one side or other of the splitter post at any one tine).
Preferably, this feature is used in conjunction with the paddle feature 116
descri bed above. Mdire specifically, and referring to Figure 1, the
cross-sectional area of the substantially parallel portion 120 of the flow
t ube about each side of the splitter post 112 and paddl e feature 116 is
made greater than that of the throat 104. The relative increase in
cross-sectional area of parallel portion 120 of the fl ow tube need not be

| arge; only enough to reduce the head | oss experienced at the outlet 108 so
that it is no |onger the source of the dom nant head |oss in the system
Since the bidirectional flow neter is essentially symmetrical, the increase
in the outlet port cross-sectional area neans that the inlet port
cross-sectional area is also increased.



Figures 5 show side el evation cross-sectional or profile views taken al ong
the line X-X shown in Figure 1 of two versions of an enbodi nent of the

bi di r ect iwoabidid2ed7di ¢ oscillator flow tube: Figure 5 a) pelmmmo@msirsoti al
version with an unnodified cross-sectison; Figure 5 b) shows a revised
version with a larger outlet port 108 as descri bed above. As can be seen
fromFigure § Al?%l the cross-section of the flow area 502 is substantially
rectangul ar, w }31 a wdth of approximately 15.2 nm and a hei ght of 19 nm
In this enbodi ment, magnets 402 positioned within the diffuser walls are
repl acq_:;i -dh¥%cfonl il efdRgnet 500 positioned within the splitter post 112.
Tabl e shows the results of neasurenents of the approxi mate pressure drop
or head1 | os< B tHee R Bidirgqhienal logeter fFaeRisingt the inl et 106 and outlet 108
at g test f|d)ﬂVétaﬁ1€ar&f (f&E&meb/.mhe(@BT) of arfirdtmewi dhbtnb@rlb faénérattigse defaaf i | eI
georretrles roat Cross-sect e roxi mtely
06° o Y52 Retighog RS Teniehpay Pt oh vEROT Bise b e Py ect R BRRGS e

Cr 0Ss- seaterimaditst direetionpéind he outlet along the line X-X in Figure 1 divided
by the cross: e S - As
can be seensaf ?%r%hargﬁé%s ?BP rléegsfh%ggfrﬁéf %roséégé%s%d@? ?%ar@e}ﬁ:f?pegeﬁg?g lnﬁaz

out | et Rsdedic AreSU(fuckyption vﬁ}@é% frequeasyl Karies Raleprgiderdeeniae BV efe gdlkidityaud20)

r edigc esnd metehm@el:&ﬁsd.rba.oﬁ Rpdditoy HBtIGH direbtibnpar ti cul ar, increasing the
rati o of cross-sectijonal area of outlet to that of the throat as shown

reduces t he HEHY FASLESIEPORFENY 96 IS MBS arerfrnededp P%”eﬁrbS'Q?’Fa’é%P BEbRA are a
speci f iandexanft porof a 15mm neter; other nmeters of differing sizes are al so
provi ded, and the pressure drops across different sized nmeters will be
different. However, in each case the increase in cross-sectional area wll

| ead t @ a detfleadeei accoiding ge édaimre vwhemn Fidfirstrgerarating gogass 4ng fseigssegorfd ow

met@r | REALARN A0 retdiBstHidi i8Skitpnal fluidic oscillator flow tube as
descri bde%g l@% nT e sesnsolr s))’|400I are connected to the fl ow neter hardware.

The magnets 402 are positioned within the diffuser walls and are utilised

to induce am ﬁdme%é aeReef b Cidimel 6 2 Wﬂéreh&hé@@%ﬁi&%@né’r&ﬂld@%ééﬂ@aﬁa&dil%%&j 400.
The outpu}'g of .the sensor.s 400 i s ﬁrocessed %\5 Iow net er gr re, and
an out pUt" BE PRPE ShEAEE/ANF SRPAPBI9TRERTY BT .aaéﬂa'neﬁh%heﬁéa? Byd sflaging’ ysed
i n det eespettivaly ir the fifst aw sdtonediredinnagre desectedegdetadrove. The processor i s
utijjsed to carry out the correction nethods, and flow direction detection
as gescribed above. The associated nenory is utilised to store, for

exanpl €. t heA flowlubgpaccarding teiteny iok Etinian 1.de e Bnfurthergcontpesing evthioalt eositipitdd e t he

i nvent i RRydAAHIRE AnFER6hd dpdralify h&fer ence to its preferred enmbodi ments, it
is to be understood that Tthe words whi ch have been used are words of

description rather than limtation and
5. A flow tube according to Claim 4, wherein the first generating means is adapted to condition

25  the flow through the throat into the second generating means when the fluid is flowing in the second

direction, and vice versa.

6. A flow tube according to Claim 4 or 5, wherein the minimum cross-sectional area of the outlet
port is greater than the cross-sectional area of the throat.

30
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.

8. A flow tube according to any of the preceding claims, wherein each generating means
35  comprises:
a diffuser;
a splitter post; and

two feedback channels.



t hat changes may be nmade to the invention w thout departing fromits scope
as defined by the appended clains. Each feature disclosed in the

descri pt iwo,20end9i7eher e appropriate) the clains and dr arcmgs208y05DE80

provi ded i ndependently or in any appropriate conbi nati on. CLAI M5:

Bi -directional flow neter 1. A flow tube for a bidirectional flow neter
conprising: a first neans (for exanple in the formof a first flow chanber)
for generating a periodic pressure fluctuation whose frequency varies in
dependéhce dhflavhieb¢ pepardingtte Clm Blagiddrardedwglany ReClaigtsdrtoi7nwiergin thetdiffuser

di rect ijQbke AR iFgreRGARSh tHBRRS drtiinexanpl e in the formof a second flow
chanber) for generating a periodic pressure fluctuation whose frequency
vari es in dependence on the flow rate of fluid through the neter in a
secand Wi r ecA fien tube RPESdIbE ot Olairhe, viHiefeit thai difReér iltBke WHBIiebeweed tl4fahaats and

second ,gener at | ans are _.co series between nl et po and
o out 1B i vt el sl BEAGT-Rg™0 o ieme Mpapel Pogin ol of
gener atli.@iginmsans and sai d second generating nmeans are substantially
identical. 3 . A flow tube according to Claiml1l or 2 , wherein the two said
generating neans are arranged such that the inlets of the first and second
gener atlilng rfeleys tubs agedriing & (leish 9t Of wigrelinjtiee ﬂ'ﬁ@ﬁﬂ%g'”r'@%‘@e‘wﬂihv@éﬁythroﬁt t he

firgt andhsaeendndioRehens raﬁepr@f@ﬂae@%@rex.ﬁqgtg@tz%m . A flow tube
according to any of Cains 1, or further conprising a throat

positi oned between the first and second generating neans. 5 . A flow tube
accordinzg t o @bwitoped accondiey &i Bnyt be Clainis B tgenenaiereny tiee aifieser Sompeges edot 0

condi ti ?e eragly fonoz;/tve tbb)(rjlou ndttfbeear;[t1 eg}/eeln% Ot\/\;[ohseuc gc Ies |s%8a qa{o gsta a S When
the fI 1°6% e 'Set T ecti om, Vice Versa.

t ube aamommhentye ficov IGJIoahlmex&ts ofrthéfesedhmepfa'nnew he m ni mum cr 0ss- sect| onal ar ea
of fshe outlet port is greater than the cross sectional area of the throat.

7 . Aflow tube according to Claim4 , 6 , wherein the m ninmum
cross- s@ct i dhiw iPeacerdinthie asuef eleingsot fo 1%%?@@%‘? diffysen cerprises tpebodies,

Cross- semattnecmgie bafuRan Be thé Sucho@iad is bBtweer\24°l P P8 4HB B526:CRY, rdfdtaiPbatyerof t he

pr ecedi ragand 3%5 |Iynap%%():q}r1nage<]eyn?§a2r ating neans conprises: a diffuser;

more pre%ra

20 14. A flow tube according to any of Claims 8 to 13, as dependent on Claim 4 or 5, wherein the
shortest distance from the splitter post to the inlet of the generating means is between 6.0 and 7.0
times the width of the throat, preferably between 6.25 and 6.75, and more preferably approximately
6.4.

25 15. A flow tube according to any of Claims 8 to 14 wherein 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.

16. A flow tube according to any of Claims 8 to 15, wherein the splitter post is positioned at least

30  partially within the exhaust of the diffuser.

17. A flow tube according to any of Claims 8 to 16, 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.

35
18. A flow tube according to any of Claims 8 to 17, further comprising an elongate body

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



a splitter post; and two feedback channels.9 . A flow tube according to
Claim 8 as dependent on any of Clains 4 to 7 , wherein the diffuser intake
wi dt h i s woeatoanei7ban the wi dth of the throat. 10. A fl eertgB2e09%ascsndi ng to
Claim9 , wherein the diffuser intakeow dth is between 1.4 and 1.8 tines
the width of the throat, preferably between 1.5 and 1.7 tinmes, nore

preferally I 1. .1 MBS . cor.di-n : im9
or 10, q&herg%)ﬁ&?)ﬁdeb%cg#rélp %rﬁ%élaﬁmﬁn Sa%%eo\nfé(g[ hg\gﬂ%%tgﬁlra%gst Si)vt\ll(gjgt %hl&gmgg ween
2. 0 nmmedandatg bedynetengds béteeerbl.§ arthp b tiresrie avidih of tBe thrpat, Prefergbly betweandrnd 3

accor ditms,té}]dwe?,fefegb@j%m&m{a@g dsimbgerein the diffuser conprises two,
preferably el ongate, bodies, and the angle between the two such bodies is
adapted to substantially minimse the flowinto the exits of the feedback
chamnelz, 13 fidv fubOuechidhg tACr 68 BI019, FhéBiy: saill efdngateBod dxeendLbetibidr B t he

di ffuser gggﬁi ses twg bodi es, and the angle between the two such bodies is
bet weerf"3 PEURYY 385, 38, preferably between 30 and 34, rore
preferably approximately 32. 14. A flow tube according to any of Clains 8
to 13, As d i I rel r | 5t rom
t he splzla}t t e?ﬁpﬁ‘ﬁgﬁ‘% Sg%ﬁogg?thlraéaﬁmgfg ’ ﬁfér %&;%edr%gtg ?Otr?gteorr@%ﬁsotf ?s%r%%ltl \%eggﬁgrek and
7.0 tirhel eldngatgibaehispptviere 0t2Hepa 0,40 dimep dieatdrth ohErevirent. ereEmbhneetieens).2%and
nor@ Prafersiings R Y freferlvl Bpximbfly ofed . t ube according to any of
Clainms 8 to 14 wherein the shortest distance between the splitter post and
the inlet to the generating neans is between 22 mmand 24 mm preferably
appr oxiazat el A/fiedtubEnaccbdingfto fahpwf Cluibe 18ae an dihegeid saidElyngafe Bod@ismtvikeh 0.515,
wher ei nmr;tnhoe SPr!t' ltct(erlrefgr(‘%glt i Sroﬁr(%Si Fi1onr%d at least partially within the
exhaust™df %H]e (tjl RISy 2P fedw Tlbe accor di ng to any of Clains 8 to
16, wherein the shortest distance between the splitter post and one of the
bodizes 4,5 b ) I ; - Ji
bogliSes,QBandq%ﬁ@fﬁehrngI%?@gg iou gfn%%%&%@% @,%eﬁﬁh@ i%éogﬁéé\g.?ﬁ{lééﬁé}% fl ow
t ube aceBPEies§ stestemplvarratiplgpeion8 to 17, further conprising an el ongate
body extending fromthe splitter post into the neck of the inlet/outlet of

the nmeter.19. _A f|ow tupe according to aim 18 as dependent on any of
O o Mt &y (S eSS Sa et G0 P e LR Dy RS

ti mes tdeetioni dth of the throat, preferably between 2 and 3 tinmes, and nore
pre)‘ferably approximately 2.5 times. 20. A flow tube according to Claim18
;

9, wherein said el ongate body extends between 5 mm
25. A flow tube according to Claim 23 or 24 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 26. A flow tube according to Claim 23, 24 or 25, wherein said parallel section is between 6 mm

and 10 mm in length, preferably approximately 8 mm.

27. A flow tube according to any of Claims 23 to 26, wherein the transition between the tapered

and parallel sections is filleted.

30
28. A flow tube according to any of Claims 8 to 27 as dependent on any of Claims 4 to 7,
wherein 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.

35 29. A flow tube according to Claim 28, 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.



and 15 mm preferably 9 mm 21. A flow tube according to Caim18, 19 or 20
as dependent on any of Clains 4 to 7 , wherein said elongate body is

bet ween OWdQoswmdef240 tinmes the width of the throat, pretCercaby/detsaeen
0.25 and 0.35 tinmes, and nore preferatly approximtely 0.28 tinmes. 22. A

fl ow tube according to any of Clains 18 to 21, wherein said el ongate body
i's betwgen 0O, ferably approxurately 1 mm 23. Aflow
t ube a\é@ordl n'g“?@]’%ﬁrgﬂ I%!eyr%l(rgrggrﬁ)scp%ng clainms, wherein the inlet/outlet of
t he meter congank &ugererating$treriediapregsupmiiugiuiaian whese fregHenouvarias inl dspendebe

accor d'dr‘lghéﬂb\/\gat%'otﬂlt%athrd/&?ﬁﬂ%'rﬁbtérh\ﬁhérah ehid RRES doARREs: to said substantially
paral l el section. 2 | ow t ube accordi ng to Claim23 or 24 as dependent
on Caim4 or 5 24ifHPein the | ength of said substantially parallel section
is Between 2.0 anadspﬂtt&pbstrmﬂ the width of the throat, preferably between
2.1 and 2.4 tines, an re referably approxi mately 2.22 tinmes. 26. A flow
t ube accordi ng tiwtfggg?ﬁ%g han ?1 ‘or 25, wherein said parallel section is

bet ween 6 nma throdt rSitionedi upstreangftdm thprdé‘bmradmhy approximately 8 nm 27. A flow
t ube accordipg e

t he tapered %n%ft”ggar a}g?(%f’ p%e@‘ﬂ%n% Pgst%fa fep%dgp%g% 'B%Ff%rraﬁ e?%é‘geg? ing to
any of keridpwgr@nd Biezipwagrege sem aehe Srdlﬁermyt of Claims 4 to 7 , wherein the

m mjgmum cr oss-sectional area of the outlet port m nus the cross-sectional
area of_the splitter post is greater than tw ce the cross-sectional area of
the thridat. 28w Kb EERtNbhE %{%E‘o@df'ﬂa 9{089%? APt 2%NIiRA &PEi the SREenRast e

Cr 0SSs- IrRchdorbidhe aled/autet oftthemetdt.| et port m nus the cross-sectional area of
the splitter post is greater than 2.01 tines the cross-sectional area of
the throat, preferably greater than 2.05 tines.30. A flow tube for a flow
met er, 3onprA #dwmtybe meconding tor Clgien et 31nyhereiperidodingatprheds extends|bgtytegatliSon
whoge TdBe ks Y Wit bNrASRRAOEAEGGP thliEef [2oMhd §ttﬁ'r|e9f afd Hiof: E)r]afe the
nmeter, wherein said neans conprises: fuser; itter pos t wo

f eedba RPN 35 tges hr oat posi ti oned upstreamfrom the diffuser; and an
el ongat e body, positioned downstream of the splitter post, arranged to
reduce 3t3.he baﬁé(vs Itu \éva%go? r%j tot Qney o] OCVI\Q%E, %Saéq grn wher[emesa?cp élgrggtateerbo%ese'g(t'ends

between 5 mm and 15 mm, preferably 9 mm.

20
34. A flow tube according to any of Claims 30 to 34, 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.
25 35. 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
30 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.
35 36. A flow tube according to Claim 35, wherein 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.



31. Aflow tube according to Caim 30, said el ongate body extending from
the splitter post into the neck of the inlet/outlet of the neter. 32. A

fl ow t ubeweconvodpsrg to C aim 30 or 31, wherein said el orgaiGB2b@dys1 Bt ends
between 1.5 and 3.5 tines the width af2 the throat, preferably between 2 and
3 tinmes, and nore preferably approximately 2.5 tines. 33. A flow tube
accordidg to I 30,.. 3.1 O I [ |on. 0

ext endsﬁbet &@W?%%%%)ﬁ%ﬁ@g) %I%llm %Sr ef éeGr’ %Frﬁwgﬁ%rﬁ{]"ﬁ@gﬁ Cﬂosg Isgé/?\'/gr?%%ree%e{gghoer di ng
to any_lefletG;IOetim9$met®884$ctimmﬁéﬁeﬁarpf§fai eplig¢roneglale @rdsésd yhans2. Gletimeseie Gr26 and
0. 40 tidgBnhiodVirHictn@h, bRrdoly Pder 1R @tRRy _between 0.25 and 0.35 ti nes,
and nore preferably approximately 0.28 tines. 35. A flow tube for a flow
nmeter, conprising: means for generating a periodic pressure fluctuation
whose feaeHeaor hettiidoRgyi N dependence on the flow rate of fluid through the
nmet er, erei n sai ans. ¢ ises. a diffuser; splitter post; and two
Feedbach chahiefes P FETH R triich alse e s s EmelEie bl ar oa
of an out | etdefpomining s/hetheradaelr odthid pulbdiie velidossiesect i onal area of the throat.
36. A flow tdétéﬂpﬁﬁﬁgﬂ{eq‘fowgaté% o%tpﬁhdéh@on é’!&ﬁ(&ld%ug):[]l?plﬁge,m mum cr oss-sect i onal

area of the outlet port mnus the cross-sectional area of the splitter post
is greater tdgamipip ghe flowdate inpdeperdenes @mesch dvalig ayiput pidses ibat . 37. A fl ow

t ubg accor di @@binfg WeFoM rdes Qbterdfhed WNEIRhdENES 1 DAIRERY GivaRkPouBREphiRal ar ea
of the outlet port mnus the cross-sectional area of the splitter post is

greater than 2.01 tines the crosssectional area of the throat, preferably
gr eat er3ot ham RAetBdd hdcorihg tE0Me 83 fuahertbinp@aiat ogy 38. A net hod of determ ning

the flow ratg, through uj se out put flow neter onprising: determ ning
whet her - cacriastBY et SR Rthatt el Mo Pl AR BRSSO FRRLY ¢

dependentret pisegizand val i d out put pul se; determining the flowrate in

depgndence vl J ; relpoIgY t i
Serenience Syl AL N TR e B S8,
met hod PREXMi ng to C aim 38 further conprising:

40. A method of determining the flow rate through a pulse output flow meter, comprising:
determining whether each output pulse is valid or not;
20 determining the flow rate in dependence on each valid output pulse;
determining a statistical parameter (for example an average) in dependence on a plurality of
output pulses;
determining the flow rate in dependence on each invalid output pulse, utilising the statistical
parameter; and
25 combining the flow rates determined in dependence on the valid and invalid output pulses to

determine the total flow rate.

41. A method according to Claim 39 or 40, wherein the flow rate is determined in dependence on
pulse separation period.
30

42. A method according to Claim 41, the flow rate is determined via a look-up table.

43. A method according to any of Claims 39 to 42, wherein 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
35 utilising the current pulse separation period normalised by the statistical parameter to correct the flow

rate found in the look-up table.

44, A method according to any of Claims 39 to 43, wherein the statistical parameter is the



determning a statistical paranmeter (for exanple an average) in dependence
on a plurality of output pulses; and determning the flowrate in
dependencwoanioaaeivzi nval i d out put pul se, utilising the srtaigebewshiso
paranmeter. 40. A nethod of determnimg the flow rate through a pul se out put
flow nmeter, conprising: determ ning whether each output pulse is valid or
not; d on each valid output pulse;
determ%r]lel%[lggpprmsgg alpag'f)%grrgdﬁg{hg go?gmgﬁe@anpl e an average) in dependence
on a plurality of output pulses; determning the flowrate in dependence on
each i msal i gy REiHBYBcR MRS dlﬁnln|4'45\lvﬁ@elﬁ R stfidaPpdraRdiePNEIRTRIRIof aPRfhlity
combining the flow rates determ ned in dependence on the valid and invalid
out put Oﬁmeg'é%p‘ﬂ'ﬁﬁ?féﬁ@l?“?ﬁﬁ?élo‘ﬂ%e total flowrate. 41. A nethod according to
G aism 39 or 40, wherein the flow rate is determ ned in dependence on pul se
separat on per| d, 42. nmet hod. a rate i
dotor mdied Vh e85 aSRIUD P aY 8 OR5E SR BT HbEoRe B TaHE PSRy BPCaTs 30
to 42, Meﬁmamtbheeﬁddwhe@ttmhtyaﬁeuipm_irpuisea/al id pulses is determ ned by
utilising the statistical paraneter in the |ook-up table to determne a
flowrate, and utilising the current pul se separation period nornalised by
t he st &’ st iAapthpdpessingrio eay efdriging 85 tare, herginrthag datistieah darpmetehie theoBrdeup

t abjlpe. ffse sébdiBioh BEHRGE P Plurdlityl P odPitt paked @i M8 39 to 43, wherein the
statistical paraneter is thenedian pul se separation period of the plurality
of output pulses. 45. A nethod according to C aim44, wherein the

st ati st4scal Aaketmoeiaetordisg tohghynee @MmidE 39 tghBINeHekdiry pneferamdmarre tp@H sSer se@ajr ation
S o strdroBaTer PEAE i ARl S PP TR i sl Rl s 1y
of out patanmtdrses. 47. A nmethod according to any of Clainms 35 to 42 wherein
thegstatistical paraneter is the m)de pul se separation period of the

pl urallty of output pulses. 48. A nethod according to any of Clainms 39 to
43, whetei n fpiethes agsridingde an ef4rpings 89 togts, whgiein @r%ﬁ?tﬁfm'@%w'ﬂﬁ%ﬁﬁ eaP or

15, nor(ﬁtdgf@f@r.ﬁmhy oPnot cOHpREES are utilised in determning the statistical
par anet er. et hod according .to any ? CI?im? 39 to 48, wherein the
d of a plurality of o

step of det &SFﬁ"H'i”wa tREBIHNSHISg SasTation per dtput pulses; and

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

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

50. A method according to Claim 49, wherein preferably more than 3 or 6, and preferably less
than 12 or 15, more preferably 9, pulses are utilised in determining said mean.

25
51. A method according to Claim 45 or 46, wherein said range is between -20% and + 20%, -
15% and +15%, or -12.5% and 12.5% of the mean pulse duration.

52. Apparatus for determining the flow rate through a pulse output flow meter, comprising:
30 means for determining whether each output pulse is valid or not;
means for determining the flow rate in dependence on each valid output pulse;
means for determining a statistical parameter in dependence on a plurality of output pulses;
means for determining the flow rate in dependence on each invalid output pulse, utilising the
statistical parameter; and
35 means for combining the flow rates determined in dependence on the valid and invalid

output pulses to determine the total flow rate.

53. Apparatus according to Claim 52, wherein the flow rate is determined in dependence on



output pulse is valid or not conprises: determ ning the nean pul se
separation period of a plurality of output pulses; and determ ni ng whet her
t he currewd 2pules7geparati on period is within a predet epoirrestosasgsoabout

t he nean pul se duration; wherein sai d4pul se is determned as valid if it is
Wi thin said predeterm ned range. 50. A nethod according to C aim 49,

wher ei r re than 3 or 6 , and preferably less than 12 or 15,
nor e pre é?% ra‘iBé}éeJBgul ses are utilised in determning said nmean. 51. A
met hod according to C aim45 or 46, wherein said range is between -20% and
+ 20% 54 15%RBG 1% hedbrdify to Tledm 3%0@ebirl e RO Rite & RBteATAY Wbk £BK-UYfll ON. 52.
Apparatus for determning the flow rate through a pul se out put flow neter,
conprising: neans for determ ning whether each output pulse is valid or

not 5 MesaNs fAppades@tcordingtg Cldie 5i | vawrdiathe flow r@kemediermmeawarpuea@ib duta}ni.iﬂbdout put

pul se; 1s for termnln atisti ar amet er pen

Pl urai 19y e e st e e o by bl B S oy 7 R Gl o
dependemrrmt@nlseamratlnwadanod rotalisdd mLths etatigtital lpesinepr tcherrsttaie fkiw @gd found

par amst"(?[he 'Cg’lﬂ gghq@s for conbining the flow rates determ ned i n dependence
on the valid ah nval i d output pulses to determine the total flow rate.

53. Apparatus according to Claimb52, wherein the flowrate is determned in

dep@ndefpce QUiRHRE &6&%@% (éﬁy laecna% 5240 5APRREEH Use a@fdiEipaghnte®rG @lem 53,
wherein the flowrate is ned via a | ook-up table. 5 Appar at us

accor di AUt seraraiign pW?QPéfhﬁ p{“F?é'tyquBW‘r‘té’t‘lée%ased on invalid pul ses is

determ ned by utilising the statistical paraneter |n t he Iook up table to

determ eaflowrate and uti sing h rre separ eriod
nor mal 10sa. PRSPl | PR Bp LS SMEGFTLe e PRERRRLETY AR T

t he Iocdtatptmratlla/mfmedlaﬁpulmmaratlmpeag@or ding to any of dains 52 to 55,
whepei n the statistical pararreter is the nedian pul se separation period of

the plurality of output pul ses. Appar at us accordlgq? to any of Clains 52
to 55, her éiPRareiie ageosdingstoiapy pf Gﬂﬁ'ﬁ‘é%t“é% mdereghegialipti p%{aﬁpiﬁf'éltheﬂve%‘f

medi an dmg;le%@pa'mi_aabaﬁddq,mhg@_mrémg,sofo{,ﬁgut pfigpar at us accor ding to any of d _al ns
52 to 55, wherein the statistical paraneter is the nean pul se separation

period of the plurality of output pulses. 59. Apparatus according to any of
c ai s g2 t Aphbratuataecordity toleay st Gbinsto2 tabs, pae@mehe statisticdl haranm@eis phd vede

Se%r at sggarét%ﬁi pgrgod o?%e%'lu%llg) of E)titﬂfpuggt put pul ses.

60. Apparatus according to any of Claims 52 to 59, wherein preferably more than 3 or 6, and
preferably less than 12 or 15, more preferably 9, pulses are utilised in determining the statistical
parameter.
25
61. Apparatus according to any of Claims 52 to 60, wherein 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
30 about the mean pulse duration;

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

62. Apparatus according to Claim 61, wherein preferably more than 3 or 6, and preferably less
than 12 or 15, more preferably 9, pulses are utilised in determining said mean.

35
63. Apparatus according to Claim 61 or 62, wherein said range is between -20% and + 20%, -
15% and +15%, or -12.5% and 12.5% of the mean pulse duration.



60. Apparatus according to any of Cains 52 to 59, wherein preferably nore
than 3 or 6 , and preferably less than 12 or 15, nore preferably 9 , pul ses
are utiliwedoiom2giermi ning the statistical paraneter. @&tT/GRp&NGL188
according to any of Clains 52 to 60, 2sherein the neans for determning

whet her each output pulse is valid or not: determ nes the nean pul se

separ atl’-‘l&”dﬂ@ét‘oﬂ%e?gctlgnpl urality of output pulses; and determ nes whet her
the current pulse separation period is within a predeterm ned range about
the medd pul/senathedaeh deiectinbheifiowsdiregtigpuinse pulsedevtevtnbiriirdctigralvisgw dheldr, it is
wi thi n gabasiRy: edet er m ned range 62 Appar atus according to C aim®6l,

wher ei n preferably nore than and preferably less than 12 or 15,
nore pref er &9PYsieg ap'b@l'%@%"”é?”ép‘ﬂ]ququ & figt ?erﬁ‘s'a%tj@’r‘crﬁ ning said mean. 63.

Appar at us a%@l@/ﬂhg’l@pmwlt@loﬁcbdﬂﬁtﬁpdlséérofﬁgecomgé’rﬁlngdSMéﬂaﬁcange is between -20%
and + 20% -(W’LS% anﬂ] +|%50/ g.r drz? nd 12. g% of the mean pul se

dur at i on. FI SR PEE fMed Wé@a(?c 129 | p%’foencﬁ WP 8PN EEY ecting the flow
direction in a pulse output bi-directional flow nmeter, conprising:

anal ysi 9 a APJtnLJFh&ﬁ bdobref tQBFaPTlr';M RiHRRES |S|ﬁ%éét£r§rﬁ d@%&@gmggw Gu1sB08 YSi ng
a plura |ty of out put pdlses o secon sing devi ce; determ ni ng

t he f| G@chisaneertderipe arg valilsmaence on said two anal yses. 65. A nethod
accrding to Caimé64, further conprising det er m' ni ng whet her the out put

pul ses of each sensor device are valid or no t hod according to
dai m 65; weP&inAd aceiing i Flair Sarethsrsi § t}eR/\Pfé’FF‘?é'P'”'f‘%’h‘Efﬂ?rﬁm OlfiiHt Qlé'ée

each sefsah semstr G&viclate VAl iotindcompises.onpr i ses: determ n| ng t he average (for
AP e TS RERA BRSOG4 Y g =
pr edet equisesi@dd r ange about the aver age pul se dur at| on; V\/ner ein said pulse is
detigr m ned \aaldrflininh fot? it dufoht ARleCh bR BL2k rl?%tﬁlﬁrkgﬁredégnmrédr@ﬂg{k
according to C ai m 64, rth conprising: incrementing a tirst
regi st é}bOUté@%"{‘)’@fa@?@H's%\ﬂ‘{fﬁ'oa f| rst di rectl on of flow, if a pulse fromthe

first sensoryHden @ putseVdddidimirdBda@dact s WRnh kg pRJseeHd raR@l st er,
associated with a second direction of flow and

67. A method according to Claim 64, 65 or 67, further comprising:

20 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, 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;

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

68. A method according to Claim 67, wherein each register is incremented only until a threshold

value is attained.

30 69. A method according to Claim 68, wherein said threshold is preferably more than 3 or 6, and

preferably less than 12 or 15, more preferably 9.

70. A method according to Claim 67, 68 or 69, wherein the decrement is proportional to the
increment.

35
71. A method according to Claim 70, wherein the decrement is greater than, preferably greater

than twice, or four or ten times, the increment.



increnenting the second register if a pulse fromthe second sensor device
is valid, and decrenenting the first register; wherein the direction of
flow is debenm/nesizby the register with the |arger countcT@®B200/05eishod
according to Caim67, wherein each r®gister is incremented only until a
threshold value is attained. 69. A nethod according to Cl aim 68, wherein
sai d thyeshg r r . Jan 12
or 15, oy o ek BERREY by W Cabiddd 8 A e ERBRELERRY ir B3tk LS

wher ei antehQOtdeteuteﬁ@Qttctftdstfmmbleﬁpimﬁal to the increnment. 71. A nethod
according to Caim70, wherein the decrenent is greater than preferably
greater than twice, or four or ten tines, the increnent.72. A nethod
accordi’fg td* H}‘?ﬁhoﬁfacﬁﬁr%ﬂ‘gtéo Spal 827‘Iher?'UrS?'Hé?e”%ﬁwm%|'Snﬂ)ep€F%e§F PH ¢ enitise

r egisst efepardiiRiperidd Edr@Hd odtsut dat estt@ed.f or a period of time. 73. A nethod
according to Claim72, wherein said period of tinme is dependent on the

pul se separation period before no output was detected. 74. A nethod
accordifg t oA Getabdradt2rdony t3 B laimiToer$ véaieth sp@r peaidd off tintd i mugtipge ofulhe pyidee  of

t he pul It I pI e
e by L e e S G DA S A
pr ef er ats#fgragly lesythan Aspraae (rord Bipfetélydet i ng the flow direction in a puI se
outqput bi -directi onaI flow nmeter, conprising: means for analysing a
plurality of out ul ses of a first sensing devi ce; neans for analga ng a
pl ural iy of APHEE tfO (FPEEEIoine flowe EEiTHOs dh&i ﬁseth}‘PtE‘eb' YRR fMsfer

det er mdampesiidrie fl ow direction in dependence on said two anal yses. 76.

Appar at us accor di sin ans for determning
whet her the BULD HE"trg” ¥S'”8ap"tra'£y Of"“}é“trP“%es @%ﬁﬂﬁtée’ét"g’ FfPa or not. 77

Appar at us adneﬁndfqngnalxslrﬁiaaﬂml?&fiofOmmglrnyisns nfeasesorfdensled éavicerandg whet her t he
outut pul Sa5el PBEBmTSRPRE AR YhdsForth Bedklibite Oh sAEtwo dElhs nes t he
average pul se separation period a plurality ofS out put “pul ses; and

det erm nes whet her the current puI se separation period is within a

predet epim ned)pé@n@eaca&@n@ té i Ve merpwn&&isielglrnaéaherfdr wRehRing arRkHdr e se i's
det er m ned vel i d i f is,Wthin edeterm ned range. 78. Apparatus

X
accor di¥BUt Ry %0'786”39@6&06‘7'7”@ ?WQF conpri si ng:

20 77. Apparatus according to Claim 76, wherein 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 pulse duration;

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

78. Apparatus according to Claim 75, 76 or 77 further comprising:
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, associated with a second
30 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 larger count.

35 79 Apparatus according to Claim 78, wherein each register is incremented only until a threshold

value is attained.

80. Apparatus according to Claim 79, wherein said threshold is preferably more than 3 or 6, and



means for increnenting a first register, associated with a first direction
of flow, if a pulse fromthe first sensor device is valid, and decrenenting
a second wegoat®pi72associ ated with a second direction ofcrlgBmosstisoeans
for increnmenting the second register 37f a pul se fromthe second sensor
device is valid, and decrementing the first register; wherein the direction
of flo 1 r with the larger count. 79. Apparatus
accord:lkgr'?!"gﬂ§Ir Q?E@gfﬁ%ﬂggopﬁh@% d;'Qg\ch'l'<?i1(§:| %r egister is increnented only until a
threshold value is attained. 80. Apparatus according to Claim?79, wherein
sai d_t hg1esholflaafis RIcESGhG R Elarm'?@ 198N83 Werdih thealRERMHEE MM rtloRS So tkan 12
or 15, nore preferably 9 . 81. Apparatus according to Claim 78, 79 or 80,
wher ei A"¥¢@etecr ement is proportional to the increment. 82. Apparatus
accerding to Caim8l, wherein the decrenment is greater than, pref erably
greater_than tw ce, the incre

Scoor dity ¢t QPRAPEPRATE S8 &7 Bsrei T oo AR O B ar  ng
bot h r dparstiviee sorfdve or taotioes, phetindremetet ect ed for a period of tine. 84.
Apparatus according to C aim83, wherein said period of tinme is dependent
on the pul se separation period before no output was detected. 85. Apparatus
accor di&¥g t d\rerEIUMaBSrERg BAany\h Efal P 7S i &R, HathpoePritising meanssfoy clagringibeihe of

t heopul igst&8RAERhd SpR R defdtcl dr ey fnS@onHepUt was detected, said nmultiple
being preferably nore than 1 or preferably less than 7 or 9 , and nore
preferably 5 . 86. A conputer program product conprising software code
adapt ed4. \/\heampemmewceaduﬁ@ tcacehaﬁ a3pwmﬁe's shidpetippaf frhel s, ddpende@dt borha phe St eps
of any S% ars gt: dBt%efore g J[ utwasdet Goput er program product conpri sing

sof t war epco P&UA V\ﬁerﬁ &X2EUTed on a data processi ng apparatus, to
performthe steps of any of Clainms 64 to 74. 88. A flow tube substantially
as {8e1 alsh dSSELIRRdotdifl LGRS ok, ﬁaq&eénaaraw.,ﬁ'@.s%nﬁy@awa thShuise™

thod of determning t owrate t rou ul se out put flow neter

subst arfepaiptiop r&ﬁo%é?f@rem%w Mg despled ik Byl Being PrefreabAC BBy 1 RS

dr awi ngseferdPly 168s tHah @H9 Gind dRtEstleRglytshe flow direction in a pul se out put
bi -directional flow neter substantially as herein described wth reference

to the acconpanying drawings. 9 1. A bidirectional flow neter incorporating
a fl owdsube racanuthrpgpgiaom argdudicopisingssoftware cd@e a@pted Awherdexeeaéd omaldafd ow

MeLRr AGGAM I WbphBus! BB tnd YdsMFhn R BREHSs AL | east one sensor for

87. A computer program product comprising software code adapted, when executed on a data

processing apparatus, to perform the steps of any of Claims 64 to 74.
25  88. A flow tube substantially as herein described with reference to the accompanying drawings.

89. A method of determining the flow rate through a pulse output flow meter substantially as

herein described with reference to the accompanying drawings.

30 90. 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.
91. A bidirectional flow meter incorporating a flow tube according to any of Claims 1 to 29.

35 92 A bidirectional flow meter according to Claim 91, further comprising at least one sensor for

sensing said fluid pressure fluctuations.

93. A bidirectional flow meter incorporating two flow tubes according to any of Claims 30 to 34



sensing said fluid pressure fluctuations. 93. A bidirectional flow neter

i ncorporating two fl ow tubes according to any of Clains 30 to 34connected
in serieswbebwaeps7an i nl et port and an outlet port. 94. pArhigtvesasiisonal
flow meter incorporating two flow tulms according to any of Clains 35 to 37
connected in series between an inlet port and an outlet port. 95. A

bi i T echhonals of Lok BRLEL JNSAIRALAL LAG,@RRAT alus for detecting the flow
direction in a pulse output bi-directional flow nmeter according to any of
Clainms 75 to 85, further conprising neans for measuring flow rate, said

means hai ng adaihshat ﬁ’oﬁ@%\"fr@or{a{gr@ﬁ%d’ %QIO@VQU%@%S@@@?% DR Clelifs §81oes7m ned

flow direction and a neasure of flowrate in such determ ned direction.

connected in series between an inlet port and an outlet port.

95. A bidirectional flow meter incorporating apparatus for detecting the flow direction in a pulse
output bi-directional flow meter according to any of Claims 75 to 85, 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 rate in such determined direction.



