; €3eCaO'"TF286nTFQ+ ' 166166' MEASUREMENT. SYSTEM 1 1 s ~u~ n002 The :
i nvention rel ates mmmummmmﬂmmre systemand nore ., particularly to a .
system for measuri of fluid to allowflowrate to bF Sgﬁegﬂ%ned
usi ng transducers. One«&ygat em di scl osed in our copendi ng patent g i cati on
(WK 9021441.2) relates to an arrangenent f&r measuring, inter alia, gas
flow of gas b deternlnrn% the time of flight of an ultrasonic signal in
bot h di r ect i MEASHBEMEN sthnd second transducers disposed opposite each
other in a nmeasuring duct and uses this result to conmpute the gas speed and

fromthis the volune of gas consuned. The present arrangenent is concerned
W th inprov gents to sgch systgns to enabl e_even nore _accurate and

repeat abl e r 288l t Y87 bERcht &1 SActc%ra‘r n8e?3u5ﬁ@e§§pe%¥s‘b?mt 1 ré‘?é’r?t
invention th égtiéuﬂﬁgigdﬁg apR %@%tHF rmg%%%grhl ﬁpﬁﬁg %%UT&U|§ tthe

apparatus c rrsrn a0 Nl et

measuring t t t u i C r i sposed in

t he duct toq%f}§%e?%§waggﬁgt?% S%tBé%ﬁ?ggaﬁatquﬁgaggéﬁ%gsgéggf swi t chi ng
means for allow ng each transducer to be used for either transm ssion or
reception of a signal used to nmeasure the speed of the fluid through the
neasuring t ubge aggsteanaikelosedr eat g tbpevaling phtbhe AppldehcIbnTqukn
the equation V = L/2. (T2-T1)/T1.T2 so as to ~ S ~ui. 200Q 2 renove
signal tine gietayserpopr reluteansyoe drihcapeangetynof folte maatrtigf | awter
measurenent of the fluid where Vis the speed or velocity of flow of the
fluid, L is dheadi ghanfkobedhegas tihe detansducers,thE tiimet b€ fildghaf ofl aght
of the signal fromthe first transducer to the second transducer, and T2 is
the time of dltyasopictsegraynih Yot dineddcoml hataesguférstoandeserosd
transducer. According to _another aspect of the present invention, there is
provi ded a mmedrleerﬁedsewﬁgdx REPPEbUE oeachyplherr bugh measuringhduct
nmet hod conpri si ng transnlttrng signal froma first transducer t hrough the
flow path ofaRfeUFPEi §hisr TeStEitptt Dy FRECortd e r3s RRe8d and t ExPRgthhe
transducers to aIIfM/tra smssion to 86 effected by the second transducer

for recei pt e tYRIPME sPLt $3RsHAREN™ et er mi ni ng the speed of f |ow of the
fluid fromthe transducer signal transm ssion tinmes and

The present arrangement is concerned with improvements to such
systems to enable even more accurate and/or repeatable results

to be achieved.

According to one aspect of the present invention there is
provided apparatus for measuring the flow of f£fluid, the
apparatus comprising a duct with an inlet and outlet for the
fluid, a measuring tube within the duct, first and second
transducers disposed in the duct to define an acoustic path
through the measuring tube, switching means for allowing each
transducer to be used for either transmission or reception of
a signal used to measure the speed of the fluid through the
measuring tube and means for correcting the wvalue of the

product T;.T, in the equation V = L/2. (T,-T;)/T,.T, so as to

LT
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correcting the value of the product T1.T2 in the equation V = L/2.
(T2-T1)/T1.T2 so as to renove signal tinme delay errors and ensure the
accuracy of the speed of flow neasurenent of the fluid where V i‘sB EJUE Mpeed
or velocity of flowof the fluid, L is the distance between the
transducers, Tl is the time of flight of the signal fromthe first
transducer to the second transducer, and T2 is the tine of flight of the

si gnal fromffﬁwé%qgﬂ.éf UGN alOetPBrs i difd HANSIUHY actiPabPVERILRD

wi |l now be described by way of exanple with reference to the actConpanyi ng
drawi ngs i n giddiof £3ow HeERSuremehitddEet de SAONEG Avisdtid aPlig PRESEPBeHOSt he
I avention; Figure 2 shows a sectional view of the Figure 1 housing with the

i nternal corpARAIity B UElowi@lirche shevs, theid tiw ehetdere autueamseheer

aspects in nore ~ S ,~u~ zooz 4 detail: Figure 4 shows an expl oded vi ew
of the Fi gurarahsatucmngeeny ;id-itge e fines hofivsf Ttilrhtauxd | tlee ys dgreds ditoem  toinel
tube assenbly in nore detail; Figure 6 shows an alternative auxiliary

transducer ddmfstgumrsrissicer to the second transducer, and T, is the time
of flight of the signal from the second transducer to the

first transducer.

According to another aspect of the present invention, there is
provided a method for measuring the flow of fluid through a
duct, the method comprising transmitting a signal from a first
transducer through the flow path of the fluid for receipt by
a second transducer, switching the transducers to allow
transmission to be effected by the second transducer for
receipt by the first transducer, determining the speed of flow
of the fluid from the transducer signal transmission times and
correcting the value of the product T,.T, in the equation V =
L/2. (T,-T;)/T,.T, so as to remove signal time delay errors
and ensure the accuracy of the speed of flow measurement of
the fluid where V is the speed or velocity of flow of the
fluid, L is the distance between the transducers, T, is the
time of flight of the signal from the first transducer to the
second transducer, and T, is the time of flight of the signal

- from the second transducer to the first transducer.

The invention will now be described by way of example with

reference to the accompanying drawings in which:



Figure 7 shows details of electronic circuitry associated with the flow
measurenent; and Figure 8 shows the control and processing steps associated
wi'th calibration. The exterior arrangenent of Figure 1 suitabl e{f®JUL 2802
present configuration and for the arrangenent disclosed in our copending
application UK 9021441.2 conprises a hoysing 10 incorporating a duct 11
wth fluid flowinlet 13 and outlet 14.7 Above the duct 11 is a second part
12 of the hdUguke 10 sHPWH 3 Rt PP e towsbagt £y EhapiRYeRbicnccessi bl e
via plate 15 and includes a circuit board 16 carrying the el ectronics
conponents for operating the system A display 17 provides visual

i ndi cation of the netering and swjtches 18,19 _provi de displ sel ecti gn,
Wthin the JUEHTEL HahoBA rSort199Rna(EeY SOB6th? (Lawr s yupeusingguith _
' 5 2) which.,are ysed t.o neasure the rate of flowwithin the duct in a
manner desciitfed AHFA e FERFTISHe 'RYOYY act as a netering device, for
exanpl e. The transducers which operate at ultrasonic frequencies, are
incorporated within a flow chanber assenbly 20 within the duct (see al so
Figures 3 a hi S | ¥y d *gﬁgé i 1 S

whi ch are a?ﬁ]g%)é'g ;gobgog%nteggl y}:(li)‘?gcjfj ar s%%of%ﬁffgd%ﬁglrsggggrgﬁgafééngge
carries an inner, generally tubular nenber 40 coaxial wth the chanbers
21,22. Mounted on the outer periphery of support 23 are two Orings 26, 27
(e. g. of rubber) which effect a seal when nmounted within the housing 11.
This results in the chanbers 21 and 22 being isolated fromeach other and
the only passage therebetween being provided via the tube 40. The tube

i ncludes disc-like extensions 41 at each end and the diameter of the bore
of the tube increases adjacent each end in the region 42 to provide

nodi fications to the fluid flow path. The chanbers 21,22 each include a
nunber of circular apertures 47 around their periphery to form passageways
for the fluid entry or exit.



As can be seen fromFigure 3, the fluid passes into the nmeasuring system at
inlet 13 and noves within the housing duct ~ 6 JU; ?~ 6 11 so as to pass
around the outside of the chamber 21 and thence through the apefguWias 28f
into the chanber 21. The fluid then continues through the chanber 21
passi ng over the disc-like extension 41 and through the shaped regi on 42 of
the tube 40. After travelling down the tube 40 the fluid enmerges and passes
over the ex§gepgi®n 41 and passes out through the apertures 47 in chanber

22. External of this chanmber, the fluid passes through the housing and
through the exit 14. The shape of the tube and the passages act as a
I~abyrinth to reduce turbulent flow as well as preventing dust from passing
into the nepbguireg4t shewshanhegpiibdelievpewsefit tha Biduressi argaagempnty,
for exanple. Instead the dust tends to settle in the bottom of the housing
external of the chanber 21. A relatively narrow bore size in tube 40 causes
a speed increase in the fluid to increase the sensitivity of the )
transducer sFE@uG@| p gBopar fhagauxyliaryytHansdpeeri andstups agsempdyyin
transducer 56 with associ ated tube 55 is provided within and extending

t hrough t he¥FanBeFa134 22 and is used for calibration purposes as
described in nore detail below The tube 55 includes porous end sections
55a, 55b to allow very small portions of the fluid to reach the tube
interior (e.,g..a fewccs). Oherw se,. there is ng passage of _fluid between
chanbers Z%Ja‘%briz eivce ?')0\‘7’Fa t A8 ne t:Lﬁri"r?g"']'["'daoe Eb&ﬁ'ﬁ@g?ent?ﬁ?ngaﬂﬁ%ﬁ 23
acts as a §§§*f§§&¥§@poﬁpe tube 55 and the chanbers 21 and 22.

Figure 7 shows details of electronic circuitry associated with

the flow measurement; and

Figure 8 shows the control and processing steps associated

with calibration.

The exterior arrangement of Figure 1 suitable for the present
configuration and for the arrangement disclosed in our
copending application UK 9021441.2 comprises a housing 10
incorporating a duct 11 with fluid flow inlet 13 and outlet
14. Above the duct 11 is a second part 12 of the housing 10
which incorporates a battery compartment accessible via plate
15 and includes a circuit board 16 carrying the electronics
components for operating the system. A display 17 provides
visual indication of the metering and switches 18,19 provide

display selection.

Within the duct 11 are a pair of transducers 36,37 (see Fiqure



"1 6 JUL 2002 7 Extending fromthe chanber 21 is a transducer housing 29
contai ning one of the ultrasonic transducers 37.. The transducer as seen_ .
fromFigure 2 is separated from chanber 21 by partition 45. Thus 1 JWs Mer
37 is located at one end of a chanmber 50 and the partition 45 is at the
other end of chanber 50. The chanber isslined with acoustic material 43 to
avoi d unwanted refl ections at ultrasonic frequencies. The partition

i ncl udes a ci PéuiBichpaFeub&edetpnmpagurgi thet raterafstileewithin (the duct
ultrasonic signals to pass égrou h to.,the tube 40. The aperture will be
covered with gue BINPSEe ﬁ?ﬁg’?é 1P PF By 98t e Lol eEOS@GH t ASod v
a smal | aperturg allo only generall arall el waves to pass therethrough
rat her than am8|$£%88ﬁ693é§§v RE F&@ﬁPQSH of the transducer 37 at the far
end of the chanber 50 assists with this action and reduces the risk of dust
contam nation of the transducer. The chanber partition also isolates the
chanber from i [ a i O\pl I

t ransducer 36&§§t%£ﬁ2§§?%SQ§86325H1hgggﬁgkb%g?gggﬁafﬁn?he%ggggf&?éﬁs45?rfhe
aperture 46 Ifnaga{;araeealdeéhim $low BRAGIRA ¥s88nBRG 24 MANTHAYE @he3Budt
will alternate as transmtter and receiver. The transducers 36,37 are
connected to [£€echBEd IPHyaresr guahqbgprd via wires 32,33 and the

el ectrical connector 48. The auxiliary transducer 56 is connected via wire
57 to the ~ 6 JIIL 2~2 s connector 48. The power source for the systemis
provi ded by battery 35. The transducer 56 together with the associ ated tube
55 i s shown iThiwrasgenhly iimclugiese tio el mdeiadl tdieanbees | 31 y22 ywhkieh!
(e.g. 5mm conpared to the bore of the neasuring tube and the porous end
sections 55a,85 affivedy teufd jeertral ocirtndany suppbrhogsi.on Tie f suppotd
pass into the tube. Thus any f]ow through tube 55 is negl;@ bl e, especially
when conpar ed}#2 hCRRELEF oWt hIRpRKY t BeN@Ead LY fybudps membegwdrceaxial s
sufficient for, the tub %ﬁﬁto contain an accurate sanple of the fluid

f1 owi ng vvithi"ﬁltt}het%élﬁ BT ubkr 29 The wire 57 provides the means for
recei ving and passing back a signal fromthe systemcontrol. The auxiliary
transducer 56 is arranged to transmt a signal down the tube 55 to the end
reflector sunfagh | St ' sLgn ' refl.ect back

t he di stance r{x rra%ﬁncgﬁa&%%tﬁ@% g%%%@%% 2{3% %‘11’?%‘3%% ﬁ.a% s‘?‘ryﬁ Ietgﬁnngs

process Util i, i qedguble kabLEE)I PRibR EAEELEE Ua1PondRSHEERES RAIEHL AN
inthis case the total” distance 1S 4Lx al together.
the housing 11. This results in the chambers 21 and 22 being
isolated from each other and the only passage therebetween
being provided via the tube 40. The tube includes disc-like
extensions 41 at each end and the diameter of the bore of the

tube increases adjacent each end in the region 42 to provide

modifications to the fluid flow path.

The chambers 21,22 each include a number of circular apertures
47 around their periphery to form passageways for the fluid

entry or exit.

As can be seen from Figure 3, the fluid passes into the

measuring system at inlet 13 and moves within the housing duct



The fiat transducer face 56a is enployed in that operation. The purpose of
the auxiliary transducer and tube is to provide a calibration nechani smfor
the system for reasons described below. In an alternative arran qﬁﬂ;zﬁﬁown
in Figure 6, the third ~ s ~uL ~ 9 transducer 56 is provided Wt e
chanber 22. The support 23 in this enbgodinent is part of the noul ding and

I ncl udes portion 23a having a concave Tace which acts as a reflector for

Lransducer ko 9ceE RO PFEF P ArBhphanb NS B1°ERE ARG CARes

transducer ctsS as ef| ector as t he

i tself. The gqat eofcnws%ﬁi el sap;gérzgt%gééiéedi cﬂntﬂgef:ﬁé‘ﬁiaieg; 2§mbodipgent .

The provision of the support as t he nou ng al lows t refl ector

to be integraldin fHdBhor CIMYES ¢hEodfPd O’ chhnbEs #{0pa&6ihgSol e eRace
taken up by the support to allow sufficient roomfor the transducer 56 and

associ at ed paldts- 1 ikdatusiatednaléhbhghnthbesdpydddegddn 1Ri 6f the

elimnates even slight passage of fluid between chanbers 21 and 22 (other
than via theure rd. raftert travel ltihg dewauthegtubeelio the flaiddemwergesd
signal paths are thus quite separate fromthe neasurenent transducers and
measur enent andbeaksamdedr nthat estensborodd singhglassedgbtaudn tHrdugh dthe

w thin chanber 22 does not affect this neasurenent because the reflective
path has a e@esdnaes i1 hinnghaghensi22any Exbersal caficg4hdst [dhamhar, Tthe
speed of fluid through chanber 22 will be slower in any event to that speed
t hr ough thef#yégupp§§e§usgr@ggh the housing and through the exit 14. The

shape of the tube and the passages act as a labyrinth to
reduce turbulent flow as well as preventing dust from passing
into the measuring tube which could be present in a domestic
gas supply, for example. Instead the dust tends to settle in

the bottom of the housing external of the chamber 21.

A relatively narrow bore size in tube 40 causes a speed
increase in the fluid to increase the sensitivity of the

transducers as well as purging any stray dust particles.

An auxiliary transducer 56 with associated tube 55 is provided
within and extending through the chambers 21,22 and is used
for calibration purposes as described in more detail below.
The tube 55 includes porous end sections 55a,55b to allow very
small portions of the fluid to reach the tube interior (e.g.
a few ccs). Otherwise, there is no passage of fluid between
chambers 21 and 22 except via the measuring tube 40. The
central support 23 acts as a seal between the tube 55 and the

chambers 21 and 22.



In this second enbodi nent the distance Lx will be the distance - 16
JUL 2~2 to fromtransducer 56 to the face 54 (via reflector 23a). The 2Lx-
distance wi |l be that travelled by the signal back on this route gf iR 2002
reflection at the transducer 56 ie the signal having undergone a S|ngle
reflection. The 4Lx di stance mﬁll be that travelled by the signal having

under gone a oubI reflectlo y .fransdqucer callbratlon or
correction dg |§ 5?bv SWEFﬁé ?%II&VA%Q T RRuSLngci2®y v

?T mggsf ];lr O\ché(;cgm%aPlr YO c 5| gn ur‘fﬂ?gasltsa%n A@%P Lfcgﬁls(il at edaI?rggm ) h%ll?e
cach F 1901 1 SRREE141) ddrl - AP IR TP IRl Yerr ginla/m%)er 2012

- T/ (T2 * T2) ........ wher e th In ea Irectio
Tl and T2. Hy Yarditidie 4l uemu tEJar@aféxcE’r ¥ 58 fi%%%'t%%hta*&%%e%hhop?

additional ti'ne delays due to electronic circuit delays e lnertra

transducers sanghafibét MBde Pdpagat i taffiRn S46n ikheateaRE! YRRy taiRe. Ihe

inertia of the transducers is the major delay error (typically 80% of the

error). The chambekl 59ubt Thet chamber| i€ll inediw til hddirdd ¢ matetrial #hi go

part of the equation as the delays will be constant in both directions.
avoid unwanted reflections at ultrasonic frequencies.

The partition includes a circular aperture 46 in line with the
transducer to allow ultrasonic signals to pass through to the
tube 40. The apertgre will be covered with gauze 51 (see

Figure 4).

The provision of chamber 50 with only a small aperture allows
only generally parallel waves to pass therethrough rather than
a divergent beam. The location of the transducer 37 at the
far end of the chamber 50 assists with this action and reduces
the risk of dust contamination of the transducer. The chamber

partition also isolates the chamber from the fluid path.

A similar arrangement is provided for transducer 36 with
housing 28 and the chamber 53 with the partition 45. The
aperture 46 1is again provided. This is necessary as each

transducer 36,37 will alternate as transmitter and receiver.

The transducers 36,37 are connected to the electronic circuit
board via wires 32,33 and the electrical connector 48. The

auxiliary transducer 56 is connected via wire 57 to the



1 6°JUL 2002 . 11 The product Tl * T2 is not so easily dealt with. It is
true that where the neasuring tube is sufficiently long, the errors due t.o
t he above del ays are so small as to be ignored. However for nnr@ c ?@h
designs, this error becones nore pronounced. |If accuracy to a f ﬁ/'ﬁ‘@? t
Is tolerable, then even with conpact designs a fixed correction factor can
be introduced into the conputation to r dduce any error. However for

di fferent 9asgsnaBehsf ofs EXIRNCIGLWSE iQUHrd #52° dlle Systd s E:t(dvsidlé%t ;S;
to enploy the present calibration nechani sm which I n¢reases accuracy. I
and Tg2 are phec@gy usd, neasured transmt times including the error effects
described. That T1 * T2 = (Tgl - Tsl - Tcl) * (Tg2 - Ts2 - Tc2) .... (2) is
unhel pful if the values of Ts (system and transducer delay) and Tc (channel
or nmulti node propagation delay) are unable to be actually neasured

I Adi vi dual | yThédoweapsdbgerni®Oytogethercaliithr athenassepsatiedngubee 55 is
auxiliary transducer it is possible to determ ne the value of T1 * T2

because T1 *shiownsimpmew . detqid =in FiZpure . 5,......... (3) where Cis the
termrelating to the speed of sound nmeasurenent for a given fluid, and Vis
small in relation to Cas is the case in practice and T is the value of T~

(or T2) when Vis zero ie when V=~ T~ =T2 = T. 16 JUL 20!!'2 is The
speed of solilte e 2Lithratube dswerymsraldi &nIby Sem) ceppared to the
(4) T where Dist di stance.traye] | ed by .t he signal gnd T is the tinme for
whi ch the si { aggpsmeasurmg tube and the porous end sections 55a,55b
are only sufficient to allow a small portion of fluid to pass
into the tube. Thus any flow through tube 55 is negligible,
especially when compared with the flow through the measuring
tube 40. However this is sufficient for the tube 55 to
contain an accurate sample of the fluid flowing within the

measuring tube 40. The wire 57 provides the means for

receiving and passing back a signal from the system control.

The auxiliary transducer 56 is arranged to transmit a signal
down the tube 55 to the end reflector surface 54 (a distance
Lx) which signal is then reflected back the distance Lx making
a total distance of 2Lx altogether. A similar process
utilising a double reflection is carried out as described
below and in this case the total distance is 4Lx altogether.
The flat transducer face 56a is employed in that operation.
The purpose of the auxiliary transducer and tube is to provide
a calibration mechanism for the system for reasons described

below.

In an alternative arrangement shown in Figure 6, the third



In the case of the single and double reflection exanples above with respect
to the'third transducer the real tine to travel the distance 2Lx in the
case of the single reflection is TP(2Lx), whereas in the case of Balllo @R e
reflection, the real tine to travel the distance 4Lz is TP(4Lx) where 'real
tkme' is the actual tine the signal spe®ds in the fluid. TP(2Lx) - Tx~ -
TSX oo (5) _TP(4ALX) - Txz - TSX ... (6) where Tx~
i s the measuFEANERUAETt 5Fi 48 PEOYLE9E| WikkiRi Shanchanber 329 |The |HAPPARt t o
travel the distance 4Lx and Tsx is the transducer system,tine delay _error
for this trafhdddBeNif cFRRIFHrERE IFPREt (f ( HReTRouldingsang, incd
the main transducers, .Tsx can be elimnated by subtracting Tx2 fr Tx~ as
previ ousl y d%%f#fBEdZPSrﬁfﬁénﬁmﬂ1??Qﬁﬂ%ﬁwg?ggaﬂgthugcﬁ§iﬁﬁ éqﬁggﬁéﬁﬁﬂﬁ
we have C =.4LlX .o 2LX.. ey - B - - - ~e Al X = ~ 2 13 -
2 Lx Tz - TGt ené bransuucer sg - x pdAelEh s og, 58 Hansdieer
does the face of the transducer 56 itself. The paths of the

signals are utilised as in the earlier embodiment.

The provision of the support as part of the moulding allows
the reflector to be integrally formed, removes the need for O-
rings and reduces thg space taken up by the support to allow
sufficient room for the transducer 56 and associated paths to
be accommodated all within the chamber 22. This eliminates
even slight passage of fluid between chambers 21 and 22 (other

than via the normal route through the measuring tube).

The transducer and signal paths are thus quite separate from
the measurement transducers and measurement tube 40 and

eliminates erroneous signals.
Motion of fluid within chamber 22 does not affect this
measurement because the reflective path has a component with

and against any flow so cancels this out.

The speed of fluid through chamber 22 will be slower in any

event to that speed through the measuring tube 40.

In this second embodiment the distance Ix will be the distance



we shall return to equation (9) shortly. By enploying the third transducer
with its own neasurenent -chanber or paths and by sending a signal in a
control'l ed manner thereto, it is possible to elimnate the val def JULTIZ2
because we have determined in equation (9) that CZ = (2Lx/[Tx2 - Txl])Z and
hence substituting equation (9) in equation (3) to elimnate C we have T1 *
T2 = [Tx2 - Txl)Z * LZ/4Lx2 ..........10.... (10) where Tx2 is the tine
taken for thersnotBhnéaqsethsecadyi thar yabeasgdyoes Berlecpagszba)the end
reflector 54 and back to the transducer and reflect thereon back to the
reflector 54 and back to the transducer 56 (i.e. a distance 4Lx). A
dirstance of travel for the signal to pass once to the reflector 54 and back
(i.e. a distanee2 digtamce twicl X ibwe thaltucrbvellled byt thedisitgmade batkt ba
path in the main transducer neasurenent chanber 40 of Figure 3. If we now
i nsert equatthis (H@)te mirexyrefilection at the tramsducer 56 *ieTthendignal
therefore the associated systemand ~ s ~u~, ~ 14 transducer delays_ and
thus we obt apaving undgrgons a gingle yeblectiqpy .Thg 4Ly distapce will
................. &1%? and fipally V= 2STZ - T~ | x2 L. (Tx2 - Txl) Z
............ be that travehleg,byathgr £IWRLyRIEHNT s URALKISRE 1 Ravklei ne
w ndows to recgjve the various reflected signals and the resultant
cal cul ati on TFEEHFERAIDN (10) can be directly substituted for T1 * T2, in
the equation (1) so elimnating the systemerrors. By updating the
calculation at regular intervals, the speed of sound values for any given
fluid passingd augh dhe exalacan ba AGCATERA L oot Lol Sndbh bl JRY
oblens. A inany o

change their constituents w not cause pr so dri
is provided for the following reasons.

{
The velocity V of gas flowing in the main measurement tube may
be calculated from the times for the ultrasonic signals to
pass therethrough (a distance L) in each direction, according
to the velocity formula

Velocity V = (L/2) * (T2 - T1)/(T1 * T2) ........ (1)

where the time of flight in each direction is T1 and T2.

Errors in the values of Tl and T2 arise because there will be
additional time delays due to electronic circuit delays, the
inertia of the transducers and multimode propagation effects
in the measurement tube. The inertia of the transducers is

the major delay error (typically 80% of the error).

The T2 -~ T1 subtraction will eliminate all these errors in
this part of the equation as the delays will be constant in

both directions.



the delay factors over long periods of tine (e. g. years) wll also be
accommodat ed. Using the above arrangenent, accuracy to within 0.5% has been
achi eved. The operation of the systemis shown in Figure 7. |4¢ 3l 2002 .
simplified diagram the transducers are shown spaced by the distance L. The
auxiliary (calibration) transducer 56 igp shown spaced fromthe reflective

d Il 54 h i L To d b h i f i
ond vell 5% e LSodlSt RECe 10,50 BV RIS RSN R 08 B Brve
16 JU ~ 15 t i i l. b d af this,h d th h
T S T AT A A AU
i | viat b k t tybi gal l .
o el v s PREEKD Uil BegsfReorLeonld obpRi (P 6 e Rignorea.

depend on t%&ﬂ@é@“%rL_r@&C&ItESmBQE%d &ési&%paégié\ RRRee M gﬁi—&er

can be provided on the signal to hore accurately detect the time of I ght
of the ultrasdHdsuriddadal PErsécudleyt tanadyesr pepeeati 98 t61&P8P1EEVERaRd
and transducer 37 becomes the transmitter. The time of travel of the burst
i's agai n corgudredwitdhecdnbheteasidghd | &€ fliged! edrirectiienc factidrowedmt e TO
calibrate, a transmtter/receiver block 64 also typically using a signal
with the phasetrosiveresdlints Kire icomphitia tsiboh pay irediucal hpyt ereae: gi Bewéver
transducer 56. The utilisation could be every 20 seconds (as against the
mai n transduicer @bfferentnigasesr andnfoe cextendedy perigd® ofcamsds) (ien
transm ssion of the signal burst, the tinme to receive the first reflection
i s measur ed YadFshe Wer ilsd Wedterhe toecomPliodt | Ebei opreaenbe eabideration
calculated in processor 61 to provide a tinme window for receipt (to

el i ninate déestRdd sThERR G189 RTCWRRFYa further burst is
transmtted. These detected tine values which are dependent on the distance
Lx and the gas content are passed to processor/control 61 to calculate

val ues usedjnt det.ernm ipn. T ef jyvely
el i m nat es fIJ e t?h%n\g\?énzls”%lec%hael n@g%ésfgﬁ‘ﬁa ?lglg?%% gﬁ%ﬁ%%sw r{“ielﬁr}l)ddlené
effects) an r%rﬁ.q%c : 2 16 delays to give an accurate
measur enent ch)-u;e spee gffseg}rfg d|1Elnéét 1(31?:%3.& um The doubl e transm ssion steps
usi ng the sane transducer makes this possible. As the distance L between
the main transducers is known, the necessary val ues can be cal cul ated and
vol ume and ggageTaf x0ge acquwanl at eda Resehls xcanghe- ppssed dap)displ.ayH2.
The calibration factor can be stored within bl oca 61 and periodically
updat ed as rnecaakalpfulhefconé nadlwesl gf meysystent 878 tasaaodwdead Asiltay )t he
calibration systemare shown in Figure 7. - "1 S J~fL 2~2- m CLAI M5

and Tc (channel or multimode propagation delay) are unable to

be actually measured individually.

However by employing the calibration steps using the auxiliary
transducer it is possible to determine the value of T1 * T2
because

T1 * T2 is approx. = T? = LZ/C? = . .iciieveennn .. (3)

where C is the term relating to the speed of sound measurement
for a given fluid, and V is small in relation to C as is the
case in practice and T is the value of T, (or T,) when V is

zero ie when Vv = 4, T' = T, = T.



1. Apparatus for nmeasuring the flow of a fluid, conprising; a duct with an
inlet and outlet for the fluid, a neasuring tube within-the duct, first and
second transducers disposed in the duct to define an acoustic path through
t he measuring tube, switching means for allow ng each transdutdéJUlo 282 used
for either transm ssion or reception of a signal used to neasure the speed
of the fluid through the neasuring tube and in neans for correcting the

val ue of the product T~.T2 in the equatilén V - L/2 . (TZ-T~ ) /T~ . TZ so
as to renove signal tinme delay errors and ensure the accuracy of the speed
of flow neasuriiaieend dhasdund € WEre sddsal hih aesh fuim vid apiivien oy f 1 ow
of the fluid, L is the distance between the transducers, T~ is the tinme of
flight of thecssgnal fromthe first transducer to the second .t.r.ansd4ger

and T2 is the time of flight of the signal fromthe second transducer to
the first transdd@ter. 2. Apparatus as clainmed in claim1l1, in which the
correction neans is configured to neasure the tine for a transmtted signal
to pass al ong’hese Patliss tdre IHiehrncenginavelleshdur e skondlaiandd T dscltdien
2, in which each path includes at, | east one reflective surface to cause

sai d signal ttdiWeetidtn Whd ahehe: sgonalitdavsdistt at | east once. ~ s ~u~ 200
18 4. Apparatus as clainmed in claim2 or 3, in which the correction neans

i ncludes an ultrasonic transducer for . transmtting the signal down the

t ths. 5. | ai i l.ai i i .th d i
o P o datiRBRLgheE 8F TRl i il By el P HILER NIt BBV
roviged i n ac . . . . » . 5
Chihe Separ atath telpert b WHeORnihe CAIRMEEY ehPHRE Elal k8 fERYRL €
inclaimé6, idyoWi£dedhice asoystint PRENTAIEL PFO '@edsmrgam nraffs@frp&? is
P Il portion o %Iuid

having a restricted inlet and outlet to allowonly a s

to be utilisedbpk) calhbreds oih aid esddONof & AdurA d GdedHEanyr eRBNtehlbe.
8. Apparatus &s clained in claim7, in which the chanber includes a

reflective swimecCeoattriah@lenther @igitaanideomiNa d rnqadngewhete Appalattifeds
claimed in claim6, in which the acoustic paths dre provided within a
chanber havi ig &hpl ac&hiafly tafer theestionelsspeadesinotbeusdutifie acoustic
paths to be provided within a relatively small region. _ ~s ,~umm 19 10.
Appar at us as Tglakxked=i Pxclaill®X7, 8 or 9, in which conput-ati-en-reans-af8)
provi ded to Eyovide a calibration correction val ue dependent on the

di fference i Fpf#kes ToF*a siT§¥al to pass fromthe transducer-to-the: (6)

reflective surface on nore than one jaqurney. 11. paratus_as . clained in
Chai m 10, i 1 YR Tinel © O ERSOHT Stb I o drifiey Feod ted edo FBF i hErance
appropriate tine w ndo for .reception. o signal _to avoid ecti.on_of
unwant ed ref%éﬁfe xéikﬁﬁ%“ﬁ tﬁmfzsgAsﬁgygﬁu§h3§gﬁg%7%%% % (ﬁﬁ%ﬁ sxlbdehil,
in which thetransducer system time delay error for this transducer which

error is similar to the Ts, and Ts, errors for the main

transducers.

Tsx can be eliminated by subtracting Tx, from Tx, as previously
described for the main transducers and thus using equation (4)
we have -

C = 4Lx = 2LX  dieesesacassresens (7)

Tx, = TX,



conputation neans is configured to carry out the correction at |ess
frequent -intervals to that of the speed neasurenent. 13. Apparatus as :
cllaimed in claims 7 or 8, in which the chanber is provided wit8iJUL 282duct
in a position parallel to the neasuring tube. 14. Apparatus as clained in
cl-aim 13, in which the chanber and thgsneasuring tube each have first and
second portions_contajned within separated portions of the duct associa{&?
with the inlet and 0%¥¥ """""

measuring the flow of fluid through a duct said nmethod conpri sing:
transmtting a signal froma a s au~ ~ 20 first transducer through the
flow path of the flupgd. forpgeceipt by a second transducer, swtching the
transducers to allow tfansm'ssion to be effected by the second transducer
for receipt by the first transducer, determning the speed of flow of the
fluid fromthe transducer signal transm ssion tines and correcting the

val ue of the pnddtinally T2 i m the equebard V = L/ 2. (12T~ .., Tt....TZ .sq9%9s
to renove signal tine delay errors and ensure the accuracy of the speed of
fl ow measurenent of the fluid where WTks -t x,3peed or velocity of flow of
the fluid, L is the' distance between the transducers, Tt is the tine of
flight of the signal fromthe first transducer to the second transducer,
and T2 is the tine of flight of the signal fromthe second transducer to
the first trafsciRell AFTIRD nkP HREUAkieR af HboShorel i m 15, in which the
correction step is effected by nmeasuring the tinme for a transmtted signal
to pass down two paths of known |length. 17. A nethod as clainmed in clains

, ich hird d id he, si h
those from t B rPREFoRRRGS ssn AR hiRRyatess WEcR, B3 G Cndf R ehRnt"

A R L R T R e Y
200Z 21 manner thereto, it is possible to eliminate the value of T1 *
T2 because we have determined in equation (9) that
c? = (2Lx/(Tx2 - Tx1))? and hence substituting equation (9) in
equation (3) to eliminate C we have
T1 * T2 = [Tx2 ~ Tx1]? * LZ/4LX? = ieeiiernenanann (10)
where Tx2 is the time taken for the signal from the auxiliary
transducer 56 to pass to the end reflector 54 and back to the
transducer and reflect thereon back to the reflector 54 and
back to the transducer 56 (i.e. a distance 41x). A distance

of travel for the signal to pass once to the reflector 54 and

back (i.e. a distance 2Lx) gives the time value Tx1l.

I is the distance of the path in the main transducer

measurement chamber 40 of Figure 3.

If we now insert equation (10) into equation (1) we can

eliminate T, * T, and therefore the associated system and



19. A nmethod as clained in claim18, in which a calibration correction
val ue .dependent on the difference in tinmes for a signal to pass fromthe
tfansducer to at |east one reflective surface on nore than one 4 gUULEPORS
conputed. 20. A nethod as clainmed in claim19, in which the conputing step
i ncl udes providing an appropriate tinme w ndow for reception of a signal to
avoi d detection of unwanted reflectelt signals. 21. Apparatus for neasuring
the flow oftgadddiicks sl ayé | #hd ytimss heeebpbeinre described with reference
to the drawings . 22. A nethod for neasuring the flow of a fluid
substantially as herei nbefore described wth reference to the drawings . i
JAe. AS9. A% . AHL. A(. AS5. AyY. Al . Ay. AyHE. Afa. A . A AYn&2. AuS. Al (. A 3. Ay
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also be accommodated. Using the above arrangement, accuracy

to within 0.5% has been achieved.

The operation of the system is shown in Figure 7. 1In this
simplified diagram, the transducers are shown spaced by the
distance L. The auxiliary (calibration) transducer 56 is
shown spaced from the reflective end wall 54 by the distance
Lx. To describe the operation of the main transducers first,

a transmitter/receiver block 60 employs transducer 36 to
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passes the signal via the block 60 to the processor/control 61
(typically a microprocessor). The travel time taken for the
ultrasonic signal will depend on the distance L and the speed
of the gas. A phase reversal marker can be provided on the
signal to more accurately detect the time of flight of the
ultrasonic signal burst. The transducer operation is then
reversed and transducer 37 becomes the transmitter. The time
of travel of the burst is again computed. The difference in

time relates to the gas flow rate.

To calibrate, a transmitter/receiver block 64 also typically
using a signal with the phase reversal marker is utilised
periodically to energise the transducer 56. The utilisation
could be every 20 seconds (as against the main transducer
measurements for example occurring every 2 seconds). Oon
transmission of the signal burst, the time to receive the
first reflection is measured and the period when the second
reflection can be expected is calculated in processor 61 to
provide a time window for receipt (to eliminate detec-ted

unwanted reflections) when a further burst is transmitted.

These detected time values which are dependent on the distance
Lx and the gas content are passed to processor/control 61 to
calculate values used in the volume determination. Thus the
nmeasurement effectively eliminates the unknowns including

system (ie electronics and multimode effects) and transducer
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19, "10%& (¢hSSAkddUR. () - TR 1Q¥abA)e ftrad&fi®séioh} ¥teps using the same
transducer makes this possible. As the distance L between the
main transducers is known, the necessary values can be
calculated and volume and usage of gas accumulated. Results

can be passed to display 62. The calibration factor can be

stored within block 61 and periodically updated as necessary.

The control and processing steps associated with the

calibration system are shown in Figure 7.

r
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O-y a %u@t w%th ér)n inlg%:()and ogtﬁ‘e(t) or the77}fluI|§c,: a

measuring tube within the duct, first and second
transducers disposed in the duct to define an acoustic
path through the measuring tube, switching means for
allowing each transducer to be wused for either
transmission or reception of a signal used to measure the
speed of the fluid through the measuring tube and in
means for correcting the value of the product T,.T, in
the equation V = L/2. (T,-Ty)/Ty.T, so as to remove
signal time delay errors and ensure the accuracy of the
speed of flow measurement of the fluid where V is the
speed or velocity of flow of the fluid, L is the distance
between the transducers, T, is the time of flight of the
signal from the first transducer to the second

transducer, and T, is the time of flight of the signal

from the second transducer to the first transducer.

2. Apparatus as claimed in claim 1, in which the correction
means is configured to measure the time for a transmitted

signal to pass along two paths of known length.

3. Apparatus as claimed in claim 2, in which each path
includes at least one reflective surface to cause said

signal to return to the origination point at least once.
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transmitting the signal down the two paths.

5. Apparatus as claimed in claim 4, in which the transducer
is provided in addition to the first and second

transducers.

6. Apparatus as claimed in claim 4 or 5, in which the
transducer is provided with acoustic paths separate to

that within the measuring tube.

7. Apparatus as claimed in claim 6, in which the acoustic
paths are provided within a chamber having a restricted
inlet and outlet to allow only a small portion of fluid
to be utilised for calibration correction relative to the

measurement tube.

8. Apparatus as claimed in claim 7, in which the chamber
includes a reflective surface at the end remote from the

transducer.

9. Apparatus as claimed in claim 6, in which the acoustic
paths are provided within a chamber having a plurality of
reflective surfaces to cause the acoustic paths to be

provided within a relatively small region.
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11.

12.

13.

14.

15.

computation means are provided to provide a calibration
correction value dependent on the difference in times for
a signal to pass from the transducer to the reflective

surface on more than one journey.

Apparatus as «claimed in <claim 10, in which the
computation means is configured to determine appropriate
time windows for reception of a signal to avoid detection

of unwanted reflected signals.

/

Apparatus as claimed in claims 10 or 11, in which the
computation means is configured to carry out the
correction at less frequent intervals to that of the

speed nmeasurement.

Apparatus as claimed in claims 7 or 8, in which the
chamber is provided within the duct in a position

parallel to the measuring tube.

Apparatus as claimed in claim 13, in which the chamber
and the measuring tube each have first and sécond
portions contained within separated portions of the duct
associated with the inlet and outlet of the fluid

respectively.

A method for measuring the flow of fluid through a duct

said method comprising: transmitting a signal from a
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] e flow path of the fluid for
f8nﬁogﬁ&j()_!Cn!loziéﬁiél-by a second transducer, switching the transducers
to allow transmission to be effecteq by the second

transducer for receipt by the first transducer,

determining the speed of flow of the fluid from the

transducer signal transmission times and correcting the

value of the product Ty.T, in the equation Vv = 1,2, (T,~

T)/Ty.T, so as to remove signal time delay errors and

the fluid where v is the speed or velocity of flow of the
fluid, L is the ‘distance between the transducers, T, is
the time of flight of the signal from the first
transducer to the second transducer, ang T, is the time
of flight of the signal from the second transducer to the

first transducer.

16. A method as claimed in clainm 15, in whjch the correction
step is effecteq by measuring the time for a transmitted

signal to pass down two paths of known length.

17. A method as claimed in claims 15 or 16, in which a third
transducer provides the signa paths Separate to those

from the first and second transducers.

18. A method as claimed in clainms 15, 16 or 17, in which the

signal is reflected from at least one reflective surface

to return the signal to its origination point.
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reflective surface on more than one journey is computed.

20. A method as claimed in claim 19, in which the computing
step includes providing an appropriate time window for
reception of a signal to avoid detection of unwanted

reflected signals.

21. Apparatus for measuring the flow of a fluid substantially

/ »
as hereinbefore described with reference to the drawings.

52. A method for measuring the flow of a fluid substantially

as hereinbefore described with reference to the drawings.



