MEASUREMENT SYSTEM The invention- relates to a neasurenent system and nore
particularly to a systemfor neasuring the speed of fluid to .allow flow
rate to be determ ned using transducers. One system di scl osed:in-our. ,
copendi ng patent application (UK 9021441.2) relates to an arrangenent fd{:
measuring, inter alia, gas flow of ga@8 by determining the tinme of flight
of an ultrasonic signal in both directions between#first and second
t r ans ducMEASHRENEN ipdddt t e each other in a neasuring duct and uses this
result to conpute the gas speed and fromthis the volunme of gas consuned.
The present arrangenent is concerned wth inprovenents to such systens to
enabl e even mpre acgurate Tnﬁ/or epeat abl e results to Qe achi%%ed.
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appar at us_for, _nmeasuri the fl.ow of £l ui par c S duct
with an PﬁFchgiﬁr t{gé % FYTHE ¢ ?#cﬁgé%%%gg%rlng ?égédmggﬁgg%fﬁgt%hct,
first an 0 | SRASEE Al 1S Sy Ct 4R &pg_an acoustic

pat h thrgﬁgﬁgf%gchég§ﬁ$$ﬁg£?ﬁ%e, smntghgaﬁn%gg%s ?orsgf%omfng each
transducer to be used for either transm ssiron or reception of a signal used
to measure the speed of the fluid through the neasuring tube and nmeans for

Cor[eCtiBﬂet@%éﬁém“aigci$ﬁéd”iﬁ“6ﬁr[@épénaﬂnghﬁaEGﬂﬁthpplﬂcaﬂﬂbh (oxr] so
as to

9021441.2) relates to an arrangement for measuring, inter

alia, gas flow of gas by determining the time of flight of an ’

ultrasonic signal in both directions between first and second
transducers disposed opposite each other in a measuring duct
and uses this result to compute the gas speed and from this

the volume of gas consumed.

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 Q
provided apparatus for measuring the flow of 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, swiéching means for allowing each
transducer to be used for either transmission or reception of
a signal used to measure’fhe speed of the fluid through the
measuring tube and means for corrécting the wvalue of the

product T,.T, in the equation V = L/2. (T,-T,)/T;.T; so as to
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1

2 renobve signal tine delay errors and ensure the accuracy of the speed of
fl.ow measurenent of "the fluid where Vis the speed or velocity of fltw of
the,fluid, L is the distance between the transducers, [err] is the {inme of
{g-bt of the signal fromthe first transgucer to the second transducer,
and T2 is the time of flight of the signal fromthe second transducer to

~ the first treneieceignidCeifendel yodpides asdisudle the Bteseaky B‘f_eghiaon’

there is provided a nmethod for measuring the flow of fluid through a duct,

the nethod epeed ofnglowaneabhirengne o6f0tie fXwid aldresstv isaabdugpeelhppugh
the flow path of the fluid for receipt by a second transducer, swtching

t he transduseloditcyaldfovitovarcsfinitdss dfluiod bel el erhee Ayt dikee Sioctwden the
transducer for receipt hy the first transducer, determ ning the speed of

fl ow of the tiramisdlucess,t My tisardwudamesiahaflighthsf sshensigmet findm the
correcting the value of_ the product [err] in the equation V = L/2. [err]
so as to refdrstsityamsduasr ¢ &ncesesendafyanssiceryhandc¥ur deytbe thue
speed of flow nmeasurement of the fluid where V is the speed or velocitg of
flow of theofl okt ofi fdheyisignrt FroRedihd ngeePBd s fassduces; (§o shene

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:



time of flight of the signal fromthe first transducer to the second

. transducer, and T2 is the time of flight of the signal fromthe setond
‘transducer to the first transducer. The invention will now be desefibed gf}
wdy of exanple with reference to the aggonpanying drawi ngs in which: :
Figure 1 shoms a suitable housing for tfie invention; Figure 2 shows a

secti onalp u h the nternal conponent | ayout ;
Figure 3 s owWs Q% é$§WWJ%h%ﬁ%éaﬂfgzhgggﬁééuc%¥ Be%?g PRABY e det ai |
Figure 4 shows an expl oded view of the Figure 3 arrangenent; Figure 5 shows
the auxiliary transducer and tube assenbly in nore detail; Figure 6

shows  aFigidernaihowgs 2U¥ebtfsNal lvHOFUYECERE0R agl u shows
details ofggexmronlc circuitry a2300|ated W th t&gG?Fo% %EgggbghéﬁFg'and

the internal component layout;

Figure 3 shows the flow chamber and transducer aspects in more
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Figure 8 shows the control and processing steps associated with
calibration. The exterior arrangenent of Figure 1 suitable for the present
confi.guration and for the arrangement disclosed in our copending
appEgCation UK 9021441.2 conprises a houzgng 10 incorporating a duct 11
with fluid flowinlet 13 and outlet 14. ove the duct 11 is a second part
12 of the haewsain; 10 which incorporates.a battery conpartment accessible
via plate 15 and includes a circuit board 16 carrying the el ectronics
conponents for operating the system A display 17 provides visual

I ndication of the netering and switches 18,19 provide display selection.
Wt hin t he Bigere 14 ashowspanr explodedsuiewr of38he7FigurerBgarrangehent ;
which are used to neasure the rate of flow within the duct in a manner
described in nore detail below, to act as a netering device, for exanple.

- The transducers which operate at ultrasonic frequencies, are incorporated
within a fIDigeRaNPeFha¥sSchbey adFiliary, trapsducer apd Hubs assamdys img
4). This aﬁgggglgengigdes t wo cyLindricaI_chanbers 21, 22 which

Figure 6 shows an alternative auxiliary transducer

configuration;

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 Figuré 1 suitable for the present
configquration and for the arrangeﬁent 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 inclﬁdes a circuit board 16 éa:rying the electronics
components fof operating the system. A display 17 provides
visual indicatién of the metering and switches 18,19 provide

display selection.

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

AN
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are affixed to a central circular support 23. The support also carries an
i nner, general ly tubul ar nenber 40 coaxial with the chanbers 21,22. Munted
on the outer periphery of support 23 are two Orings 26,27 (e.g. of rpbberﬂ
which effect a seal when nmounted W thinegthe housing 11. This results in t4
chanbers 21 and 22 being isolated from®€ach other and the only passage

| g i sol the only passage
oxt onst one 4 TPAcHS aRe” Uk o) eaBlrly Beltardie’ PGy AfCHiR thpctact

i ncr eases jadj ¢ einrRACNa88Eri Bel "a 1 SHLE g%éaqﬁpregiéﬁ "ﬁ fég tigns,to

the fluid flow path. The chanbers 21,22 each 1nclude a hunber circul ar

aper t ur es méteaioi ddvidid, Y Rhigmplied f or m passageways for the fluid entry
or exit. As can be seen fromFigure 3, the fluid passes into the neasuring

systemat inlet 13 and noves within the housing duct 11 so as to pass
around the outside of the chanber 21 and thence through the apertures 47
into the Ehenttearstiucerse whichl dgeerateort nibtradomighfrdqueiei®s; e
passing over the disc-like extension 41 and through the shaped regi on 42 of
t he tube Abcompozatedavithingadblew ichanher atEeandyf R0 withingese duct

(see also Figures 3 and 4).

This assembly includes two cylindrical chambers 21,22 which
are affixed to a central circular support 23. The support &J
also carries an inner, generally tubular member 40 coaxial

with the chambers 21,22.

Mounted on the outer periphery of support 23 are two O-rings
26,27 (e.g. of rubber) which effect a seal when mounted within
the housing 11. This results in the chambers 21 and 22 being
isolated from each other and tﬁe 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 apertureé
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
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and passes -over the extension 41 and passes out through the apertures 47 in
chanber 22. External of this chanber, the fluid passes through the housing
and.-t hrough the exit 14. The shape of the tube and the passages act ‘as a
Iab&ginth to reduce turbulent flow as wel§y as preventing dust from passing
i nto the neasuring tube which could be present in a donmestic gas supply,

for exanpley;l &g apsl -{:BGEQB%I-,-atr%‘iﬁﬁ tthé ebht8ia8 - e tid t GRaRbetN21NGiEd NQ

external of the chanber 21. Arelatively narrow bore size in tube 40 causes .
a speed inctRafiei tHrittugh Wik t gpePeagase avheinedsthevidhanber N21.  The
transducers as well as purging any stray dust particles. An auxiliary
transducer Hbuidt bheaseonttiadesubhrbaghstheochdmbbew 20 pazmsdnextearel rithe

t hrough the chanbers 21,22 and is used for calibration purposes as

descri bed idisor2iltet ektehsion 4 Ttand dharo®gh thleushappdr vegiondd2 cef ithes
55a,55b to allow very small portions of the fluid to reach the tube

interior (etybeadPew After tranelding 49wt &£he Hibe Al the Fluid erergsiken
chanbers 21 and 22 except via the neasuring tube 40. The central %Pqport

23 acts as ANJCRASEERWGUIET DS FIEENS IR 4 heAl® RBEFES, Puty Fhrpuch the

Extending fép"é“rw%e%h%be{n Zéhaim%éart£§ n Sd%?x rerrll%iSigg éﬁis chamber, the
fluid passes through the housing and through the exit 14. The
shape of the tube and the passages act as a labYrinth to

k,/ 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 geal between the tube 55 and the

chambers 21 and 22.
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containing one of the ultrasonic transducers 37. The transducer as
seen fromFigure 2 is separated from chanber 21 by partition 45. Thus
transducer 37 is located at one end of a chanber 50 and the partition 45 &s
at the other end of chanber 50. The chanmber is Iined with acoustic mat eril
43 to avoid unwanted reflections at ulftrasonic frequencies. The partition

i ncl udesgaeehd SHbA e RAET EHEE Hfhier | 88 Wd Nat NerdASAIEE S houl i3y

ultrasonic signals to pass through to the tube 40. The aperture w be

covered wbhbaAiAg SdnéSessFienee WltrddenieovisansanbesBangel 50 méh only
a small aperture allows only generally parallel waves to pass therethrough

rat her tbpansddceer §e€nsebrafronPiduwrat2 ois adeparateansen cchanbet 2he far
end of the chanber 50 assists with this action and reduces the risk of dust
cont am nayiparbitién 4% ansThusrtrdhsdubenb2? parlocabedadtoconeocéndestt he
chanmber fromthe fluid path. A simlar arrangenent is provided for

t r ansduc@r chamhierh $®ushdg tie spartiticnadiSeris3atki tthe hethert iendrnofls.

The aperture 46 is again provided. _ This i s _necessary as each_transducer
36, 37 wi Fhambex @t e x dgr 1apgdr wathyapouskic pakeyiadr4330 37 are

connected top_the electroni¢c circuit boa via wires 32,33 .and the
el ectri c%ﬂmt‘:@nHBU?BFeQS?efﬁQ‘:’&&?PFi éFyuﬁggﬁ?&’(?é@r Ixequenciffected via wire
57 to the : _ _

The partition-includes a circular aperture 46 in line with the
transducer to allow ultrasonic signals to pass through to the U
tube 40. The aperture 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 v.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 is 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



connector 48. The power source for the systemis provided by battery 35.
The transducer 56 together with the associated tube 55 is shown in nore
detai-l in Figure-5. The bore of the tube is very small (e.g. 5nm conpared
to ‘L,.lgé bore of the neasuring tube and theq porous end sections 55a, 55b are
only sufficient to allow a small portion of fluid to pass into the tube.
Thus any f|eonhécooghd s LDETHS power giowde efor siies j sytd temiisn moonpided byt h

the flow through the neasuring tube 40. However this is sufficient for
the tube SShatteoyntdbn an accurate sanple of the fluid flowing within the
measuring tube 40. The wire 57 provides the nmeans for receiving 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,

surface 54 Thedtzeasducer) 5k traethexl with hEher @ssaqiatseshckubge 5% st@nce

Lx making a total  distance of ,2Lx al t,gget hsr. A simlar process utilising
a doubl e r c$he¥R | IR peresderadlodp EL9BEE.Pirbed below and in this case the

total distance is 4Lx altogether. The flat .transducer face 56a is enployed
in that operation. The purpose of the auxiliary transducer and tube is to

provide a oghl by atl O "BROWNSE {9 vLY SwR1EME Y. "SRRL Bordlisréd Ped the
bore of the measuring tube and the porous end sections 55a,55b

are only sufficient to allow a small portion of fluid to pass

L/ 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 mnmeans for

receiving and passing back a signal from the system control.

The auxiliary transducer 56 is ar;'anged to transmit a signal
down the tube 55 to the end reflector surface 54 (a distance
Ix) which signél 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



below. In an alternative arrangenent shown in Figure 6, the third
transducer 56 is provided within the chanber 22. The support 23 in this
enbodi ment is part of the noul ding and includes portion 23a having a oS
concave face which acts as a reflector 6-or t he transducer 56. A portiofg
54 of the transducer assenbly adjacent fhe transducer also acts as a

ef | ect oA dlased e A6 by L 4 AOREHCERe SOnbhBEL o3 T ppal S, o e

signals are utilised as | e earl1er embodinen

support g peht tofist RansBaiming 85! puett Nee éeﬁbaggiglgggéé{ t:ﬁmginﬁl&é’

formed, renoves the need for O- rings and reduces t a up %y t he

support tportienw 23&f haveRy @oXBricivd Neadsé WRIERCRCRE aRJ 2SS paths .
to be accommpdated all within the chanber 22. This elimnates even sl ght

passage dfor | the beramsduckanb®és 2laanforfiéAt B4 FaNtNéa tridhgidEy
route through the neasuring tube). The transducer and signal paths are thus
qui t e sepEsanbXy oadjacemeatbe chransngerdaldens aots @z 2 RdHctdhast0 and
elimnates erroneous signals. Mtion of fluid within chanber 22 does not

af fect t feesiddheirEaeatobcthestransduceres6i iksedifh hThea padhsodhiths t h

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 heed for O- U
rings and reduces the space takeh 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 measufement 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 throﬁgh the measuring tube 40.

In this second embodiment the distance Ix will be the distance



and against any flow so cancels this out. The speed of fluid through :
chanber 22 will be slower in any event to that speed through the neasuring
t ube~40. In this-second enbodi ment the distance Lx will be the distance
fr o't ransducer 56 to the face 54 (via ra&zector 23a). The 2Lx di stance
will be that travelled by the signal bac nthis route after reflection at

the transdugeemSerafisiiieet §8akohdnenEaved®ugqRa 2 raf@ctdrefdngti on. The
4Lx distance will be that travelled by the signal having undergone a double

reflection. The auxiliary transducer calibration or correction nmechanismis
provi ded for the follow ng reasons. The velocity V of gas flowing in the
mai n neasur®nenzLx ubistanceéewiil chéathat f tpavebkedi bpsthersidgmalilbacison c
signals to pass therethrough (a distance L) in each direction, according to
the vel oci tthisrmomte \&fter ixeflectigr)at thee transfucer 5672 the signal (1)
where the time of flight in each direction is Tl and T2. Errors in the

val ues of Thawhag TRndergengedagdadiige refilieatian.gdFhe dHax diskanpe Nillue
to electronic circuit delafs the inertia of the transducers and nul ti_node
pr opagat i onPef thats travel ed by the signal having undergone a double

reflection.

The auxiliary transducer calibration or correction mechanism

i~/ is provided for the following reasons.

'~ The velocity Vlof 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

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 (typidally 80% of the error).

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

- both directions.
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in the measurenment tube. The inertia of the transducers is the major delay
error (typically 80%of the error). The T2 - T1 subtraction wll elimnate
all these errors in this part of the equation as the delays will be ~
constant in both directions. The pr?Fuct Tl * T2 is not so easily deéLﬁ
with., It is true that where the neasurtng tube is sufficiently long, the

errors dygd GAlfudDore #ferdyssahSt S8oSBREL1§SabR1LCwiROr efe kRWexge for

nore conpact "designs, this error becones nore pronounced. If accuracy to a

few per caifat wHedeC kRl fleablieAngveltbdi 18 SOFfPReieitlsy Qohg theedresrsection
factor can be introduced into the conputation to reduce any error. However

for diffeuwnt tgasete aabdvay delaggecayer isadsswdllisas(i te. becaighoredl s
better to enploy the present calibration mechani smwhich increases '
accur acy Holveand£on2 moiee t bempactaldeswigns edthisnerrort ibessones | mdreg t he
error effects described. That T1 * T2 = (Tgl - Tsl - Tcl) * (Tg2 - Ts2 -
Tc2) ... pranouncesthhel bf vhctnraey Yeal acfewi percenysisntaherabiasdtben
delay) and Tc (channel or nultinode propagati on delay) are unable to be
actua||yeﬁggguwbghiﬁgmmﬁgyﬂqgﬁlgns a fixed correction factor can be

introduced into the computation to reduce any error. However
for different gases and for extended periods of use (i.e.
years) it is better to employ the present calibration

mechanism which increases accuracy. : - - w

Tgl and Tg2 are the actual measured transmit times including

the error effects described.

That T1 * T2 = (Tgl - Tsl - Tcl) * (Tg2 = Ts2 - TC2) «... (2)
is unhelpful if the values of Ts (system and transducer delay)
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

Tl * T2 iS approx- = TZ = Lz/cz - ...oooo'o"-cno.o'looo(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 V =4, T! = T, = T.
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However by enploying the calibration steps using the auxiliary transducer
it is possible to determ ne the value of Tl * T2 because T1 * T2 is appr ox.

= [exkr] = [err] -where Cis the termrelating to the speed of sound

nmeagyt enent f or a given fluid, and Vis Il inrelation to Cas is the
case in practice and T is the value of | ] (or [err]) when Vis zero ie
when V = [err], [err] = [err] = T. The speed of -sound C of a signal in a
medi umis given by C = D

----------- -The .speed 4 f Tsowied C [bf sa tdibgta Bt hnce neddwmh | sl divémepbyi gnal
and Tis the tine for which the signaltravels. In the case of the single
and doubl e r@f+elti on exanpl es above with respect to.the.thisrd. trapgducer
the real time to travel the distance 2Lx in the case of the single

reflection is [é€fr](2Lx), whereas in the case of a double reflection, the

real tinme to travel the distance 4Lz is T (4L>é% where 'real tine' is the
actual tine YhRreiQnis Eherdistaneactravelled by thexgiong) and1Exls the

In the case of the single and double reflection examples above
with respect to the third transducer the real time to travel
L/ the distance 2Lx in the case of the single reflection is
Tp(2Lx) , whereas in the case of a double reflection, the real
time to travel the distance 4Lz is Tp(4Lx) where 'real time'
is the actual time the signal spends in the fluid.
TP(ZLx) = Tx, - Tsx _ . cesescccccscees (5)
Tp(4Lx) =_Tx2-_T.sx . : csssesssssescies {6)
vhere Tx, is the measured transit time to travel the distance
2Lx, TX, is the time to travel the distance 4Lx and Tsx is the
transducer system time ldelay 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 . : . cevevsessceccscnss (7)

sz - -Tx,_



where [err] is the nmeasured transit tinme to travel the distance 2Lx, [err] -
Is the tinme to travel the distance 4Lx and Tsx is the transducer system
time delay error for this transducer which error is simlar.to the [err]-:
and [err] errors for the main transdqurs. Tsx can be elininated by f;;
subtracting [err] from[err] as previously described for the main
transducerss angghhus using equation (4) we have - C = 4Lx.- 2LX

cde e s ses (8)
e (7) Terr] - [err] = 2Lx _
................. (8) [err] - [err] and finally [err] = Clerr]
(9) [err] we shall return to equation (9) shortly. By enploying the third
transducer wtliTs,t s Gwmp measurenment chanber or paths and by sending a
signal in a controlled manner thereto, it is possible to elimnate the
value of T1 * T2 because we have determined in equation (9) that [err] =
(2Lx/[Tx2 - TxI])[err] and hence sub;tituting equation (9) in equation (3)
-to el i mamg £i0alddin&ie = (2Ix)° ' B N )

2
[Tx, - Tx,]

we shall return to equation (9) shortly.

By employing the third transducer with its own measurement Q
chamber or paths and by sending a signal in a controlled
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 'ha\_re T

T1 * T2 = [Tx2 - Tx1]? * L¥/41x? (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 T
back to the transducer 56 (i.e. a distance 4Lx). 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 Tx1.

L 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



T1L * T2 = [Tx2 - Txl][err] * [err] .. .. .. ... .. ... (10) where Tx2
Is the tine taken for the signal fromthe auxiliary transducer 56 to pass -
to the end refleector 54 and back to the transducer and reflect thereon back
to %he reflector 54 and back to the tran$QUcer 56 (i.e.- a distance 4Lx). A
di stance of travel for the signal to pass once to the reflector 54 and back

(i.e. a di stpdfaderd FoVHps ldRatthBsVabuebtxin L is the distance of the
path in the-- main transducer neasurenent chanber 40 of Figure 3.

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

[err] and therefore the associated system and 14 transducer del ays and
thus we obtwi= Lerx](Bne fMinal4lxierr] The calibrabi-on «system.i.s ar ridided
to have tine windows to receive the various reflected signals and the

resul t ant calcukatidhﬁpﬁ-éﬁﬂé?i@nlilo) 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 - ' ' '

and finally

V=2E2-T1! sz ® 9 0000 08 009 PO OC OSSOSO (12)

L. (Tx2 - Tx1)?2

The calibration system is arranged to have time windows to
receive the various reflected signals and the resultant
calculation of equation (10) can be directly substituted for
Tl * T2, in the equation (1) so eliminating the system errors.
By updating the calculation af.regular intervals, the speed of
‘sound values for any given fluid passing through the system
can be accommodated. So fluiés ‘'which may change their
constituents will not cause problems. Also drift in any of
‘the delay factors over long periods of time (e.g. years) will
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



sound val ues for any given fluid passing through the systemcan be
accommodat ed. So fluids which nay change their constituents will not
cause problens. Also drift in any of the delay factors over long periods of
time (e.g. years) will also be accomvpdated. Using the above arrangenent \_4
accuracy to wthin 0.5% has been achie . The operation of the systemis

shown in £raNeRi¥€ al Sighas sﬁmiéhfdaf'éégggﬁ}%ﬁg sf)é?ﬁ'%g&cgléﬁ%@éﬁ5%rﬂ$\ém

spaced by the distance™L. The auxiliary [ ran

shoun spapae 40O ikl | vir o1d #8bb19¢aDby! REdHsthitlis 97 Wificn
describe the operation of the main transducers first, a _ _
transnit tpagses civers igmak vk e Bldck §0SduCthe prbbessot)edibidl i gnal
burst and after this has passed through the tube 40 of Figure 3, it Is
recei ved Otypicablincarsic¥ophocespasrics fMhe dimnal Wimd Reakdro oot t he
processor/control 61 (typically a mcroprocessor). The travel time taken
for the m%#mkcﬁggmlvﬁfilld@m&ddmnthbeddxshaneemaanutmSsmaof
the gas. A phase reversal marker can be provided on the signal to nore
accur at el9f d&%cgaﬁhe A Rhagie frevprsal nmaskert £apoivec prioyided orstthe The

ion is then reversed and transducer 37 becones the
H:E:%utc ,?s;irgC)rP%]ZI:{:?wgre 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 U

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 occurr.ing every 2 seconds). On
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 detected

unwanted reflections) when a further burst is transmitted.

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

system (ie electronics and multimode effects) and transducer



of travel of the burst is again conputed. The difference in time relates to
the gas flow rate. To calibrate, a transmtter/receiver block 64 also
typkeal ly using a signal with the phase reversal marker is utilised
perkedically to energise the transducer §. The utilisation could be every
20 seconds (as against the main transducer neasurenents for exanple
OCCUrring @¥eays2tocedids)an addurdtesmeasupamehtt b€ sipped dilirsoynd hintine
to receive the first reflecti-on is neasured and the~period when the second
refl ecti ontg@nmediemnect Ghe dout el tradsnispionesstepsiusdngr dhajesame| ne
w ndow for receipt (to elimnate detected unwanted reflections) when a
further butsansduceznsakescthispessiklect & thee digtasse ki batypen the
dependent on the distance Lx and the gas content are passed to _
processor /Bahbnr ctransducexscuiat dnefies thed Necassany| YRdUes eFAMNaPon.

Thus the neasurenent effectively elimnates the unknowns, i ncludi system
(i g el ect r%ﬂlé‘élﬁﬁ&dnﬁm MS{}Y@“’@%/P@&I Hsagey cHL' aﬁﬁ%tﬁ:‘é?umul%g? ;S'§%s5¥€g an

t t of . Of [ [ s T | '
1 ansn ssi Ghns PepPARE ThALEPLAY  Shabr FRieriayion JRrEHE fan be
g;St ance L_petugeq; tiSn"BhBck" 8258HE%hSrisak8ayly hp8abeacasahyc¥saEy. can

The control and processing steps associated with the

\/ calibration system are shown in Figure 7.



cal cul ated and vol une and usage of gas accumul ated, - Resul t:s can be- passed

. to_ display 62. The calibration factor can be storéd wi thin bl'ock 61 - -ahd

perlodlcally
associ ated w
Appar at'us for

updat ed as necessary. The control and processi

th the calibration syste re shown i ngmur
measuring the flow of ar?fflui d, conpri ,m 'l

i nl et an&agigéet for the fluid, a neasuring tube Wthin m
cond transducers disposed in the duct to define an acoustlc

first a
pat h t hrough

t he neasuring tube, switching neans for allow ng each

transducer to be used for either transm ssion or reception of a signal

to measuie {Ngppaeatual sbbenbhubdinh eHalsibe gRagUE B! smaRtl g eans

for correcting

e value of the product [err] in the equation V = L72

m./

used

[err] so as ho qeseVerHEWNAN t iAEete! aNACT6@EPeBNESAS the t bguaggurgcy of
t he speed of flow nmeasurement of the fluid where V is the speed or vel ocity

of flow of thpehburdngl itabehe wdithtianceaHeet Whrst | hef 1¥$s das@r Ssed6nd]

the tinme of f

S

| i ght of the signal fromthe first transducer to the 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 6f a signal used to measure the
speed of the fluid throﬁgh the.meaSuring tube and in
means for correcting the value of the product T,.T, in
the equation V = L/2. (T,-T4)/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 transdﬁcer.

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.

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.



tr-ansducer, and T2 is the tinme of flight of the signal F%onrrﬁ§'§ggaﬁa~'?"
transducer to the first transducer. 2. Appar atus as cl a'xa ‘“m\ﬂm‘\\]\“\

i n wkich the correction nmeans is configured to neasure th ’
tragsnmitted signal to pass along two pat of known | engths 3¢ “Apbaratus
as claimed in claim2, in which each patfincludes at |east one reflective
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once. as" ¢ or correction

nmeans i ncl udes %Qr’ije g.%?;nin?eér{é’mﬁ?é'f@ %g_ognt LIRS Esbhii R0 tidhsthfisy Fown

d
the two paths. aratus as clarned in claim4, 1n which the

transducer is p | | Qiptd t | 1 Ryl transducers. 6.

Appar atus as cl g?\rég%ﬁﬁr?ltgr@?%l{f %P’g?%li rt?%mvfhdl (F?l{et ?é%t ransducer is provided

Wi th acoustic paths separate to that within the neasuring tube. 7.

Apparatus as clained in claim®6, in which the acoustic paths are provided

w thin a chganbepppavarttiss aseelbinead innctainng, oih | which thé cvramsgueesnal |

portion of fluid to be utilised for calibration correction relative to the
is provided in addition to the first and second

transducers.

6. Apparatus as  claimed in claim 4 or 5, in which the
i./ 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 withih 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.



transducer. 9. Apparatus as clained in claim®6, in

paths are provided within a chanber having a plurality of reflec tive

surfaces to cause the acoustic paths t( ‘be provided within a relatively
d |r] claim7, 8 or 9, in which

(S:(r;an{)lut ;?I n ff%ﬁ)g\rﬁaég ?Beér A dE 31@al Tordi GZ'S(S:%:: : S?’nt![?;m!hl ue

d nce in nme A )
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égﬁ?ir SBEZd ?3 cﬁ% nne appr"{(;ép?fe en&%n%ebﬁm t}g@\é%%?r?ré%ee %r’rmﬁf"‘ £o; gnal
to avoid deteg 'é’.{bﬁl upyephed Febhetihed t?:laq{éﬁitﬁ:erlzto %afgkf%cﬁgv% ai med

in clains 10 or In whitch the conputation neans iS configure arry

out the corre@umcfé dif Sord N lond I bWy [ 0 that of the speed
nmeasur enent .

measur enent tube. 8. Apparatus as clained in claim | ch the .
chamber includes a reflective surface at the end re ‘ r’ JH[
. . . o

11. Apparatus as claimed in c¢laim 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. ' u

12. 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 measurement.

13. 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.

14. Apparatus as claimed in claim 13, in which the chamber
and the measuring 'tube each have first and second

" portions contained wifhin separated portions of the duct
associated with the inlet and outlet of the fluid

respectively.

15. A method for measuring the flow of fluid through a duct

said method comprising: transmitting a signal from ‘a



.

13: Apparatus as clainmed in clains 7 or 8, in which the chjﬂw L ded
within the duct in a position parallel to the measuring tu ﬂ,u”m ’lm H"
Appakatus as claimed in claim13, in which the chanber and t'he¢neas

t ung each have first and second portiongpgontai ned within separated
portions of the duct associated with th nlet and outlet of the fluid

respectively. 15 rre]@%squ&géfnmfgmgtﬁéef; £9p8tn! by €nbhEaual 2oduct

sai d net hod conpr|5|ng rangm tting a”signal first transducer

through the flow. d{}) 3} faes&bahd £PANERECEP] SVAtEHEARD R LRERSHGCETS
swi tching the trans cer [ow fransm ssion to be effected by the

second transducevzof%rnroe@ewanamtsaeow reé Weangdgeeteddapyr iihe ngecond
speed of flow of the fluid fromthe transducer signal transmni ssion tines
and correcting tieanedtucepl e presteipt erby i thiehe fipskt i obrgnsducer,
[err] [err] so as to renove signal time delay errors and ensure the
accuracy of the dgeermihihgowheeaspeedent ofleweof! tthe widnddy from hghepeed

or velocity of flowof the fluid, L is the distance between the
transducers, [erttansducer 51gna1 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
i_/ 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 trénsducer to the

first transducer.

16. A method as claimed in claim 15, in which the correction
step is effected 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 claims 15, 16 or 17, in which the
signal is reflectéa'f;om at least one reflective surface

to return the signal to its origination point.



the tinme of flight of the signal fromthe first tra r tot cond :
transducer, and T2 is the tinme of flight of the signal

transducer to the first transducer. 16. A nethod as “& al*m 15 i
whit‘ch the correction step is effectedlpy neasuri ng ine for a
transmtted signal to pass down two paths of known Iength 17. A met hod as

I d 6,. i ' third t d th

paths sefrat & EtRLed AR 11 @%%&%%“"er B ek ibyatiannmehod
I d t l,ect f t
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19. A net hod t

val ue drerf;enger?ta S%%éﬁimgl flfia a(rgesﬁlcghlglﬁ FP%’EM#%%CSS\]%I’]Q atraltgop&a&saé# e%ﬂ:e'? Re

transducer tOr@fl'é%%SIvé)%ﬂf%fdee%H m@raueﬁaﬁe aflg0 ey is
computed. 20. A nethod as claimed in claim 1909%?8\/\%?3%9 Eg ggm ﬁ#léﬁg step

i ncl udes providing an appropriate tinme wi ndow for reception of a signal to
avoi d detection of unwanted refl ected signals. ;
20. A method as claimed in claim 19, in which the computing

step includes 'prov'iding an appropriate time window for

reception of a signal to avoid detection of unwanted

reflected signals.
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[err]. 21. Apparatus for neasuring the flow of a fde
herei nbefore described with'reference to the draw ngs. m& mmm EII
measuring the flow of a fluid substantially as herei nbefor

refgrence to the draw ngs. ‘29\ A

21. Apparatus for measurlng the flow of a fluid substantially

as here::.nbefore described w1th reference to the drawings.

'22. A method for measuring the flow of a fluid substantially

as hereinbefore described with reference to the drawings.



